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MISSISSIPPI RIVER FROM ST. LOTTTS TO ITS MOUTTI-H, AND
WAT-ERWAY FROM CHIICA(O10O ST. LOUIS.

L E T T E R
FROM

THE SECRETARY OF WAR,
TRANSMITTING,

WITH A LETTER FROM THE CHIEF OF ENGINEERS, REPORT BY A
BOARD OF ENGINEERS OF SURVEY OF MISSISSIPPI RIVER
FROM ST. Louis, M 4 UTH, INCLUDING A CONSIDER-
ATWON OF T~p~t <t;3OP @ ED WATERWAY FROM
CHICAGO, I B . L .ERETOFO4LE REXPORTED
UI#ON. (t

RTFRERPRE

JUNE 10, 1909.- 1fY&Nto the Commiitteo i'Ars and Harbors and ordered to
-',+q jltq# lh0U\titrat~ioas.

WAR DEPARTMENT,
Washington, June 9, 1909.

SiR: I have the honor to transmit herewith a letter from tlid Chief
of Engineers, U. S. Akrmny, dated June 7th instanlt, submitting a
rel)ort of the board of Cenginers constituted under authority of an
item in section 1 of the river and harbor act approved MA rch 2,
1907, of a survey of the Mississippi River from St. Louis, AMo., to its
mouthi, with a view to obtaining a channel 14 feet dlee) and of suit-
able width, including a consideration of the survey of a plrol)osedl
waterway from Chicago, Ill., to St. Louis, Mo., heretofore reported
upon.

In view of the widespread interest in this j)roposed *Work, and the
value and1 importance of the data furnished, it is reconuni1en1lded that
these reports, with accompanying imaps and other appwndixes, be
or(lered )rinte(l in their entirety.

Very respectfully,
J. M. DICIKINSON,

Secretary of W~ar.
The SiEAKEIV OF THP, HOUSE OF REPRESENTATIVES.
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4 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

WAR DEPARTMENT,
OFF"ICE OF THE CHIEF OF ENGINEERS,

Washington, June 7, 1909.
SIR: I have the honor to submit herewith, for transmission to

Congress, a report dated March 20, 1909, by a board of five members
constituted under authority of an item in section 1 of the river and
harbor act approved Marei£ 2, 1907, making provision for examina-
tion of the Mississippi River from St. Louis to the mouth, as follows:
The Secretary of War may appoint a board of five members, to be corned of

three members of the Misissippi River Commission, one of whom shall be the presi-.
dent of such commission, and two engineer officers of the UInited States Army .to
examine the Mississippi River below Saint Louis and report to Congress, at the 6earliest
date by which a thorough examination can be made, upon the practicability and
desability of constructing and maintaining a navigable channel fourteen feet deep
and of suitable width from Saint Louis to theimouth of the river, either by the improve,
meant of said river or by a canal or canals for part of said route. In its report the
board shall cover the probable cost of sue improvement} the probable Cost of main-
tenance, and the present and prospective commerce of said waterway, both local and
general, upstream as well as downstream ind the said board may consider in con-
nection with the examination herein provided for, the survey of a proposed waterway
from Chicago to Saint Louis, heretofore reported; it shall also report whether; other
plane of Improvement can be devised by which the probable demands of traffic
present and prospective,,can be adequ.Ately mot, and the sum of one hundred and
ninety thousand dollars, or so much thereof as may be necessary is hereby appro
priated for the makingof such survey, of which amount only one ii hundred thouspnd
dollars shall be Iavailable, unless in presenting a plan for such waterway it shall be

necessary, in the judgment of said board, to make a survey for a lateral canal or canals;
and the force, plant, and records of the Mississippi River Commission shall be avail-
able for the use of said board in making said examination; and said board shall also
at the earliest date practicable report upon the following:

First. What depth of channel is it practicable to produce between Saint Louis and
Cairo at low water by means of regulation works.

Second, What depth will obtain in such regulated channel at the average stage of
water for the year.
Third, For what average number of days annually will fourteen feet of water obtain

in such regulated channel
Fourth. What increase of depth will be obtained over the natural flow of water in

such regulated channel b an added volume of ten thousand cubic feet per second;
also fourteen thousand culic feet per second,

Fifth. And the board shall consider further the practicability of producing at all
seasons of the year a depth of fourteen feet in such regulated channel by the aid of
locks and dams similar to those projected and in use on the Ohio River improvement,

Sixth, And the said Board shall also report upon any water power which may be
created in the portion herein directed to be surveyed, as well as in the proposed
waterway from Saint Louis to Chicago heretofore surveyed, 'and the value thereof,
and what means should be taken in order that the Government of the Unitqd States
may conserve the same or receive adequate compensation therefore, and uon any
lands which may be drained by the construction of either ofraIdaproposedwaterways,
and shall also report what steps, if any, shall be taken to cause the coat.pf the improve-
ment to be defrayed, in whole or part, by means of such water power or lands.
The membership of this Board at the date of its report was as fol-

lows: Col. W. H. Bixby, Corps of Engineers, president of the Missis-
sippi River Commission; Lieut. Col. C. MeD. Townsend, Cors of
Engineers; Lieut. Col. J. G. Warren, Corps of Engineers.; Mr. Ienry
B. Richardson, member of the Mississippi River Commission, and
Mr. Homer P. Ritter, assistant, United States Coast and Geodetic
Survey, and member of the Mississippi River Commission.

This report has been referred, as required by law, for consideration
and recommendation by the Board of Engineers for Rivers and Har-
bors, organized in pursuance of the provisions of section 3 of the
river and harbor actapprovcd June 13, 1902, and attention is respect-



WATERWAY, ST. I.OUTS TO THE GULF AND CHIOAGO,

fully invited to the report a by this permanent Board dated June 3,
1909, which is also herewith.
These are reports upon a proposed channel to lead from the Great

Lakes near Chicago by way of the valleys of. the Des Plaines and
Illinois rivers and the Mississippi River, to the Gulf of Mexico. The
portion of this route from Lake Michigan to the Misissippi River at
St. Louis was reported upon in 1905 by a special board convened
pursuant to section 1 of the river and harbor act of June 13, 1902.
The greater part of the work performned by the special Board whose
report is now submitted has haid to do with that portion of the route
between St. Louis and the Gulf of Mexico. In order therefore that
the project may be understood in its entirety, it is necessary to con-
sider in connection with the reports transmitted herewith the report
of the special Board submitted in 190.5, and printed in House Docu-
ment No. 263, Fifty-ninth Congress, first session.

In the present reports considJeration is given to various methods of
securing a 14-foot channel to the mouth of the Mississippi River, all
the methods proposed for securing this result being considered by
both boards as practicable from an engineering standpoint, except
the method of improvement by means of storage reservoirs.
The Chief of 1iengineers approves the opinions expressed with re-

spect to the methods of improvement considered witfi the exception
that C long study of the conditions existing on the sediment-bearing
Mississippi River leads him to believe that it will not be practicable to
obtain a minimum depth of 14 feet of water between St. Louis and
Cairo by means of locks and movable dams. The structures might be
built but their efficiehey is problematical, and, in the opinion of the
Chief of Engineers, the chances of favorable operation are very remote.
Nor is the Chief of Engineers prpared to recommend that it is prac-
ticable from an engineering standpoint to secure and maintain a 14-
foot depth st low water in the section from St. Louis to the mouth of
the Ohio River by any method of op)en-river improvement.
The special board concludes that the most practicable mneans of

obtaininfg and maintaining a navigable channel of 14 feet depth from
St. Louis to the mouth of -the Mississipj)i R6iver is by the combined
method of dredging and regularization works in the O)Ofl river. The
estimated cost of this plan of unprovemiient is $128,600,000, with
$6,500,000 annually for maintenance after completion of the work.
In order to arrive at a correct understanding as to the estimated cost
of securing a '14-foot channel from the Great Lakes to the Gullf of
Mexico by the route under considerationi it is necessary to add to the

-figures just given those contained Din the report submitted in 1905 for
that portion of the route from Chicago to St. Louis, namely1 $30,097,-
462 for first cost and $310,000 for annual maintenance, giving a total
estimated cost of a 14-foot waterway from Lake AMichigan to the Gulf
of Mexico of $158,697,462, with an estimated annual cost of $6,810,000
for maintenance.
The Chief of Engineers is in accord with the views exp)ressed by the

Board of Engineers for Rivrers and Harbors as follows:
It is not desirable to construct a navigable channel 14 feet in depth from St. Louis to

the mouth of the Mimimippi River, or from Chicago to the mouth of the Mississippi
River.
The present demands of commerce between St. Louis and the mouth of the Mississippi

River are adequately met by the existing projects, having for their object to obtain and
a See page 626.

6



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

maintain an 8-footchannel from- St.Louis to the mouth of the Ohio and a channel of
not less than 9 feet in depth belowthe mouth of the Ohio.
The Board believes that an 8-foot channel from Chicago to St. Louis, corresponding

to the present 8-foot project from St. Louisto Cairo, is the least that would adequately
meet the demands of commerce, and believes such a waterway would be desirable, pro-
vided its cost is reasonable.

Present and prospective demands of commerce between Chicago and the Gulf will
be adequately served by a through channel 9 feet in depth, which may be obtained
without violent changes of existing methods of improvement.

It should be stated that the report of the special board is regarded
as incomplete to the extent that it contains no estimate for channels
of 8 feet depth :and 9 feet depth from Lake Michigan to the mouth of
the Ohio River, and no such estimate is included in the report sub-
mitted in 1905, hereinbefore referred to. However, on account of the
urgent general demand for such information as is available on the
subject the reports are forwarded at this time in their present form.
An estimate will be promptly made, however, of the cost of a 9-foot
channel from Lake Michigan to the mouth of the Ohio River, which
in connection with the present project depth of 9 feet below the mouth
of the Ohio River will provide a depth of 9 feet from Chicago to the
Gulf of Mexico; an estimate will also be made of the cost of an 8-foot
channel from Lake Michigan to theMississippi River at St. Louis, which
latter, in connection with the present 8-foot project for that portion
of the Mississippli River between St. Louis and Cairo, will provide for
a least depth of 8 feet from Lake Michigan to the mouth of the Ohio
River. It is expected that these additional estimates will be ready
for submission to Congress before its next session. The Chief of
Engineers is not prepared to state definitely for consideration by
Congress that the construction of either of these channels is desirable
until after accurate estimates are made.

In view of the widespread interest in this proposed work and the
value and importance of the data furnished, it is recommended that
these reports and the accompanying maps and other appendixes be
printed in their entirety.

Very respectfully, W. LJ. MARSI1AILL
Chief of Engineers, U. S. Army.

The SECRETARY OF WAR.

REPORT-BY A SPECIAL BOARD OF ENOINEERS ON SURVEY OF MiSS-
ISSIPPI RIVEDR FROM ST.T LOUIS, MO TO ITS MOUTH, WITH A VIEW
TO OBTAINTNG: A NAVIGABLE CHA1NNEL, 14 FEET, DEEP AND- OF
SUITABTE WIDTH INCLUDING A CONSIDERATION OF THEK SURVEY
OF A PROPOSED WATEJR\WAY FROMN CHICAGO ILL TO ST LOUIS MO',
HERETOFORE REPORTED UPON, AND A REIORTAVITH1 R'EFVRhNCE
TO WATER POWER AND TO LAND DRAINAGE ALONG THE ROUTES
HIEREIN MENTIONED.

ST. LOUIS, Mo., March 20, 1909.
SiR: The Board created by act of Congress approved March 2, 1907,

to ILake an examination of the Mississippi River from St. Louis,
Mo., to its mouth, having completed the investigations and studies
assigned to it, has the honor to submit the following rIeport.The constitution and duties of the Board are set forth in the por-
tions of the act of Congress referred to, reading:
An Act Making appropriations for the construction, repair, and preservation of certain public works on

rivers and harbors, and for other purposes.
Be it enacted by the Senate and House of Repreaentatives of the United States of America

in Congress assembled, That the following sums of money be, and are hereby, appro-
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* WATERWAY, ST. LOUIS tO THE GULF AND CHICAGO.

printed, to be paid out of any money in the Treasury not otherwise appropriated, to
bo immediately available, and to be expended under the direction of tho Secretary of
War and the supervision of the Chief of Engineers, for the construction, completion,
repair, and preservation of the public works hereinafter named:

* * * * * * *

The Secretary of War may appoint a board of five members, to be composed of three
members of the Mississippi River Commission, one of whom- shall be the president of
such commission and two engineer officers of the United States Army, to examine
the Mississippi Wiver below Saint Louis and report to Congress, at the earliest date
by which a thorough examination can be made, upon the practicability and desir-
abillityof constructing and maintaining a navigable channel fourteen feet deep and of
suitable width from Saint Louis to'the mouth of the river, either by the improvemennt
of said river or by a canal or canals for part of said route, In its report the board1shall
cover the probable cost of such improvement the probable cost of mainitenance, and.
the present anal prospective commerce of said waterway, both local and general, up-
stream as well as downstream, and the id board may consider in connection with the
examination herein provided' for, -:the survey of a proposed waterway from Chicago to
Saint Louis, heretofore reported;, it shall also report whether other plans of improve-
ment can be devised by which the probable demands of traffic, present and fprospec-
tive, can be adequately met, and the sum of one hundred and ninety: thousand dollars,
or so much thereof as may be necessary, is hereby appropriated. for the making of such
survey, of which amount only one hundred thousand dollars shall be available, unless
in presenting a plan for such waterway it shall be necessary, in the judgment of said
board, to make a survey for a lateral canal or canals; and the force, plant, and records
of the Miissippi River Commission shall be available for the use of said board in
making said examination; and said board shall also at the earliest date practicable
report upon the following:

First, What depth of channel is it practicable to produce between Saint Louis and
Cairo at low water by means of regulation works.
Second. What depth will obtain in such regulated channel at the average stage of

water for the year.
Third, For what averse, number of days annually will 'fourteen feet of water

obtain in such regulated channel.
Fourth, What increase of depth will be obtained over the natural flow of water in

such regulated channel by an added volume of ten thousand cubic feet per second;
also fourteen thousand cubic feet per second.

Fifth, 'And the board shall consider further the practicability of producing at all
seasons of the year a depth of fourteen feet in such regulated channel by the aid of
locks and dams similar to those projected and in use on the Ohio River improvement.,

Sixth. And the said board shall also report upon any water power which may be
created in the portion herein directed to be surveyed, as well sa in the proposed water-
way from Saint Louis to Chicago heretofore surveyed, and the value thereof, and what
means should be taken in order that the Government of the United States may con-
serve the same or receive adequate compensation therefor, and upon any lands which
may be drained by the construction of either of said proposed waterways, and shall
also rert,what steps, if any, shall be taken to cause the coat of the'imiprovement to
be defrayed, in whole or part, by means of such water power or lands.

* * * * * * .*..

Approved, March 2, 1907.

To comply with this law, the following order was published by the
Chief of Engineers, U. S. Army:
SPECIAL ORDERS, WAR DEPARTMENT,

- OFFICE OF THE ClHIEF OF ENGINEERS,
No. 10. jWashington, March 16, 1907.

By authority of the Secretary of War, and in accordance with the provisions of the
river adid harbor act of Mlarch'2, 1907, a Board to consist of the following-named officers
of the Corps of Engineers: Col. Clinton B. Sears president, Mississippi River Commis-
sion Lieout. Col. William U. Bixby, Lieut. Col. Curtis McD. Townsend, and the fol-
lowing members of the Mississippi River Commission: Mr. Henry B. Richardson, and
Mr. Homer P. Ritter, Assistant, U, S. Coast and Geodetic Survey, is hereby appointed
to examine the Mississippi River and report as prescribed in the said act.
The Board will assemble at St. Louis, Mo., upon the call of the senior member and

is authorized to visit such other points an it deems necessary for the proper perform-
ance of its duties.
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WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

Upon the completion of the duty assigned them, the members of the Board will
return to their proper stations,
The travel directed is necessary in the military service.

* * * * * *

By command of Brig. Gon. Mackenzie:
FRED1ERTo V. ABBOT,

Lieut. Cot,, Corps of Engineer.
By Special Orders, No. 13, of the same Series dated March 28, 1907

Capt. G.Ri. Lukesh, Corps of EngingXieers, U. A.' Arxmy, secretary and
disbursing officer of the MissisippilRiver Commission, was detailed
as recorder and disbursing officer of the Board.

Subsequently, by authority of the Secretary of War, the following
changes occurred in the personnel of the Board:

Col, Wmn. 1H. Bixby, (Jor )s of Engineers, U., S. Army,ipresident,
Mississippi River Commission, became on April 25, 1908, senior
member of the Board, vice Col. Clinton 13. Sears, Corps of Engineers,
U. S. Army, president, Mississippi River Commission, on account of
absence oil eave Of tie latter because of illness, and in anticipation
of his retirement from active service ;on June 2, 1908. To fil the
vacancy on the Board thus caused, Lieut. Col, James G. Warren,
Corps of Engineers, U. S. Armny, was appointed.

Onl Novemluber 30, 1908, Capt. G. R. Lukesh Cors of Engineers,
U. S. Army, was relieved by First Lieut. C. H. Knight, Corps of
Engineers, I. S. Armny, as disbursing officer of the Board. Captain
Lukesh continued as recorder of the Board.
Having been unable to make the necessary investigations and

studies in time to complete its report by the first Monday in Novem-
ber, 1908, the Board so reported to the Chief of Engineers, with
reasons, on October 16, 1908, to comply with the paragraph of the
act referred to, reading:

All surveys and examinations provided for by this act, and the report. thereon
shall either be comnploted on or before the first Monday in November, nineteen hundred
and eight, or olse a proilminazy report be made in which the reasons for delay shall be
stated: Prowided, That all reports of preliminary examinations and surveys which may
be prepared during the recess of Congress, and be ready for printing, shall, in the
discretion of the Secretary of WVar, be printed by the Public Phuter as documents of
the following session of Congress.
On November 25, 1908, the Board submitted a progress report of

its operations to that date.
While the Board has been aware of the importance of submitting

its conclusions at as early a (inte as practicable it has considered the
problems assigned to it of such vast importance to the country and so
difficult of solution as to warrant most careful 'consideration in pre-
paring a report. A report of field and office operations underttho
Board is given in ApI)ndn(lix No. 21. To comply with the Board's
interpretation of the law, required surveys and investigations that
necessarily involved a greater time than was at its disposal prior to
the first Monday in Novoember, 1908. These surveys were completed
in January, 1909 and the Board has submitted its report as soon as
it was practicable to analyze the data before it and formulate its
conclusions.
The data of the Mississippi River Commission, placed at the Board's

disposal by law, give much valuable information in regard to the
physical characteristics of the entire stretch of river under considera-
tion, and the records of the United Statea-Engineer Office at St. Louis

8



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

added much for the portion from St. Louis to Cairo. The Board,
however, found it necessary to augment such information by a com-
prehensive survey of the river between St. Louis and Cairo, including
topography, hydrography, and an investigation of the depth of beld
rock and character of overlying strata; to extend this survey over the
entire breadth of the alluvial valley from St. Louis to Cairo; to initke
a survey 9f caving banks between Cairo, Ill., and the mouth of the
Red River, and, also to determine the number of bars below- Cairo
having less than 14 feet channel depth.
The survey above Cairo was begun with all available plant and

field work covering some 200 miles of river and 600 square miles of
valley with 136 borings, part in tCle river and part on lund, was fin-
ished August 10, 1908. Below C'airo the work could not be com-
pleted until the end of the dredlging season, in January, 1909.

DESCRIPTION OF THE MISSISSIPPI RIVER.

The physical characteristiics of the Mississippi River are described
in Appendix No. 1 of this report. Most of the matters bear directly
on the subject of the Board s investigations, an(l a few of the more
important points follow, but attention is invited to the entire state-
ment as worthy of notice in connection with this report, This state-
rhent covers thie following features: Drainage area of the river, its
extent, precipitation, soil, etc.; influence of ice on navigation and
works of improvement; thickness of alluvium' extent of the alluvial
valley; lengths and direction of different stretcefs of the river; widtis
and variation in wi(lthS of the river, slope of surface at high and low
water; depths and changes in depths; floods; volumes of discharge
at various points along the river and on the tributaries; se(liment in
suspension, and character of, bed and banks of the river with special
attention to caving and erosion, their causes, rates, and effects on the
regimen of the river an(l channel depths.

Attention is especially invited to the following points of this
statement:
As to climate; the table of precipitation at selected stations in the

drainage basin, compiled by the Weather Bureau from records of
sixteen to sixty-two years, shows that the seasonal and geographical
variation iin the rate of precipitation in the different secondary basins
is very great; for examVle, in the Missouri Basin for a period of
twenty-seven years the.January and February precipitations averaged.
but 0.7 inch each, while for Juno they averaged 5.3 inchles. The
minimum mean monthly rate in that basin, 0.7 inch in January and
0.7 inch in February, corresponds to a minimum of 2.6 inches in the
Ohio Valley at Cairo Ill., in September and the same-in October at
Chattanooga, on the Pennessee River. The minimum mean monthly
rate shown occurred in the Missouri Basin as mentioned above and
the maximum occurred in the Central Basin at Helena in April, 6.7
inches a well as at New Orleans in June. The minimum mean
annual rate is given at 19.8 inches at Dodge City, Karis. in the Arkan-
sas Basin, and the maximum at 60.3 inches at New Orieans. In the
winter months the precipitation at the northern sources of supply is
very light and at the southern it is very heavy.
The records of the United States Weather Bureau of rainfall at the

various stations in the Misgissip)pi Valley are quite complete for
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10 WATERWAY, ST. LOUTS TO THE GULP AND OfHICAGO.

recelit years butt however coplelete theyintay be they an afford
only a 'partial fl(.dXofthe amount ofwinter deliveredit() thestreams;
perm&,1biity of soil, temperature of the-airx'ai(l1ndmany other conditions
affecting percolation' and evaporation, being factors in(leterli'nning
the ratio of precipitation to river disch'rie. "Thus the Ohio Valley
is very different in this respect from the Afl.ssoutri, where owing tothe
highly absorptive sandy soil andl drying winds, a miuchsmaller per-
centage of tho rainfall flnds its way to thio maitn river.
The Mlissouiri, notwithsta(linil theitilmilentiseareaof its baslln, is less

important than the upper Mississip)pialid theOh1io rivers, as concerns
tihe volumeof flow throughout thieyear, but itsl1(oo volumie is flrge;
and it colitributes more sedlliment than tinyoth(l tributary,

Ice influences extendias far southias Mlemriphils andat great intervals
eVten farther, interruptiing navgation aIt St. oi.sall)about one month Ia
year, but they decrease itslmore southern latitu.desItrereche(l, until
below Cairo interruptions occur in but occasional years, and for but A
few weeks.
As to soil and foundations; itapp))ears thatthe avra (lepth of

bed rock below low water is between 50 and 100 feOt between St.
Louis an(l Cairo and niuch reliater below Cairo. The nim.rgin for
securing a 14-foot waterwayl)y(leepeuing its chninnel is thus alimple
without recourse to rock excavation. Only at on0e l)lace, between
Thebes, Ill., and Commerce, Mo., was bed rock disclosed within 20
feet of the low water surface, and even there it appeals that there is a
margin of at least 17 feet blow 'low water over a width of at least
500 feet. On the other hand, the overlying strata were found to be
unsuitable as foundation for slichlhetavy structures as fixed damis;
and only in the stretch between Thebes and Commnerce where this
bed rock existed near low water, could suital)le foundation be found
ata practicabledepth.
Asto the hydraulics of the river; the variation in the low and high

water widths along tile course of the river i's (3xti-oimo. Above the
mouth of the Ohio River low-water widths have beenl found ranging
from 650 feet to 4,000 feet, and bankfull widths froin 1,55() feet to
6,800 feet. Below Cairo low-water widths range from about 1,000
feet to about 6,000 feet, and bank-full widths from less than 2,000
feet to over 10,000 feet.
The area subject to overflow has been much decrlused of late years,

especially below Cairo, by the construction of levees. It was for-
merly 1b0UL5 miles in width between St. LOUis, M'o., and Grays
Point, Mo., where the bluffs 'on either side come close-to the river
banks and continue so as far as Commerceo; below Commerce the area
subject to overflow averaged some 40 miles in width, btt through the
restriction of floods by levees the area above Red River is now but 5
to 10 miles wide, except at tile mouths of the larger tributaries where
the levee system is iflcompfllte.
The average slope of stretches of the river at high and low stages is

given in Appendix No. 1 in tal)ilar form. Reference to the table
shows the maximum slope to occur between St. Louis and Cairo,
about 0.6 of a foot per mile, gradually decreasing to a high-watei
slope of about 0.2 foot and low-water slope of about 0.025 foot
between Red River and ('arrolltoen, La. Below the latter point the
low-water slope is eclipsed by tidlal oscillations and the high-water
slope is about 0.1 foot pler luile.
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The average d(lpths along the thalweg of the stream are at low
water about as folMows:

St. Louis to Cairo............................................ 18
Cairo to M h............................... 31
Momphio to V ickHbrg.37................ ... ... ... ... 37
Vickkburg to Rod Rtivor......................................... 48
Red River to New Orleans............. 84

A natural 14.foot channel obtains between St. Louis and Cairo for
an average period of about one- anrl one-llalf inontlq, d(luring thle
months of April to July. Below Cairo the Jeriod is u11hl gretitcr,
lasting from about Jaullary to July, sometimes l)egimning in IDecemiber
and sometimes lawling into August.Descriptions of the various ci asses of caving banks found along tfle
Mississippi River llre also given aund the geineral subject of formation
of river bars, rise and'fall of river bed during changes of water stago,
and erosion of banks is treated at considerble lengthl, oil, account of
the importance of this .subject in relation to the iinpl)Ioonlent of thle
river, It is an iml)ortant fact that a rise in stage (does not produce a
corresponding increase in channel 1edeth, for oxfnl1)le, a 22-[oot stage
of water at St. Loinis does not produce more than 14 feet available
depth between St. Louis and Cairo.
The maximum and minimum observed discharges of til sIlississippi

at Grafton, St. Louis, Columbus, Helena, Arkan-11sais City, Vicksbti',
Red River Landing, and Carrollton, nalso of the following tril)uitanies,
Missouri Ohlio, St. Francis White, Arkanss,Ysajoo, Red, Otiacllitfl
and of tihe Atchafalaya wiil be found tal)ulated in Appen(lix No. 1.
All available (IiseQllirge data for the Mississippi River betwee0On Grafton
and Red River will be found tabulated in Appendix No. 18.

PRESENT PRO.JlECrs FOR IAIPlrOVEMIENT.

Projects now in force, an(l those in force in past years for the
improvement of the river below St. Louis an(d the amounts 1ereto,-
fore expende(l in connection therewith are given in Appendix No. 2.
From it the following extracts are taken:
Between St. Louis and Oairq.-The )resent project is that adopted

in 1881 approved by letter of the Chief of E1nlgineers (ldted March 31,
1881, with soline later modifications relative to temporary expe(lients.

This project contelmrplated thle confinement of the flow of the river
to a single channel having an apl)roximate wi(dth of 2,500 feet at bank-
full stage, thiq result to be so8Uglt by closing sloughs and secondary
channels and by building out now banks where the natural width is
excessive, using for this purpose permeable dikes or hurdles of pilinlgr
to collect and hold the solid matter that is held in suspension, or
rolled on the bottom of the river; the banks both new an(d bld to b)e
revetted or otherwise l)rotected where necessary to secure permia-
nency. The object of the il rovemenlt was to obtainultimately
a minimum depth, at standard. low water, of 8 feet from St. Louis to
Cairo.

AModifications of the project in the river and harbor acts of 1896 anel
1902 provided that, pending the completion of the plrianent im-
provement, the low-water clannel would be improve by the use of
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12 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

dredges and other temporary expedients, but the river and harbor act
of March 3, 1905, made a radical departurefroin the project above out-
lilne~d, practically confining the work of improvement. to dredging,.
By joint resolution of Congress approved June 29, 1906, the becre-

tary of War was authorized to expend available balances for the re-
pair or completion of improvements underway,'or for the construc-
tion of other works in accordance with general plans already made or
al)Rroved.
The river and harbor act of March 2, 1907, reaffirmed dependence

upon dredging as the principal means of improvement; although, as
subl)si(iary thereto, it provided also for the maintenance and repair of
existingtworks of permanent improvement, and finally for the con-
struction of similar works with any portion -of the appropriation not
necessary for the accomplishment of the improvement by dredging.
But as the annual appropriation was reduced to about 40 per cent of
that theretofore made, the expenditure in any one year being limited
to about $250,000, the only work in present progress is that of
dredging.'

Between the.:Ohio River and the Head of Passes.-The improvement
of the Mississippi River below Cfairo has been in charge of the Missis-
sippi River Commission since 1879. The original project submitted
by the commission provided for the narrowing of the low water chan-
nel way to an approximately uniform width of 3,000 feet by means
of dikes and the revetment of caving banks; these works to be sup-
plemented by levees to confined the flood discharge of the river approxi-
mately to its river bed.
The work of improving Plum Point and Lake Providence reaches

was undertaken, and the highly beneficial results obtained in im-
proving channel depths in those reaches confirmed the soundness of
the theory upon which the work was based, but also demonstrated
that the permanent improvement of the channel by contraction and
revetment works would necessarily consume a long. period of time,
The act of Congress approval June 3, 1896, authorized the use of

hydraulic dredges for obtaining and maintaining a channel i'n the
Mississippi River below Cairo with a width of 250 feet and a depth
of 9 feet throughout the year, except when the river is closed by ice;
and since their construction 10 hydraulic dredges have succeeded in
maintaining the project depth and width except for short periods in
1903, 1904, and 1908.

PRACTICABILITY OF CONSTRUCTING AND MAINTAINING A NAVIGABLE CHANNEL
14 FEET DEEP.

The survey for a 14-foot;,waterway from Chicago to St. Louis,
which the Board is to consider in connection with its report,fpro-vides for a channel in the Illinois River with a bottom width of 200
feet and in the canal section a width of 160 feet. For the gentle
slopes that will exist in the Illinois River and in the canal the
Board is of the opinion that these widths will afford a channel that
it is practicable to navigate, but that to provide as effective naviga-
tion in the swift currents of the Mississippi will require channel
widths not less than 500 feet.
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To obtain and maintain the 14-foot channel on which the Board
has to submit its report, the following methods have been suggested
and considered:

First. Dredging.
Second. Reg larization,
Third. Canalization with movable damn.
Fourth. Canalization with fixed dams.
Fifth. Lateral canals.
Sixth. Reservoirs.
Seventh. Combination of methods.

Dredging.-The surveys of the Board show that between St. Louis
and Cairo there existed in 1908 as niany as 68 localities that would
require dredging to obtain a 14-foot channel Wad that to dlredae a
channel 500 feet wide and 14 feet deep at low water would necoessi-
tate the removal of 35,000,000 cubic yards of material, Channels
thus formed would have a tendency to refill not only on every rise of
the river, but on any change in the regimen such as would be pro-
duced by an ice gorge, so that extensive dredging operations would
be required not only on a falling river, but every spring on the opening
of navigation.
To cover such dredging a project has been prepared which shows

that to insure the maintenance of such channels, so that navigation
will not be obstructed, would require a plant capable of removing
about 17,500,000 cubic yards per month. This would necessitate
the acquiring of 20 dredges of the type at present used on this
stretch of river, with its accompanying lilant, at an estimated cost of
$6,000,000. The cost of operating and maintaining such a plant is
estimated at $2,000,000 per year. The estimates are based upon
ten years' practical experience with the St. Louis engineer district
dredging plants in this part of the river. Details of this project will
be 'found in Appendix No. 4.
From Cairo to the mouth of Red River, below which an ample

depth of channel exists the surveys made by the Board showed 42
localities in 1907 at which dredging would have been required to
obtain a 14-foot channel, and 88 localities (luring the season of 1908.
The period during which dredging operations are required to main-
tain channels is, however, much shorter in the lower river than above
Cairo.
To cover such dredging a project has been prepared which shows

that a 14-foot waterway can be maintained between Cairo and Red
River by 28 dredges, with their accompanying plant, at an estimated
first cost of $9,000,000 and an annual expenditure of $2,100,000 for
operation and maintenance. These estimates are based upon many
years experience of the Mississippi River Commission in this Dart of
the river. Details of this project will be found in Appendix NT. 9.
Re krization.-Both the project of 1881 for improving the river

from St. Louis to Cairo and that of the Mississippi River Commission
from Cairo to the Gulf originally provided for its improvement by
partial regularization. The river was to be confined to a single
channel, caving banks revetted, and the width of channel contracted
in wide reaches. - By these means the motion of bars downstream was
to be prevented and the river currents given such directions as to
maintain the proposed depth over the bars, which for the portion of

-13
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the, river between Cairo and St. Louis was to be 8 feet and below Cairo
10 feet. These projects contemplate no violent change in the regimen
of the river, which is allowed to follow the sinuous course to which it
naturally tends, with deep pools in the bends, and on the crossings
bars which rise and fall with variations in gage height.
There is an ampll)le water supply for a channel 14 feet deepand 500

feet wide from St. Louis to the Gulf at the lowest stages of the river
annd on existing slopes, but great care will have to b" exercised in
maljing so great a contraction- as would be necessary to confine the
river to a 14-foot channel. As a river is reduced in width and in-
creased in depth a inuch smaller proportion of the dischargee comes in
contact with the river bed, and? the velocity of the river currents
rapidly increases. A condition soon obtains where instead of ihe bar
being alternately scoured out and filled up as the river discharge
decreases and increases, there is a constant scour. The dam which
nature has placed between the pools is then destroyed. The material
which formed this dam is washed into the lower pool, tending to raise
it, while the upper pool tends to fall to the same level. If those dams
between pools were destroyed for long distances, as between St. Louis
and Cairo, a very serious change in the regimen of the river would
result. Its slope, would be diminished immense quantities of ma-
terial would be washed down into the lower river, adding enormously
to its bars, filling uip its pools, raising its flood levels, and making
necessary expensive ad(Iitions to its levee system; and falls or rapids
might be created at the Chain of 'Rocks above St. Louis, which would
be destructive to the navigation of this portion of the river.
A comparison of discharge measurements taken at St. Louis in

1880 and 1881 with those taken in recent years, 1900 to 1904, which
are 'shown graphically in Appendix No. 17, indicates a tendency
toward the lowering of the river bed at St. Louis under the existing
project, and if the river is further contracted so as to obtain and
maintain a depth: of 14 feet without dredging, it will be necessary in
some manner to limit the process of bar deepening described above.

For this purpose a project has been prepared which proposes to
remove local irregularities in the'regimen of the river from St. LouIS
to Cairo. Above Commerce the river is to be given a uniform mini-
mum width of 500 feet fat a depth of 14 feet below a zero stage, a
width of 1,700 feet at the zero-stage, and 3,000 feet at the bank-fll
stage for most of its length. The bars are to be scoured or dredged
to the required depth and the pools are to be filled or allowed to fill
so as to produce as nearly as practicable a uniform slope of 0.55 of a
foot to the mile, which is the present average slope from.St. Louis
to Commerce. Below Commerce the bottom width is to be 500 feet,
the width at a zero stage 1,600 feet, and at a bank-full stage 2,750
feet, with a uniform slope of 0.76 of a foot to the mile, which is the
present average low-water slope between Commerce and Cairo.
To prevent a further deepening of the river, it, is proposed to con-

struct submerged dams of brush and rock, whose crests will conform
to the section it is desired to give the river below the zero stage,
these dams to be spaced at distances varying from three-fourths to
5 miles. The river is to be contracted above how water by permeable
and solid wing dams as in the existing project and caving banks are
to be revetted; but more care is to be exercised in producing uniform
slopes in the river bed for the purpose of directing in the proposed
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channel at all stages, the portion of the river current having the
maximumvelocity.
By this method of improvement considerable dredging will be neces-

sary during the first few years of work; but the amount of dredging
wil rapidly diminish as the improvement nears completion. The
estimated cost of the work is $53,216,480 including maintenance
during construction. After completion the annual cost of mainte-
nance is estimated at $500,000. These estimates are based upon
over twenty-five years' practical experience with partial regulation
in the St. Louis engineer district. Details of this project will 'be
found in Appendix No. 5.

Canaizatiwon-uth movable dams.-In further compliance with the
resolutionot Congress the Board has considered a plan for obtain-
ing at all seasons of the year 14 feet in the river between St. Louis
and Cairo by means of locks and dams similar to those projected
and in use on the Ohio River. This project provides for the con-
struction of locks and dams at localities shown on the maps of the
Board's survey. The locks have interior dimensions of 600 by 80
feet, conforming to the dimensions of the locks on the 14-foot water-
wayproposed from Chicago to St. Louis. Themovable dams have
navigable passes closed by Chanoine wickets having a length of 19.5
feet. These wickets are 1 foot 8 inches longer than those used on
the Ohio River; which provide for only a 9-footniavigable channel
and are therefore larger than any that have heretofore been built for
rivercanalization. The regulating weirs constituting the remainder
of the (lam will also be closed byClanoine wickets of varying lengths.
The estimated first cost of this project is about $25,000,000, and

of its maintenance about $400,000 per year. These estimates are
based upon many years' practical experience with similar dams on

the Ohio River. Details of this project will be found in Appendix
No. 6.

Canalization' with fixed dams.-The Board has had an extensive
system of borings made throughout the valley from St. Louis to
Cairo, and has found but one locality where satisfactory foundations
for masonry dams exist except at depths so great as to preclude
economic construction. Between Thebes and Commerce a limestone
foundation underlies the river within reasonable depth, and a high
masonry dam could be constructed that would materially reduce the
slopes that exist in the river above as far as St. Louis.
When first constructed such a (lam would give the desired 14-foot

waterway, but as the reduction in slopes and increase in area of cross
section of the river would necessarily diminish the velooity of dis-
charge, there would be a deposit of sediment which would rapidly
fil the reservoir thus created. The existing slopes have resulted
from natural laws which would remain in operation after the dam
was constructed, and the ultimate effect of building a solid masonry
dam at this locality would be to raise the entire bed of the river
above. Such a dam. would moreover largely increase the height of
floods, and the cost of the land it would be necessary to condeni
would add enormously to the cost of the work.
But if instead of a solid masonry dam which allowed water to flow

only over its crest, there were constructed a dam with large openings
through it, controlled by suitable valves, through which the entire
river discharge could pass even at extreme floods, a large amount of
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the sediment instead of being deposited above the dam would flo~w
through it. There would, however, still be a tendency for the river
bed above to rise, but: at a' greatly reduced rate.
The amount of dredging that would be required to maintain a 14.

foot waterway under this project would be no greater than with the
system of movable dams above described, and this project would
possess theou eat advantage Ithat it would develop water power
which could beuiie fr industrial purposes.
The Board has investigated in a general way the possibilities of

such a project. It has ascertained that suchV a dam wouldcauIse to
be flooded 30 towns and villages in the M$:Mississippi Valle7, over
240,000 acres of farming land, and over 220 miles of railrau. It is
believed that the mere cost of this property would exceed the total
cost of the system of movable dams described: above. Therefore no
project nor estimates for such a dam; have been submitted.

Lateral-canal8.-The Board has also had estimates prepared for the
construction of a lateral canal on the Illinois side of thee river, from
the terminus of the proposed Alton-St. Louis canal to Cairo. The
canal is planned to have a bottom width of 160 feet and slop of one
vertical to two horizontal. The locks are to be constructed of con-
crete and to have clear interior dimensions of 80 by 600 feet. For a
single continuous canal the first cost of the work is estimated at about
$102,00(0,000, and the annual cost of maintenance at about $600,000.
A large item in the cost of such continuous canal consists of the land
damages and cost of bridges in the vicinity of East St. Louis, and the
cost of the very heavy excavation on the Illinois" side through bluffs
above and below Chester and also through the gorge of the river
between Thebes and Commerce, and the cost of an aqueduct bridge.
across the Kaskaskia River. By crossing the river to avoid the
heavy excavation near Chester and the aqueduct over the Kaskaskia
and placing a short section of the canal on the Missouari side of the
river, the first cost of the above canal project can be reduced to about
$76,600,000. These two projects have not been worked out in detail
because the costs were considered excessive.
By using a portion of river near East St. Louis, another portion

opposite the Kaskaskia and Chester, and a third from near Cape
Girardeau to Commerce, the cost can be much further reduced.,
Careful estimates of cost have been made for such a combined canal
and river route with three canal sections connected with three river
sections in pools held up by dams, the canals being located entirely
on the Illinois side of the river.

According to this latter project there:are 18.1 miles open river from
the Eads Bridge to the Meramec River, thence a canal 39.8 miles in
length to the: Kskaaskia River, thence open-river navigation for 16.1
miles to the foot of Craims Island, thence a canal 45.2 miles to head ot
Devils Island, thence 18.9 miles of open-river navigation to Com-
merce, thence 15.5 miles of canal to Pond Lily Crossing, and thence
by river to mouth of Ohio River 7.7 miles, the river navigation to be
secured by three movable dams. The location of the works is shown
on the maps accompanying this report. The estimated first cost is
about $36,000,000, and the annual cost-of maintenance about $450,000.
The estimates conform to the same general conditions as to construe-
tion and prices as were adopted for the similar proposed canal from
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Alton, III., to St. Louis, reported. upon in 1905. Details of these
projects will be found in Appendix No. 7.

Rese'votirs.-The theory of the method of improvement of a river
by reservoirs is that the flood waters can be impounded in large
quantities at the headwaters of the streams in such way as to reduce
flood heights ini the lower reaches of the same streams; and that these
waters, stored until the low-water season, can then be so (lischarged
as to raise the low-water surface of the river and increase the navifa-
ble depths. This method of improvement was introludtled many
years ago on the upper M1issisippi River above St. Paul, and five
reservoirs have been built with:'an areat of 480 square miles, and a
storage capacity of over 93 000,000,000 cubic feet. More reser-
voirs and more storage capacity were at first recommended, but so
far Congress has not considered favorably the extension of the system.
This system of artificial reservoirs is one of the largest in the world
so far constructed for regulating river discharge for navigation PUPsposs, and yet the increase in height thereby obtained at St. aul
during the low-water period, about ninety days, averages only 14
inches, the results so far noted ranging from 40 inches maximum
increase in height in 1900 to 5 inches minimum increase in 1903.
The river at St. Paul has a low-water width of only 400 feet and an
average low-water discharge during the' season of navigation of but
2,500 cubic feet per second. The effect of the reservoir system
diminishes as the river becomes wider, and finally disappears at the
head of Lake Pepin, 51 miles below St. Paul.

In order to obtain the effects above-named as reported at St, Paul,
it has been found necessary to commence the discharge of water from
th6 reservoirs considerably in advance of the low-water stage at St.
Paul, owing to the length of time that is necessary for the water to
traverse the intervening river. After the discharge has been com-
nienced at Lake Winnibigoshish, its effect is not specially felt at
Lake Pokegama, the distributing reservoir, 63 miles farther -down-
stream, until after an interval of: twenty-one days at low water, nor
at St.-Paul, 351 miles below Lake Pokegama, until after a further
interval of ten days. In order to use this reservoir system for the
benefit of the improvement of the river below St. Louis, it would be
necessary to commence the discharge at the reservoirs at least two
uinonths before it was needed at St. Louis, and a still greater interval
would be necessary for the benefit of improvement of the river below
Cairo. Experience does not justify such long forecasts, and the
service of the reservoirs would necessarily have to be based on gen-
eral annual averages, an unreliable and unsatisfactory basis. There
have been occasions in the past when unexpected floods in the summer
time would have been aggravated by any large additions from upper
reservoirs. In order that reservoirs may giye reliable service, they
should be so located as to diminish time of water flow to a minimum.
In the case under consideration this would necessitate the location
of the reservoirs in the lower valleys of tbe tributaries, where the
land is of great value, and such location would add enormously to
the C08t of the reservoir system, even if it were practicable.
While this method of improvement has been successful on the

upper Mississippi near St. Paul to the limited extent above described,
a further extension of its application to a river of the dimensions of

H. Doe. 50, 61-1 2 2*
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the Mississippi below St. Louis is attended with serious difficulties
and must necessarily give results much less benelficiall

Theoretically a water supply is available above St' Louis sufficient
to increase largely the low-water discharge of the Mississippi River
at an(d below St. Louis. Special investigations recently made as to
the maximum possibilities of the Mississippi RiVor reservoir system-s
above the mouth of the Missouri River, with special view to wate^;r
power development by privat- parties, gave results shown in Appen-
dix No. 8. It there appears thiat the maximum reservoir facilities of'
the river, including 10,000 cubic feet per second that may come
through the Chicago Sanitary Canal and Illinois 'River, as recon-
mended by the: Internittional Waterways Commission, amount to
about 69,500 cubic feet per second for ninety days, equal to about
1540 000,000,000 cubic feet total storage. -

ioreover, a dam could be constructed across the mouth of the
Illinois River, with a height of only 27 feet above low water, to pro-
duce a reservoir over 227 miles in length in a valley in which over
400,000 acres have been subjbect to overflow in the past during ex-
treme floods.,

Investigations by 'the C6orp3s of Engineers have shown that' such
reservoir systems in theAllgeny Rier13asin wouildclost about $415
per million cubic. feet total storage, in the Motiohgahela River Basin
about $416 and in thie Kanawha River Basin about $370. While the
reservoirs at the headwaters of the Mississippi Riverhavef been con-
structed at low cost, the location of reserv oirs at such points as would
promise any reliable supply of water to the lower river would have to
be under conditions a to cost similar to those just named.

In the Upper Mississippi River near St. Paul ,where the river banks
and bed are of comparatively solid material, anrincrease-of 14 inches,
or even 40 inches, in gauge heights, (oes not produce.sufficient cur-
rent to cause serious motion in the gravel bars which' there largely
form the bed of the river, so that the' increase in (lepth produced ne-ar
St. Paul is a-direct function of the 'river discharge; but in the Missis-
sippi River below-St. Louis any increase of discharge accelerates the
currents and sets in motion the light sands which constitute its bed,
to the injury of the channel, as verified by a careful examination of a
great number of reliable soundiigs made in the Mississippi River
below St. Louis. The results of these examinations, as shown by
diagram accompanying theyreport on physical characteristics of the
river: (Appendix No. 1) indicate Ubtween St. Louis and Cairo a rise
of the river bed on the controlling bars equal to about one-half the
rise of water stage until at least 14 feet depths are reached, which cor-
responds to a 22-foot stage on the St. Louis gauge. 'Such rise of the
river bed indicates that the maximum of 540 biIlion0 cubic feet total
storage which might be obtained ljy reservoirs in the Mississippi
River Basin from the Illinois River upward could, not maintain
throughout the year more-than 8 feet available depth betweornSt.
Louis and Cairo, the increased discharge from the reservoirs tending
to create a wider channel rather than a deeper one, and being useful,
therefore, -only as an auxiliary to- other methods of improvement.
Toihold the water stage at St. Louis at 22 feetthe stage corresponding
to a controlling depth of 14 feet between St. LouitAnd Cair6, woull
require over -5,000 billion cubic feet annual storage, or about ten
times what has yet been found possible.
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.ambination;of methods.--The Board has con.si(lered the securing
and maintaining of a cIhInnel of 14 feet depth b)etwveen St. Louis and
Cairoftl (oinpl eting thle pOjCt Of 1881 for 8 feet depth and then
secutlring tCle a(lditional 6 feet (lepth by (lre(lgring instead of lby further
contraction. Tlhe, estimatedfl cost of coililpletirig the project is
$21 00,000 (see Appendix No. 3) aind the cost of (IIeciging plant for
obtaining the additional 6 feet is estirnate(l b)N thellord at $3,00,000,
and the cost of maintainingy thle iniproved channel at $1,500,000 per
year.

Considering the stretch of the river below Cairo, a. project has been
prepalre(l to Vsecure permanence of ba-nk lines annd channels (luring
progress of the dredging previously estimate(l, by which s11uch dredg-
ing will be reduced. This work lhs l)een estirnate(' to cost $95,000,000
with an annual maintenance charge (of 5 per cent of the amount
expel(ledl (she Appendix No. 9). The estimate for dredging is
$9,000,000 for plant and $2,100,000 annually for operation. These
estimates are based upon many years' experience of the, Mississippi
River Commission in this part of the river; baut the maintenance of
the l)ank protection so far (lone has included that of much experi-
mental work which has necessarily recjuire(l excessive repair, and it is
believe(I by the Board that ijtlhl cornprellen-sive plan-proposed the
maintenance charge shioul(d be largely reduced; moreover, the cost of
dredging will materially diminishh as the bank protection progresses.
and thle total annual cost of maintenance should not exceefl $5,0(0,000
when the bank protection i's complete.
Dimwino and conclumion 8.-Th0e estimates of cost accompanying

the several pro jedts considered by thle Board have been preparedl with
great care alnd based l1fl-o tile best (lata available. In works of suich
nagr~nitilde of this nature, however, it is niot possible to make esti-
Mates which can bo fairly consi(lere( as more- thaln a)pfoXimationS
of tile 11ost general character.

As already stated, the AMississippi River has in the regular boat
channel at low water an average (ICpth through pools and across bars
of about 18 feet from St. Louis to Cairo, thelice .31 feet to Mlem1plhis,
thence 37 feet-to Vicksburg, thence 48 feet to Red River Landing,
and over 80 feet below Red River Landing. But the dlepths whiCh
control navigation are the depthss over the worst bars; and if all
improvements should be stoppe(ldso as to allow the-river to revert to a
natural condition, such controlling depths would be at low water
about:4.5 feet in the reach from St. Louis to Cairo, and-about 6.5 feet
in the reach from Cairo to Red River.
The quickest and most econotomical method of deepening ny bar is

by dredging, :until the amount of excavation becomes excessive.
The four dredges now in service between St. Louis an(l Cairo have for
many years, through thle entire season of navigation, except occa-

sionally- for a few days, successfullymain4itained a good channel of at
least 8-feet depth th oughout the entire reach. The nine dredges in
service below Riafro have for many years maintained a goo(1 channel
of at least 9-feet depth lindeer similar conditions. The Board con-
siders that these controlling (lepths can, with reasonable certainty, be
increased up to 12 a4nd possibly 14 feet at the lowest stages of water
throughout the reach above Cairo andl to 14 feet below Cairo, in the
manner described under the head of dredging. But any improve-
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ment obtalinied by dredging alone must be recognized as temporary in
its results.

In order to secure permanence of channel in open-river navigation
it must be protected by works of regtilarizAtion, after which h the
annual dredginrg may be reduce( in aifloult and restricted mainly to
emergencies. Phe existing project of 1881, from St. Louis to Cairo,
is one of river regularization, well adapted to this part of the river.
The iloard considers that this 1881 project, if completed as originally
proposed, should permanently increase the controlling d( th at low
water to 8 feet, and that a further increase to 14 feet can be secured
by dredging. But if permanent depths greater than 8 feet at low
water are to be obtained the bed of the river, as well as its banks,
must be protected.
The Board considers that the method of improving the open river

below St. Louis by regularization is feasible, In harmony with all past
successful river improvement in the United States and Europe, can be
applied first to the worst sections of the river, and will gve the best
permanent results to navigation attainable in the river.
The Board does not recommend slack-wate:. navigation obtained

by the use of dams, either fixed or movable, for the river below St.
Louis.
The Board is of the opinion that 14 feet depth can be obtained

with certainty by a lateral canal; but a continuous canal from St.
Louis to Cairo is considered altogether too expensive, a river crossing
would be of doubtful permanence, and the project making partial
use of the river is considered open to the objections applnn to
improvement by dams; the same objections apply more forcibly to a
canal below Cairo.
The Board considers the method of improvement by reservoirs, for

reasons stated under that heading, to be at the P'resent time imprae-
ticable. There is no case on record known to the Board where such
method adopted solely or even principally for purposes of navigation
has given resiultscommnensurate with the expenditure.

As stated later, in the discussion of the desirability of a 14-foot
waterway, the Board is of the opinion that the proposed waterway is
adapted to neither lake nor ocean vessels and that if constructed
would be followed by an immediate' demand for a channel of greater
depth. In case it should become necessary to obtain increased depth,
canals, dams and complete regularization works would have to be
modified under great- difficulties and at great cost. Canal lockl
would have to be rebuilt and canal trunks deepened and partially
relocated. Movable dam wickets, already larger than any yet built,
would become more; difficult of manipulation and their operation
perhaps impracticable, and the substructure would have to be rebuilt.
Cross sills of complete regularization work would have to be taken
out and rebuilt at lower- levels in the channel way} or extensively
raised outside the channel way. In each cae the difficulty and cost
of securing the increased depth wonjtp of course be much greater
than if the extra depth were Obtained aitthe time o first construction.
The method of improvement by partial regulrization, combined with
dredging, will be the method least seriously affected by future changes
in depth, breadth, and location of the navigable channel.
After considering the advantages and defects of all the methods

of improvement proposed, the Board concludes that,'the most prc-o
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ticablemethod of obtaining and maintaining a navigable, channel of
14 feet depth from St. louis to Cairo is b)y the ollnpletion of the
project of 1881 for partial regularization insuch way its to secure a
permanent controlling depth of 8 feet, and then to rely upon dredging
for securing and maintaining any further increase of depth; the side
contraction works to bee so located as to be-in harmony with further
works of improvement by complete regullarization, if in future such
works be found necessary and advisable
The Boaird rejects, as opposed to all reason, all propositions requir-

ing thle abandonment of thlie alre~a(ly gooioJ)el-overnavfigationl or

the substitution of a lateral canal for any p)art of the river below
Cairo.-The.surveys of the130Bolad and Mi.sissilipi River Commission
indicate that nearly 1,000,000,000 cubic yards of material annually
fall into the river from caving banks, an arnountgreatly in excess of
the sediment brought into the river by all its tributaries. While but
a comparatively smnall percentage of thisraterinl isdeposited the

bars, the prevention of such an enormous mass of silt from entering
the river must eventually reduce the amount of dredging require
Nopermanence of channel del)tll or of location of channels, levees
wharves, landing places, or other terminal facilities can be expected
until after the banks have been effectively protected. Dredging and
bank protection, with the addition atcertain localities of contraction
works,.as an auxiliary, will achieve these results which can not be
obtained by dredging alone, and is therefore, in the opinion of the
Board, the most practicable method of improvement.
The estimated cost of this work above Cairo is $24,600,000, and

$1,500,000 per annuum for maintenance; and below Cairo $104,-
000,000, and not exceeding $5,000,000 per annum for maintenance.

PRESENT AND PROSPECTIVE COMMERCE.

The Mississippi River Commission collects and reports annually the
commerce of the river below St. Louis. The Bureau of Statisticsof the
Department of Commerce and Labor makes similar reports of the en-
tire river and tributaries. These reports are considered by the Board
the most reliable-ones obtainable; and extracts from these are given
in Appendix No. 20. During the calendar year 1908 an actual ship-
ment of about 1,300,000 tons of coal came out of the Ohio River, of
which about 180,000 tons went up the Mlississippi:to St. Louis. Out-
side of the Ohio River coal, the average movement of water freight
during the year at, all points on the river between St. Louis and M'ew
Orleans.was about 400,000 tons downstream and 300,000 tons up-
stream. This commerce of the river has been rapidly diminishing
in recent years. The total river tonnage of St. Louis was, in 1886
1,332,885 tons; in 1896, 1,244,175 tons; in 1906, 416,855 tons; and
in 1908, 366,920 tons, of which not over 49,530 tons was with town's
on the Mississippi below Cairo. Tle entire conimnerce of the Mississippi
River system, including all tributaries except the Ohio, was reported
in 1889 as 12,492,535 tons; while in 1906 it was only 4,304,288 tonls;
showing a loss of two-thirds. The 1908 river commerce of the system,
so far as reported, shows a slight decrease as compared with that of
1906, except as to a few of the minor tributaries.
Although, as explained in Appendix No. 20, the Board has sought to

obtain from the commercial organizations along the route from Chicago
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to New Orleans, information as to the prospective commnerce which re-
quires a 14-foot navigtition, it has received very little definite informa-
tion in that direction. No tctual large future clevelop)entltof commerce
is yet in sight. The d(eInand for increased depth appears to be more
conjectural than real, and to be based mainly upon the idea that a.
deep-water channel will of itself cause development of commerce, and
that the, Federal Government should consequently provide depth con-siderably in excess of what is actually nee(led, on the ground that busi-
ness follows facilities, and that the rivers ePnd harbors doing the largest
business and doing it most efficiently: are those that have kept t ieir
facilities ahead of actual reiuirbmentsA.T1'he Chicago publics (see 1909 reports of the Chicago Harbor Coi-
mnissioh) claims that Cicagro is destined to become one of the greatest
commercial and industrial centers of the United States, and that with
its free``acc'ss to the Great Lakes, ancd a deep waterway to the Gulf
it will be able to send to South America and to the Pacific ocean, via
the Panama Canal, large quantities of manufactured -articles (espe-
ciallv those of iron and steel) from factories to be estal)li.shed at the
south end of Lake Michigan. They claimn also that 'the existence of a
14-foot depth outlet from the Great Lakes to.the-ocean through
Canada demilandcs a similar outlet throughtile United States, and that
this should be by way of the Mississippi Valley, and( further, thatt the
opening of a 14-toot route, even to emipty boats, would allow a ttinsfer
of lake boats,now-idle thfi-ough thil nwriter, tosouthern waters,- and so
cheapen and develop coininerce between Gulf ports.
The UpperMississippi public ciilais thata deep waterway from the

mouthof the Illinois River to the Gulf will encourage the shipment
down the Mississippi River of ores and flour from Minnesota and
Iowa, and coal from Illinois, along with: miscellaneous manufacturedgoods. The AMisSouri River Valley public, together with the people
of the States of tile Great Plains, claim that a deepwaterwaybelow
St. Ljouis will, after the Missouri River has been further improved
facilitate the shipment of farm products, oil, and minerals, from the
Western States to the Gulf.

In(dianahas coalwhich it hopes to deliver to a southern market.
The people of the States bordering on the lower Mississippi appear

toclaim that a deep waterway will facilitate the'present shmipments
of coal, steel, and manufactured products from the-Ohio River down
the Mississippi, and will alsoencourage an upstream navigation; at
least asfar asSt. Louis, of ore and otE r minerals from Alabam'Aand
the neighboringStates, as well as cotton, tobacco, sugar, agricultural
implements, fertilizers, and foreign imports; some partiesassuming
that cotton willbe sent for nianufacture tonorthern mills,rather than
to mills to be established later in the South; also that the Mississippi
River Valley, (including theOhio and Missouri), rich in naturalresourcs-sTl sparsely settled anid but little developed compared
with Atlantic States, is susceptible of rapidand great further develop-
ment with influx of population and money.
The St. Louis Lakes-to-the-Gulf DeepWaterway Association and

the St. Louis Merchants Exchalinge (see;letters in Appendix No. 20)
claim that alarge amount oftile commercenow carried by rail parallel
to the Lakes-to-the-Gulf route would be transferred toa deepened
river, andl that this transfer would leave the railroads freeto takeUp
an equal quantity of freight which they are now unable to ain(lr1e
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because of restricted transportation facilities; and also that a deeper
waterway between St. Louis an(l Cairo would bring more coking coal
from the Ohio to St. Louis.
The prospect of an early completion of the Panama Canal also

appears to be a prominent argument for deeper draft, the idea being
generally that this canal will put the Mississippi Valley, in such easy
conneCtion with South America and the Pacific as to cause a great
development of export trade, a large part of which Chicago and St.
Louis hope and expect to conitrols

DESIRABILITY OF A 14-FOOT WATERWAY.

If a 14-foot waterway from Chicago to the Gulf would enable
vessels of the Great LAkes to carry Freight to cities and town of the
Missiiss.ppi Valley and the Gulf of Mexico, and enable ocean commerce
to be carried ups, the river without breaking bulk at N6w Orleans,
both general and local commerce would be greatly benefited.

rThel Board on the survey of a 14-foot waterway frDm Lockport to
St. Louis invited attention to the fact that two-thirds of the tonnage
of vessels entering the Chicago River were of so great a draft that they
would be 'unable to utilize a 14-foot waterwayT if constructed.

This Board has further investigated this subject.
During the season or. 1907 of a freight tonnage of 58,217,214 tons

whi(hplaipssed through tie canals at the Sault Stew. Marie, only 800,000
tons wiere in vessels of a registered draft of 14 feet or less, 10,400,000
tons were in vessels of a registered draft of from 14 to 19 feet, and
47,000,000 tons in vessels of 19 feet registered draft or over, of which
33,000,000 tons were carried in vessels capable of being loaded to
depths exceeding 21 feet. The navigation through the locks at
Sault Ste. Marie was congested, and as many vessels as possible
were locked through the Weitzel lock, which is capable of handling
vessels not exceeding 15 feet in draft; 27 per cent in number of the
vessels passed through this lock having a gross tonnage of 13 per cent,
but carrying only 3 per cent of the total freight F1,772,701 tons).
Most of this tonnage was of vessels without cargoes.
When the Illinois legislature in 1889 advocated a. 14-foot water-

way from Chicago to the Gulf, Canada could reach the upper lakes
by the Welland Canal, 14 feet deep, and the navigation of the
Great Lakes was generally in vessels which might possibly utilize
such a channel, but the rapid increase in depths of the harbors and
channels of the Great Lakes has radically changed conditions.
Since 1902, bulk freighters have been launched at the various ship-
yards of the Great Lakes, having an aggregate tonnage of over
1,500,000 tons, and capable of carrying m a season on the Great
Lakes over 30,000,000 tons Of freight. On a 14-foot waterway
these vessels could barely carry the necessary fuel supply required
for a trip of about 1,600 miles from Chicago to the Gulf.
At the present time the value to commerce of a 13-foot harbor on the Great Lakes

is entirely incommensurate with the cost of maintenance, To be accessible to even
the smaller available vessels, a harbor should have a depth of at least 16 feet.a
During the past twenty years the channels to harbors along the

Atlantic and Gulf coasts have been excavated to even greater depths
than those of the Great Lakes, and but a comparatively small por-

is weo Report of Chief of Engineers, 1908, p. 1965.
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tion of the ocean-l)orne commerce of the United States could utilize
a 14-foot waterway. Nor are ocean and lake vessels as economic
a means of transp)orting products on river-s and canals as barge
tows. Dulle to the nleevssity of buil(ling the ocean vessel of sufficient
strength to resist violent storms her cost in the United States is
about $71 for each ton of freight carried. On the Great LaS1,kes
vessels are exposed to stores of less violence, and the cost is about
$41.50 pci ton of freight (arried. A Mississippi River steamboat
and ten l)aIgeS capable of transporting 10,000 tons of freight on an
8k-foot (diaft can be built for about $12 per ton of freight carried.
A modern lake freigter, moreover, is pooldy constructed for

navigating a tortuous river with a swift current. The ratio of
length to beam is too great an(l the rldder power insufficient. --Such
vessels have been developedd for a special purpose, and while afford-
ing a most economic method of transi)orting freight on the Great
Lakes, would be a failure if employed in either ocean or river
navigation.
The Board is of the opinion that a 14-foot waterway is suitable

for neither existing lake nor ocean vessels; that freight originating
on lake or gulf wIll require transshipment to vessels adapted to its
navtigation, and that its principal value will be to provide for com-
inerce that orhifnattes along its banks, or those of its tributaries,
until the imtrofl'uction of some form of ves.4el a(lapted to all condi-
tions of navigation. When such a vessel shall be designed, there
will be an immediate demand for a channel of greater depth than
14 feet.

WIIhE'ThER, OTHER PLANS OF IMPROVEMENT CAN BE DEVISED BY WHICH
TlHE PROBABLE DEMIANDS OF TRAFFIC, PRESENT AND PROSPECTIVE,
CAN BE ADEQUATELY MET.

It is the opinion of the Board that the present dexnands of traffic
are adequately met by the existing projects for improving the river,
and that only the creation of a commerce, which must originate from
sources that do not at present ship by river, would justify the great
cost of a 14-fo-ot waterway. The present condition of this waterway
appears to have beel generally overlooked, and few people who have
not specially exalfined it realize what has already been accom-
plished.

In the Mississippi River, as at present improved, there usually
exists, and has exiwc:d since 1901, a good navigable channel of at
least 8 feet depth over at least 200 feet width for the 182 miles of
river between St. Louis and the mouth of the Ohio River; and of 9
feet depth and 250 feet width for the 790 miles from the mouth of the
Ohio River to just below the mouth of the Red River; and of at least
30 feet depth and several hundred feet width for the remaining 320
miles to the Gulf. During the low-water season when the shoaling
of some crossing took place suddenly through rapid fluctuations in
river stage at a time when the dredging plant was engaged elsewhere
minor deficiencies in channel depths for short periods have occasionally
occurred. In the winter season navigation has been interfered *ith
by ice for periods aggregating, above Cairo, only about one month
per year, and from Cairo down to Memphis only a few weeks in
occasional years. A good channel of at least 14 feet depth can
usually be found every year betA een St. Louis and Cairo during from
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one to two months, and between Cairo an(.l the Gulf during from five
to eight months.

'l'ho existing, iiprove(l waterway of the Mississippi River below
St. Lottis filly equals, and over the greater part of its extent far exc-els
in (depthll fid (Itdration of ufloi).struc6te(l uise, the existing river systems
of Europe whele the nontli(ldl sections are uistually given depths of
only 3 to 9 feet, 9 feet I)eillg exceptional anId 10.5 feet a maximum.

'Iile immen1011se (ommellrnel( of the Rh inc could be carried more readily
aMd cshe0alply on thle Mlississipp)i to-(Inay thaix on the Rhine, if su cli
comminerce were available for transp)ortation by water and demanded
suc1h transI)ortation.

'Thie decline ill tile commerce of the river has not arisen frofi its
lack of navigability but from thle redluction in amount of material
availai)le for ship)ient. When i large piro)ortion of the grain was
raised east of tlhe river, St. Lollis wvas a nattlnd outlet to grain an(l
other farm pro(dlcts seekin-g Gullf ports, and( a flotirishing commerce
existe(l between St. Loulis an(l New Orleans by water, i)tit at the
present (lay 70 per cent of thlel wheatt and 50 per cenlt of the corn of
the country are raised west of. the3 M1ississipl)i. Kansats City, Omalha,
andR Minneapolis have become thio great grain centers. Grain and
other farm pro(diucts seeking Gutilf ports fin(l t rail line from Kansas
City to Galveston which is cheeralwo than a rail transp'olrtaitioln to St.
Louis increase(l by the cost of rivir transportation from St. Louis to
New Orleans, an(l the only grain that can move (lown thle river is that
locally consume(l along its banks.
The Mississippi River from St. Louiis to New Orleans flows through

a sparsely settled country. . According to the celnsLus of 1900 there
wvas between these points hut one town on its banks of over 15,000
inhabitants (IMemiphis), an(l bult six others with a population exceed-
ing 5,000. The mnantufactuiring in(-lustries, or dleman(ls for manu-
factured articles, in s.o thinly a settled region are slight. There are
no mineral deposits alone, its banks, and its a(gricuiltuiral Produicts are
principally corn, cotton, sugar cane, and rice. The alluvial soil of
the Mississippi Vally, with thle heavy rainfall of this region, renders
its common roads almost imnpassal)le, so that a long lhauil to or from
the river bank becomes very expenlisive, an(I confines the commerce
of the river to those products raise(l or expendled on its immediate
banks.

While the Panama Canal inay have a tendency to divert more
commerce to a northerly and a solutherly direction than heretofore,
it will be principally in hiigh-grade articles, and not in crml3e. products,
which experience has shown are adlalted to water transportation.

Ninety-seven and one-half per cent of the commerce which passed
through the canals at Sauilt Ste. Marie in 1907 consisted of iron,
coal, lumber, and grain. In a thickly settled community, such as
is found along the H-utdson River, a heavy water-borne commerce
may develop in building material, such as stone brick, lime and
cement bit with the small population in the hkississyppi Valley
below At. Louis, the transl)ortatlon of these items woul be insig-
nificant. It is considered probable thait if a deeper waterwvay existed
from Chicago to the Guilf, the, prillcipal additions to existing com-
merce would be coal from Illinois moving toward New Orleans and
lumber from thle Sotlth towVar,1 Chicago.
As was shown in a report on a survey of the Ohio River, I-louse of

Representatives Documnient No. 492, Slxtieth Congress, first session,
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products can be cheaply trajisporte( on barges having a diaft of
81 feet. It has been estiatntedl that coal can be, shipped in bIargues
from Pittsburg to New Orleans oIn a 9-foot canalized river at 0.376
of a mill per ton-mile, while the estinateld cost of transportation on
the ocean in vessels of 21 feet draft is 0.35 of a mill per ton-miile.

Finished products seek rail transportation, and the only effect of
navigable waterways uponl their trans.portation is a possible reduc-
tion or control of freight rates. The existing improvement of-th1e
Mississippi River has flad a marked effect on freight rates between
St. Louis and New Orleans, reducing them nearly to those between
St. Louis and New York. These latter rates have resulted from the
influence of the Great Lakes and the Eric (Canal on the competing
Chicago rates; similarly the influence of the Mississippi River on
soluthleril rates from St. Louris affects those from Chicago south, and
but little reduction can be expected from a further deepening of
the river.
The Board is of the opinion that the developmilent of the water-

ways of the Mississippi Valley into a harmoiliouls system will be of
immense value to the country, but the Ohio Valley has been and
probably will continue to be the line of greatest commerce; and
probable demands of commerce, present an(l prospective, for many
years to come, can, be adequately met by a channel of 9-feet dIepth
between Chicago and Cairo, of dimensions similar to those proposed

for the Ohio River, a project- which requires no violent change in
existing methods of improvyennt, and which will not necessitate
the diversion from the Great Lakes of a water supply which will
injuriously affect the channels through which it's inmmense commerce
passes.

SPECIFIC QUESTIONS OF CONGRESS.

So far as known to tile Board, the greatest (eptih so far sought by
regulation in a nontidal river is 3 meters (9.8 feet), to which depot
the lower Rhine is at present being improved. rile Board is of the
opinion that the Mississippi River from St. Louis to .Cairo is sus-
ceptible of improvement to the same depth; but to obtain a greater
increase in depth by regulation works alone is problematical and
without precedent.
A plate at the end of Appendix No. 1 shows graphically the changes

in the heights of bars due to fluctuations in water stage in tile Missis-
sippi River from St. Louis to Cairo between the years 1896 and 1909
and indicates under present condlitions 1 foot average rise of bar for
every 2 feet rise in the river, giving for the average stage (12.6 feet)
of the river a- controlling depth of about 9 feet, and showing that a
stage of 22 feet is necessary for a 14-foot channel. The conditions
are much the same from Cairo to Red River. Basing its opinion on
the above and other local conditions the Board reports on the spe-
cific questions contained in the act o# March 2, 1907, as follows:

First. It is practicable to produce between St. Louis and Cairo at
low water by means of regulation works a channel of at least 10 feet
depth.

Second. A depth of at least 14 feet will obtain in such regulated
channel at thle average stage of water for tile year, 12.6 feet oh the
St. Louis gauge.

Thlird.3ourteen feetdepth of water will obhiu in such regulated
channel for at least an average of 163 days annually.
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Fourth. The increase of depth which will be obtained by an addedvolume of water over the natural flow in such regulated channel willbe much less than the increase water stages, and between St.
Louis and Cairo this increase in depth at lowlwvater stages will be
not more than 6 inches for 10,000 cubic feet per second nor morethan 8 inches for 14,000 cubic feet per second, while at high-waterstages theiincrease will be less. Below Cairo thing increase in depthwill be muchrelueed for low-water stages and will be inappreciable
at high-water stages.WEh the banks revetted, that the supply of material to thebars is' reduced to a ninimturn, the height which bars will attain(uring floods should materially diminish. On the improved RlhineRiver the ratio of the rise of bar to the increase gauge height isreported as 1 to 3. What the ratio would be an ilfprove(l lissis-
sippi must remain conjectural until actually tested.Fifth. It will not be practicable to produce at- all seasons of the
year a depthdf feet in such regulated channel by the aid of locks
and dams similar to those projected and in use on theOh1ioRiver
improvement without extensive annual dredging.Sixth.Itegarding the water power to be created and the. lands tobe drained in the portion of the MississippiRiver whichthe act of

March 2,1907, directed to be surveyed and the proposed waterwayfrom Lockport, Ill., to St. Louis, Mo., heretofore surveyed, the Board
reports as follows:This Board submits no project for creating water power, nor does
it propose to drain any lands the portion of the dirteted to

be surveyed.The Board which submitted report in 1905Uupon waterway
from Lockport,Ill., to St. Louis, Mo., recognized the riparianlightsofproperty holders and proposeda channelwhich would interferewith those rights as little as practicable, and its pllnsdid not con-template the drainage of

any lands in the Illinois Valley. On the

contrary,the Board invited attention to the fact that the diversion
of 10,000 cubic feet per second from LakeMNfichigan into thellinoisRiver would cause extensive damage to helands subject to over-
flow, for which the sanitary district of Chicago would be liable; andits estimates appear to have beenprepared the assumption that
this district was to settle such claims for damages. Tihe Board

evidentlyconssiered the diversion of than 10,000 cubic feet

per second as unnecessary and undesirable. It furtherstated that

with the limited (lisharge of about 4,200 cubic feet per second whichwas all that had been authorized prior to 1905, 224 suits had alreadybeen brought against the trustees of the district, the claims aggregat-

ing $4,409,180.
A large water power be developed by the diversion of either

10,000 or- 14,000 cubic feet of water per second from La-ke Michigan
into the Illinois River, but its utilization as at present proposed by
the State of Illinois will require radical changes from the projectcontained in the 1905 report, and will involve serious legaldlifliculties
if the Government of the United States attempts to such

power.

An available horsepower, aggregating173,000 between Lockport
and Utica with a discharge of 14,000 cubic' feet per second, is to be

developed under aproj ect submitted by the Internal Improvement

Commission of Illinois, February 27, 1907, and subsequently indorsed
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by the governor and the people of the State; but this pro-ect is a mostra(lical (leparture from the project of 1905, and contemplates a lower-ing of the level of the river below Utica of about 10 feet. The ninelocks of the Board's project are to be replaced by five with a corre-spoing increase in the heights of dams, and while the Board pro-posed to disturb the flood conditions as little as possible, the Stateasserts that "these should be disturbed much possible,} andapparently assumes that the United States will accept responsibilityfor damagescaused by overflow in the Illinois Valley. The proposed
loweringof theriver bed of about 10 feet belowUtica will rendernecessary instead of the excavation of the 27,535,805 cubic yards ofmaterial, estimated by the Board necessarybetween Utica and
Grafton, at first the excavation of some 190,000,000 cubic yardsofmaterial ultimately to be increased to between 300,000,000 and

400,000,000.It is only by some such modified project that the lands in Illinois
Valley can be drained by gravity,: but the Board suggest nomethodby which the cost of the improvement be defrayed, inwhole or in part, by the land benefited. On the contrary, it is ofthe opinion that if the United States accepts such proposition

itmight be compelled to pay for the lands which it would have to

deposit this immense mass of dredged material, and to
pay also for

suppose(l damages from floods.Under such circumstances, the Board considers that thequestion
of land reclamation and of. the conservation of the same between

Chicago and the mouth of theIllinois River, should be leht entirely
to the State ofIllinois; that the Federal Government, should neither

requIire nor accept from the State the sanitary district any paymentfortiny increase in valuation of such lands, and that it should n10way relieve the State the sanitary district from the responsibilityfor overflow of lands by the Lakeichigan waterdiversioh, the costof flowage damages being proper charge against the income from

the available water powers developed by water diversion.The sites available for power purposes the Des Plaines and
Illinois rivers are now owed by the State of Illinois, the sanitary
district of Chicago, large corporations, and private individuals, and

their titles to power rights wll have to be extinguished before theGovernment can intervene to conserve the power it is proposed to

develop. By modifications i
the project submitted by the former

Board that will be in harm ow with its report, this Boardix of the

opinion that 100,000 horsepoyfer san dW u e by thM dirrsion
of
10,000

cubic feet per second.The experience of the General Go Ientnnn power rightshas not heretofore beensuch as 6t Jth hBgninSign ig nin
general a fixed value per horseoet yeattor *hr. Water

powers are reported to havebeedth-b!tde#el overn ment

at rates as low as about $0.65. herhotp 6j erby r 64 the Forestry

Bureau, for the first five yeaft 't th WA&dM 47-tmtnd $0.53
to $2.65 by the War Deparififfefit'."i.oii th i ver,Ohothese low rates being acceptedbeu uset- wr offered. In

other cases, as on the White River, Arkin's' us,power was
available for lease and coal was,sold atabo.t p ii6 car-load

lots, the best offers (not'a acc pted)ho+e 1%6 ti StorO0 to$e per
gross horsepower year. On the other d Itleripoter po 'i~is in

great demand, and be sold in Smnall jutatitiee, a net horqWer
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at the turbines is understood to have brought as high as $75 per year.
Water power is particularly valuable near large commercial centers
like Chicago. The Sanitary District of Chicago and the State of
Illinois, in presenting the matter to the public for vote on the question
of a $20,000,000 bond issue, have valued this water power between
Chicago and the Illinois River as worth at reasonable valuation, $25
per horsepower year, these figures being indorsed not only by the
sanitary district of Chicago, but by the Illinois State Internal Improve-
ment Association and by the governor. Under such circumstances,
it seems proper that the Federal Government should assume, in its
dealings with the sanitary district of Chicago and the State of Illinois,
the principal beneficiaries, that the not horsepower developed by
10,000 cubic feet per second diverted from Lake Michigan should
produce a revenue of $2,500,000 per year.
The Board considers that the property owners along the canal and

Illinois River are' equitably entitled to the water power due to the
natural flow alone of the Des Plaines and Illinois rivers, and that any
power which results from an added flow diverted froln Lake Michigan
belongs to the people of the United States and Canada.
The Board is of the opinion that the-United States will receive

adequate compensation for the water-power created by the diversion
of the water of Lake Michigan now authorized by the United States
War Department to the Sanitary District of Chicago, and the latter
will also be adequately compensated for its expenditures upon canal
anal water power, by an agreement between the United States and
the Sanitary District unde-r which the canal shall be opened to free
navigation and so maintained by the district, said district to enjoy
free-use of the power so created, until the aggregate value of said
power shall equal the cost of canal and power construction; after
which the United States shall receive from the beneficiaries a per-
centage of the net profits from the water power so develope(l as a
compensation for the resulting injury to navigation on the--Great
Lakes and connecting waters and loss of water power on the Niagara
and St. Lawrence rivers, such percentage to be fixed by Congress.

In conclusion the Board deems it fitting to express its appreciation
of the ability, energy, and care with which its recorder, Capt. G. R.
Lukesh, Corps of Engineers, has performed the arduous duties
devolved upon him in directing the field work. office computations,
mapping, and copilations necessary to the preparation of this report.

Respectfully submitted.
W. H. BIXBY,

Colonel, Corps of Engneers, U. S. Armtny,
President, Misssippi River (Conossion.

C. MoD. TOWNSEND,
Lieut. Cot., Corps of Engineers, U. S. Army.

J. G. WARREN,
Lieut. Cot., Corps of Engineers, U. S. Army.

HENRY B. RICHIAII)SON,
Member,. Mississippi River Commission.

HOMER P. RiTTR,,
Assistant, U. S. Coast and Geodetic Survey,

Member, Afi-sissippi River Commnission.
The OtIxF oF ENGINEERS, U. S. ARAMY.
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APPENmIx No. 1.

PHYSICAL CIlARAcTUM,,StCriS 0OF THE MI.SSISSIPPI IVISR.

(Prepared by the rcvor(lder iirid1er (dtreetlon of the Board.J

In ho!nIcctiojn with itsl report oni the inipv).(veullwuit of the Mlississipvpi River below
St. Ilou01s, the Iloard deems ilt desirablo to give the following brief state-melnt of those
physical characteristics of the Mississippi Valley that are piertinent to the subject-
matter of the illvestigations assigned to it:
The drainage basin of the Mississippi River extends from the Allegheny Mouihtains

to the Rocky M)ountains an(d from Winnipeg and the St. Lawrence watersheds to the
Gulf of Mexico. The area of the basin is given at 1,240,050 s(quare miles; about 41 per
centt of the area of the United States exclutsive of Alaska and outlying possessions.

'The areas of the secondary basins that go to form the Mlississippi River Basin are
givte in thelvolume entitled "Floods of the Mississippi River," 1897 (U.S. Weather
Bureauu, as:

Percent-
lD'slrnallon. Area. areof

w Ole.

Sq. miles.
Missouri lBasin.................. 5i27, 150 43
Ohioai.... 201,700 16
Arkansas 13asin................1.......................... ,300 15
Upper AMisissippi Basin ........................................................... 1(15,900 13
Rae isn. 90,000 7
CentralValley. 9,000 6

Tot l .............................................................. .. 1,240,050 100

The Central Valley is the basin of the Mississippi River proper between the Mis-
souri River and the Gulf of Mexico. This part of the river is fre(luently considered in

--two sections, that between the Missouri afnd Ohio rivers being (lesgnated as the
"nlmiddle Tississippi," and the part below the Ohio being called the "lower Mis-
Hissivppi;"' the section above the Missouri River is called the "'upper M is8issippi."
The midldlo Mlississippi receives drainage fromabout 14,000 square miles of the luen-
tral Valley.
Of the great basins forming the Mississippi Valley the Missouri is by far the largest,

but is, comparatively, a dry region, in part even arid; the upper Mississippi has a
moderate rainfall; the Ohio Basimi is within the zole of heavy precipitation, and
though its area is less than half as great as that of tho Missouri Basin it contributes
about three times as much water to the AMississippi River during the year.
The table on page 32 gives the average monthly precipitation at selected stations

in the seconldary basins; it will be noticed that the annual rainfall is very different
at these various stations and that at the: same station the month17 rate varies during
the season, the greatest variation being in the AMissouri Basin. rhe average rainfall
shown for these stations does lnot, of course, necessarily give the averages for the whole
basins.
The records of the United States Weather Bu'reau of rainfall at the various stations

in the Alissisippi Valley are quite complete for-recent years, but however complete
they may 1)b they can afford only a partial index of the amount of waiter delivered
into the streamn;s; p)ermeability of soil, temperature of the air, and many other condi-
tions affecting percolation and evaporation being factors in determining the ratio of
precipitation to river discharge. Thus the Ohti6o Valley is very different in thia
respect from theNissoifri, where, owing to thie highly absorptix'e sanldy soil and drying
winds, a miuch smaller percentage of the rainfall finds its way to the main river.

9.869604064
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Normnl monthly and (Innual preaipitauiofl, in inches, (it selected stations in the basin oJtlhe Mlississippi River.

Drainage basin.

Missotirl lyver................
Up"pru Mississippi............

i ko......................Central Mlssssilspi Valley.....
Do........................

Station.

O infaha................
St. atail..............
I)aveiu)ort............
St. 1oll ..............
N11nu1h11Is..............

De ....;... . . . .. . . . . It ian ;}ZX.,...... ;.. . . .

Do.Vicksl..i...
Do.laton lto....
Do. Now OrleanA.

Ohio........Cincinnati ..

Cumnberland . Nashville ..........
Tennossee........C.... tatuoga.
Oh?0.........Cairo..
Arkansas.........).odgo City, lNans

Do.......Llittle Rock.
Red....... Shreveport.

.7. 7 _7

Drainage basin. Station.

Mi~sourl River........... Omaha.
Upper Misssippl...............St. l1'au,.I)o .......Davenport.
Central Mississippi Valley...... St. Louis .

Do-S... .. . .
............

)o..Memphis..............
Do..elena .......... .........

Do............. Viksbtirg.......
Do.................. Baton Rtoug.
I)o.................. New Orlenns.

Ohio ......................... Cincinnati.
Ctumnlerlaud ... .... Nash villo .
Tennessee. ....... Chattanooga.
Ohio...... . Cairo ..............Arkansas.... Dodgo City, Kans

1)o. Litt e flock.
Red.Shreveport.

Years
of

recorti.

27

296

26
4)
24
26
62
32
18
26
22
10
25

July.

4.6
3.3
3.(i
3.8
3. 4
4.6r
4.5
11.3
6.4
3.9
4.3
4.1
3.4
3. 2
4.0
3. 4

Jan. FI'e). Mar.

0.7 0.7 1.5
1.0 .9 1.5
1.7 1.0 2.2
2.2 2.7 3.4
.5 5. 2 5.9
;.1 f.2 6i.6(

5.3 4.9 6.5
r.1 4.6 5.0
5.1 4.4 6.3
3.3 3.3 3.6
f5.0 r,,0 6.2
0.4 5.16 5.8
3.7 3.9 3.8

. 4 . .;, 9
4.9 5.3 6.2
4.7 4.2 4.6

A tig. Sopt. Oct.

3.3 3.0 2.6
3.8 3.2 2.0
3.0 3.2 2.0
3.f5 3.1 2,8
3.5 3.1 2.7
3.5 3.9 2.4
3. 4 3.3 2.0
6.9 4.2 3.2
6.0 4.6 3.3
3.8 3.0 2.8
3.6 4.1 2.7
4.1 3.7 2.0
2.8 2.0 2.7
2.8 1.3 1.3
4.1 3.2 2.5
2.1 3.7 3.2

It will be noticed in this table that in the winter months at the northern sources of.
supply the precipitation is very light, while at the more southerly stations the winter
precil)itation is very heavy. Very rarely (loes the maximum precipitation occursimultaneously at both northern and southern stations, and there is no recorded
instance when heavy rains have occurred over the whole watershed of the Mississippi
at the same time.

In the Ohio Basin the annual rainfall is 43 inches, and the proportion of rain which
goes into the rivers is about 30 per cent. The Upper Mississippi has a rainfall of 34.7
inches with a run-off ratio of 27 per cent. The Missouri has respectively 19,6 inches
and 12 per cent.a From these figures it appears that the Missouri, notwithstanding
thle immense area of Its basin, is the least important of the three great tributaries in
regard to volume of flow throughout the year; but its flood volume is large and it con-
tributes also the greatest amount of solid matter, in the form of sediment, to the
Mississippi River.
The northern part of the St. Louis to the Gulf section of the river is subject to the

influence of ice; it is reported to have beon frozen over as far South as MemphisjTenn.
But the principal interference with navigation and injury to works of river improve-
ment from' this source are (lue tolrunningice. Periods of running ice occur almost
every year, of varying length, depending upon weather conditions. During the past
forty-two years navikation lias been suspended in the viCinity of St. Louis on account
of ice as early as November and as late as March. Tho average length of thne per year
is thirty-one days according to the records of the St. Louis Merchants' Exchange.
Below St. Louis conditions in this respect improve, and south of the Ohio River inter-
ference with navigation by ice is of quite rare occurrence.
Boring made by different boards of engineers and by the Mississippi River Com-

mission show that the alluvial bed of the river, especially South of Cairo, is of great

°Rainfall and run-off takon froin Greenleaf's "HIydrology of the Mississippi.'1

Apr. MMay. June,

5. 3
4.1
4..2
5.0
4.6
4.7
3.9
6.0
6l.7
4,4
4.3
4.7
4.4
3.3
4.3
3.7

JAnnuial.
31.4
28.2
33.3
40.8
52.0
57.6
62.7
69.6
6PO.3
42.1
50.2
63.9
42.6
19.8
53.7
48. 2

3. 1
2.5
2.8
3.7
5.4
0.7
5.3
4.7
6.2
3.3
4.7
4.5
3.8
1.8
4.8
5.2

Nov.

1.1
1.3
2.0
3.1
4.8
4.8
4.7
6. 5
4. 1
3.3
3.9
4.0
4.2
.f6

6.3
4.7

4.6
3.-F
4.2
4.7
4.4
4.6
4. 4
4.6
4.8
4.0
3.9
4.1
4.1
3.1
6.8
4.2-!

I.D.

1.0
1.1
1.6
2.8
4.1
4.0
4.9
5.6
4.4
3.5
3. 5
4.3
3.2
.6

4.3
4.5
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thickness. It seems to-be only in a few isolated localities that the present river scours

down to bed rock, and that throughout there is a considerable margin in the alluvium
for an increase in channel depth. A line of boring made by this Board alozag the
channel from St. Louis to the mouth of the Ohio disclosed no bed rock within 40 feet
of the low-water line of the river except between Thebes, Ill,, and Commerce Mo
where (considering a channel 500 feet in: width), in places along some 3 miles of river
bed rock approaches to within about 17 feet of low-water surface. Beaver Dam rock,
1 mile below Commerce, is a sandstone formation, believed to be isolated and to over-

lie the clay. Bacon rock, a formation said to be similar to the chalk bluffs at Colutn-
bus, Ky., and an obstruction to navigation in the Ohio River near its mouth, was

removed ago. Old surveys show another isolated rock formation, in the
old channel of the Mississippi River above the mouth of the Ohio River. There is
also a stratum of ferruginous sandstone near Memphis, the top of which is above
extreme low water- the rock in the river bed about milesbelow Memphis, known
as Nonconnah roci, is probably a fragment of this formation. Above Cairo and
below St. Louis the general depth of bed rock below low water from 60 to 100 feet;
a profile accompanying the Board's report gives the information in detail.

In the stretch below Cairo, the greater depth of bed rock is evident from borings
and investigations, reports on which will be found in the Annual Report ofthe Missis-
eippi River Commission for 1881, pages. 139-168. A discussion of "Blue Clay of
the Mississippi River," by Dotor Little, will be found in the Annual Report of the
Chief of Engineers for 1883, pages 2315-2339 and an analysis of the borings, by Pro-
fessors Hilgard and Hopkins, in the Annual Report of Chief of Engineers for 1884,
pages 2885-2903. Furtherinformation Will also be'found in the annual reports of the
MBississippi River Commission for 1882, 1889, and 1903,
The river for the entire distance from St. Louis to Commerce, Mo., flows through an

alluvial valley of a fairly uniform width of about 5 miles, except for the "gorge"between Grays Point and Commfierce, where the width is less than 1 mile, From just
below the Missouri to Ste. Genevieve the Missouri
bluffs; it then crosses to the Illinoisbluffs, which it skirts fairly closely for about 14
miles; returning to Missouri bluffs at Red Rock it follows them at a distance of lees
than a mile down to Cape Girardeau, some 42 miles. Between Cape Girardeau andSGrays Point the river passes for 4 miles the low land forming the head of the St.
Francis Basin, andl at the latter point enters the "gorge," where the river is closely
confined between bluffs on either bank. The gorge is about 7miles in length. The
bluffs on either side are generally of limestonewith some sandstone formation. Below
Commerce the alluvial valley widens out and takes in the extensive St. Francis
Basin on the right bank, then the White River Basin on the same bank, then the
Yazoo on the left and again the Tensas and Atchafalaya basins on the right bank,
an average width of about 40 miles.
The low-water channel length of the river from St. Louis to the mouth of the Ohio

(2 miles below Cairo gauge), as determinedby the Board's survey, is 182 miles, the air-
line distance is 125 miles. In this sectionthe river flows in a generallysoutheasterly
direction. From Cairo to the mouth of Red River, about 790 miles, channel distance,
and 440 miles, air line, the direction is generally southwesterly; thence to the mouth
321 milesbyriver, channel distance, and 210 miles, air line, the direction issouth-
easterly. hergeneral direction of the river from its source in Minnesota to its mouth
is southerly, and it is contained within the meridians 890W. and 950W., and the
parallels 480 N. and29° N.
An important feature of the Mississippi River below St. Louis is the variations in

its widths along its course. Between St. Louis and Cairo the recent survey made b
this Board showed alow-water corresponding to the zero stage on the St. Lou%
gauge as small as 650 feet, as at Ables Point(1l70.6 miles below Eads8Bridge, Louis),
and as great as 4,000 feet, about Imile above Prices Lamding (153.4 miles below Eads
Bridge). Similarly the ordinary or "standaid" low water (4-footstage on the St.
Lou'is gauge) shows widths in the stretch ranging from 800 feet at Ables Point to4,900
feet at the head of Grand Tower Island (104.3 miles below Eads Bridge), The bank-
full stage (80 feet on St. Louis gauge) varies from 1,56 feet just below Devils Backbone(899 6 miles below Eads Bridge ) to 6,600 and 6,80 feet at the head of Grand Tower
Island, and at Greenleaf Bend (169 miles below Eads Bridge) and at other localities.
The freshet stage widths are considerably greater the flood of 1844 extendi rac-
tically from bluff to bluff, an average distance ofabout 5 miles. Thisflo2G width has
since been gradually encroached upon in places by levees and other Fxtificial struc-
tures but only to a small extent.
Below Cairo similar variations in widthsare found. Low-water widthas

1,000 to 1,500 feetan d as great as 6,000 to 7,500 feet have been found at svevlal l-vli-
H. Doe. 50,61-1-3*
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ties. At bank-full stages the widths likewise vary from less than 2,000 feet up to 10,500
feet. Generally speaking, the width of the river becomes more uniform in the lower
section and averages somewhat less than the widths in the u er reaches. The area
below bairo subject to overflow was formerly of an average width of some 40 miles, but
is now, through the construction of a general levee system, much reduced. Through
a large part of the distance the river floods are confined within levees along and near
both banks, and through another large part between a levee on one bank and highlands
skirting the other, giving an average restricted flood width of about 6 to 10,miles,
decreasing to about 2 miles in the lower section. Where the levee system is not wholly
effective, as at the mouths of the larger tributaries, the freshet widths increase through
backwater' and failure or overtopping of the levee would, of course, increase the
freshet width through overflow to an extent, possibly 10 to 30 miles, dependent on the
flood height and the character of the topography surrounding the point of failure.
The average slope of river surface in different sections below St. Louis, Mo., is

shown in the following table:

Stage above Gulf Slope between
Distance level, stations.
between

Station. stations

bank. High Low High Low
water. water. water. water.

Foot per Foot per
Quile.e Feet. Feet. mile. mile.

St. Louis, Mo............................ 421.82 877. 90 ...... ....

175 .......... .......... 0. 64W3 0.618
Cairo, IIl................ .......,.323.21 270.04 .................

230 ,...........
Memphis, Tenn................................ ....... 224.47 181.52 .....

309 . M i ss...341 .84
Vocksburg,Miss....... .. 98.64 39.06 ...............

164 ... .291 .238
Mouth of Red River .................................... ....... 7 24..97.3. ...

192................ .180 .024
Carrollton, La.......................... 19.29 -1.73 ...........

82...........r......1.4
Fort Jackson, La ....... ............. ,....... . 6. 2 -1.38 .. ..........

Near1Head7ofPassees.6............277................................... ....

NoTDs.-The low-water slope St. Louis to Cairo in the above table is affected by ice; free of such influence,
it Is slightly greater.
The low-water slope below Red River is masked by tile Gulf tide and is therefore omitted.
The average low-water depth along the thalweg of the stream is as follows:

Feet.
St. Louis to Cairo.18.
CalrotoMemphis. 31}
Memphis toVicksbirg. 37
Vicksburg to Red River.48i
Red River to New Orleans.84

A natural channel depth of 14 feet or more may, in the St. Louis to Cairo stretch, be
expected to occur during the months of April to July, with occasional periods of brief
duration at other times of the year. The average length of time is about one and one-
half months per ear. Below Cairo a channel of such least depth obtains during a
greater period of the year, from about January to July, sometimes as early as December
and as late as August, with occasional short intervals during other months. The aver-
age period is from six to seven months

9.869604064
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[As an Illustratlon of depths that are to be found in the river below Cairo, the following tables have bein
prepared, giplthe periods when 8 to 14 feet channel depths occurred. It should be remembered that
he ilssiss pp iRiver Commission was carrying on dredging operations to maintain a 9-foot channel, and
that but for these operations less depths than those shown would doubtless have occurred and the duration
of depths less than 9 foet would have been greater.]

Low-water scauon, 1908, between Cairo and Memrph.

Stage Corre- Navigation.
above spon(ling
mean least

Date. low deptlhs Limited by river having less depths than-
water, in Closed
Fulton stretch by lee.
gauge. of river. 14 feet. 13 feet. 12 feet. 11 feet. 10 feet. 9 feet. 8 feet.

1908. Fetl. Days. Days. Days. Day.. Days. Days. Day.. Day.
July 22............ 14 15.5

July 27............ 13 13 5

August2.....,.,. 12 12.5

August 6.......... 11 11.6

August11 ......... 10 10.8
August 14......... 9 10.l
August 19......... 8 10. 6
August27......... 7 10.2
September4 ..... 6 11.0

September11 ... 6 9. 0
September 4 9.0
September 20 ... 3 9.0
September 25...-. 2 ,

8. 6October 6......... 1 9.0 None. a163 157 l19 139 61 14 Non
October 27 ........ 0 9.0

November 1 ....... 1 10.0
November 2....... 2 10. 3
November 4 ...... 3 10.5
November 10 ...... 4 10.7
November 14 ...... 3 10. 5
November 18 ..... 2 10.4
November 23 ..... 1 10.0
December2 ....... 2 1.0
December4 ....... 3 11.0
December 7 ....... 4 11.0
December 14 ...... 5 11.0
December 19 ...... 4 1(. 5
December21 ...... 3 10.6
December28 ...... 3 11.0

December31 ...... 4 12.0

1909
lanuary 10 ........ 4 14.0

a The duration of depths given in thee coluiinns does not agree exactly with tile corresponding Intervals
in the second column on'account of slight oscillations in stage which are not evident witl 1-fot intervals.
REIMAKS.-From January 1, 1908 to July 26, 190 depths greater than 14 feet at all times except that a

decline of the river beginning about January 24 and ending about February ', resulted In least depths of
13.6 feet at Island ii Crossing and 11 feet at Corona and Uzzells according to surveys of that date. The
duration of depths less than 14 feet was probably less than a week.
NOTE.-FUItOn gauge wasselecte( on aCCount of being nearest the controlling bars-M. L. W.-mean of

lowest waters of the years 1892-1901, Inclusive, and -+3.5 on Fulton gauge.
Least depth In stretch derived from a table of most authoritative least depths observed throughout the

Season (JuTy 22,1908, to January 15, 1I9) by assuming uniform change In depths between observations.

ran _

9.869604064

Table: Low-water season, 1908, between Cairo and Memphis


460406968.9



36 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Low-water 8aton, 1908, between Memphis and Red River.

stae Corre- Navigation.
above spendingVen o least

Date. man low nths Limited by controlling bars having less depth than-
wae rh s

Closed

aue .p by ice.gauge. of striver 14 ft. 13 ft. 12 ft. lift. 10 ft. 9 ft. 8 ft. 7 ft. 8 ft.

1908. Feet. Days. Days. Days. Day. ays. Days. ays. Days. ays. aYs
July 28......,. 17 20.2
August 3 16 18.4
August 5 16 16.2
August 11 14 14.0

August 14 ........ 13 12.5
August 18 . 12 10.8

August 22..... 11 9.9
August 29 10 9.9
September8 9 9.2

September 13.... 8 8.6
September 16.... 7 8.3

September 20.... 6 7.8
September 25 6 7.2

October 5 4 6.4 1
October 17.6. 2

40232
November1 3 8. 2 '.one. 140 137 134 122 71 54 40 23 0

November 2.... 4 9.0
November3 6 9.4

November 4 6 10.0
November 12 7 10. 6
November 14... 6 11.0
November 18 6 10.3

November 24 4 9. 2
December4 5 9.0
December5 6 9.0
December 7 7 9. 0December 14 8 9.0
Decem er20... 7 9.0December 22 6 9.0

December 27 5 12.0

December 30 6 14.0

REAR s-her is no record of depths less than 14 feet between January 1 1908, and August 12,
1908 but they ma havenoccurred at one or two bars for a few days in Febuary during the exceptional
decline of river In that month.

a

NOTE.-Memphis gauge was selected on account of being nearest the controlling bars-M. L. W.-mean
of lowest waters of the years 1892-1901, inclusive, and -+0.9 on Memphis gauge.

Least depth in stretch derived from table of most authoritative least del)ths observed throughout the
season (July 22, 1908, to January 15, 1909) by assuming uniform change in depths between observations.

Although the floods of the river do not form the subject of the Board's report, yet,
on account of their influence on the low-water channel and on regulation works, they
can not be left out of consideration. -
The natural result of the greater volume of water flowing in the river at the higher

stages is to produce immediately greater channel depths, to the advantage of naviga-
tion. But the high-water channel rarely coincides with the low-water channel, and
not only does an increase in stage usually fail to give an equal increase in the low-
water channel depth, but a return to lower stages frequently finds the former low-
water channel wholly or partly obliterated. Until the scouring effect of the water
can produce a new low-water channel, or, sometimes, combine many minor channels,
the controlling depth is less than at an equal stage before the rise. The new low-
water channel on the crossings, the critical localities from the viewpoint of naviga-
tion, is usually in approximately the same position as before the rise, but often is
above or below and at times at considerable distance from its former position-this,
of course, at localities where works of improvement are not present to guide the stream
into its proper channel.

9.869604064

Table: Low-water season, 1908, between Memphis and Red River
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The most injurious effects on the controlling low water depths result from a speedy
fall in the river after a prolonged and considerable rise, the most beneficial effects of
scour are produced by a uniform moderate flow of long duration.
The influence of the shifting character of l he sides and bottom on channel depths is

set forth at greater length later in this paper.
The Ohio and its afiluents form a system by themselves, lying for the most part in

the ordinary paths of the moisture-laden Gulf storms which sweep from the southwest
in the early months of the year. The upper Mississippi and the Missouri are generally
frozen during the early rises of the Ohio and usually have their floods about the time
those of the Ohio have run out, but cause high water in the Mississippi River between
the Missouri and the Ohio rivers and moderately high stages below the Ohio. The
Mississippi River below Cairo is thus usually maintained at high or moderately hIiigh
stages by successive contributions from different sources and this high and medium
stage period generally lasts from about the beginning of the year to about August. Be-
tween St. Louis and Cairo the river is at or above medium stages from about April to
August.
The greatest reliably recorded flood in the Missouri and Upper Mississippi rivers,

and in the Middle Mississippi as far down as Price Landing (mile1e53), that of 1844, did
not produce as high a stage at CairQ as those produced by the Ohio River floods of 1882,
1883, 1884, and many other years. The flood of 1858 was caused by the combined
floods of the Middle Mississippi and Ohio rivers (Humphrey and Abbot's Report), but
was not as high as a number of later floods at Cairo.

Floods that pass Cairo frequently meet others coming from the lower tributaries pro-
ducing greatly increased flood effects in the lower river.

TIhe following table gives the greatest and least measured discharges at selected sta-
tions on the Mississippi River and its principal tributaries, with corresponding gauge
heights. As the measurements were not always, especially in the earlier years, taken
at highest or lowest stage, A column of extreme gauge readings at the corresponding
points is given for reference. In appendix 18 will be found tabulated all available
discharge data pertaining to the Mississippi between Grafton and the Red River.



Maximum and minimum observed discharge of Mississippi River at selected stations.

Discharge (cubic feet per second).

Station.

Grafton,III..... ..... .......

St Louis, Mo............................

Columbus, Ky..........................

Helena, Ark .. ...................

Arkansas City,Ark..... ...

Vicksburg, Mis.

Red River Landing, La...........

Carrollton,LA......................

Date.

June U, 1903....

January 11,1881.
'iay21, 1892.................
February 5, 1900.
February 22,1882. .
November 8, 1897.
Feb. 3, 1907 o. .
October 24, 1895, p.m.
March 16,1903
October 12,1895, am.
April 15,1897..
October 26, 1895
March 31, 1882 .-- ..
November 17, 1895 ...
May 21, 1897.
December-30, 1904.

Gauge
reading.

Feet.
28 70
2.50
35.20
0.00
48.60
2.20
49.90

- 1.10
50.40

.70
51.95

- 4.70
48.30

.30
1& 60

.15

Channel.

317,000
25,000

1,148,,000
35,000

1,603,000
71,000

1,631,000
88,000

1, 737,000
103,000

1,746,000
97, 00

1,595,000
94,000

1,351,000
158,000

Over-
banks

4S,000
.........

........

........

.... ...60,000

7,0
.........6631,000

2,000
. . ... .

Total of
river.

366,000
25,000

b 1,146, 000
c35,000

1,603,000
71,000

1,691,000
88,000

1,743,000
103,000

1,777,000
97,000
(d)
94,000

1,353,000
158,000

Mean
velocity
in feet
per see-
ond.a

2.79
1.19

12.15
2.45
8.14
1.11
7.49
2.44
7.54
2.32
7.02
2.50
6.78
2.16
7.48
1.10

Highest and lowest known stages.

Date.

June 11, 1903
December 9, 1895.
June 28, 1844....

January 2,1900.
February 26, 1883
November, 1895....I pril 4, 1897.....
I'November-8-9, 1895. .-
March 27-8, 1903..- -

November9-10, 1895
!April 16, 1897--------
November 13-4,1895 ......

May 14-15, 1897
November 14, 1895
March 29 April 5-6,1903
December 27.1872 ....

Overbank discharge tot considered.
b This observation is not regarded as reliable as others in this table. The maximum discharge at St. Louis, under favorable conditions, was 611,000 measured July 3, 1903, at a

stge of 3L3 feet on the St. Louis gauge. The maximum above Cairo for 1903 was measured at Thebes, about 142 miles below St. Louis, on June 14, and was 1,014,000,correspondingto a stage of 38 feet on the St. Louis gauge.
cAnother observation made December 9, 1897 St. Louis gauge reading -0.1 foot, gave 24,000, but is considered less reliable than the one here given.iAt higher stages the entire discharge of the fississippi River does not-pass Red River Landing, but part reaches the Gulf by way of Old River and the Atchafalaya.
NOT.-The gauge readitgiven that of the standard gauge at the station unless otherwise noted.

Gauge
reading.

Fedt.
28.70

.90
41.40

- 2.52
45.58

05
51.75

- 3.00
52.90
3.60
52.48

- 6.50
50.20

- .60
19.42

- 1.60

Referred
to Gulf
level.

432.99
403.39
421.82
377.90
312.54
267.01
193.93
139.18
149.65
93.15
98.64
39.66
53. 77
2.97
19.29
1.73

C12

H

0

H

t.4

0

;0

P11

1..

9.869604064

Table: Maximum and minimum observed discharge of Mississippi River at selected stations
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Maximum and minimum observed discharge of prircipal tributaries of the Mississippi River.

Station.

Missouri River at St. Charles, Mo._...

Ohio River at Paducah, Ky............

St. Francis Rivernearmouth ............

White River at Clarendon, Ark-.-.

Arkansas River at Little Rock, Ark.

Yazoo River near Chickasaw Bayou...
Yazoo River near mouth .-.-.-..
Red River at Alexandria, La ............

Ouachita River at Monroe, La.........

Discharge (cubic feet per second).

Date.

June 19,1908, p. m_.......
February 20, 1879 ....-..
January 21, 18R2........
November 3. 1882 ..........
March 8, 1883.
November 17, 1896.
April 6; 1906 ...... ...
June 20,1879 .......
June 11, 1904, p.m....
October20, 1897 ..
March 18, 1884 ........
November 20, 1897.. ...
July 2, 1908... .....
November 19, 1894
June 1, 1W2 ....... ...
1872..-- .....-----

Atchafalaya River at Simmesport, La... May 12,1890.
Neita. La ............................. December23,}1904.

Gauge
reading.

Feet.
30.32
6.30

46.40
3.10

a40. 90
a6.90
33.08
6.80

29. 40
2.60

b 46.50
-2.60
41.50
-1.80
37.80
el. 00

d44.40
'3.60

Channel.

543,000
24,060

1,233,000
54,000

373,000
768

72,906
5,962

440,089
1,160

161,322
2,462

205,000
3,143

56,182
800

479, 98
10,586

Over-
bank.

3,000
.........

....---

..........

.... ....
13,,134...3..1..
..

.. ........ .... --

.........
.. . .. .

5,000.666
..........

.........

..........

Total of
river.

54,000
24,060

1,233,000
54,000
373,000

768
210,040

5,962
440,089

1,160
161,322
2,462

210,000
3,143
56,182

800

479,908
10, 586

Mean ve-
locity in
feet-per
second.f

9.44
2.79
5.176
1.30

7.80
.50

4.02

1.09

9.95
.91

3.82
2.86

5.79
1.12
2.24

.........
7.46
.59

Highest and lowest known stages.

Date.

High water, 1844....
1879.------------

February 23, 1884
October30-November 4,1895.
Aprll 14, 1897
November8-9, 1895....
March 20, 1890......
November 22, 1887.......
May 21, 1892......."....
Octoberr23-24, 1879.......
April 16, 1897......
November 13-)4., 1895......
July 5-6, 1908.
September29,1&81
1c>74 ... ..... . . . . . . . .

September, November, 1897
1899. 1201.

May, 1897 ......
November 12-13,1894-..

a Helena gauge.
b Vicksburg gauge.
cAbove low water.

d Simmesport gauge.
e Melville gauge.
f Overbank aischarge not considered

NOTI.-The gauge reading given is that of the standard gauge at the station unless otherwise noted,

0

Gauge
reading.

Feet.
39.95
3.50

.54.25
-0.170
a 51. 75
c-3.00

36.63
4.07

31.20
1.80

b 52.48
b -G.50

41.80

-3.70
49.10
0.00

d47.32
el. 00

Referred
to Gulf
level.

454.11
417.56
340.51
285.56
193.93
39. 1s

175. 743
143.17
2.5293
223.53
98.64
39.66
85.98

40.48
80.07
30.97

53.11
1 1.44

.-g
M
.Z
::IZ
;0-
.4

W
._3

1-4
1

0
(::,I
W

i-9
0

.-3
W
W
0
C.
t7l
I.d

i

9.869604064

Table: Maximum and minimum observed discharge of principal tributaries of the Mississippi River
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The area of the alluvial valley below Commerce, Mo., overflowed (luring the 1882-
1884 floods was estimated at 29,740 square miles; during the flood of 1903 the over-
flowed area was but 6,820 square miles, the reduction being due to the extension and
improvement of the levee system during intervening years.

The levee system, now still nearer completion, held successfully the floods of 1907
and 1908 over the entire stretch from Cairo to the mouth except at the mouths of large
tributaries, where the resulting overflow is attributable to the floods of the tributaries
and backwater from the main river. A crevasse, it may be remarked, occurred below
New Orleans in 1907, and another in 1908 and the water also escaped through 5 stall
gaps below New Orleans made by the Gulf storm of September, 1906, but the over-
owed territories were of insignificant area.
The levee system by confining the flood waters of the river, and its auxiliary works

of bank protection by reducing caving of banks exert a beneficial influence on the
channel depths, which influence may be 'expected to increase as the levee system
apDroaches l)prfection..-the early maps of the Mississippi River, by Lieutenant Ross, 1765, by Captain
Pitman, 1768, by Captain Young, 1821, and by General Collot, 1826, compared with
maps of surveys of the Mississippi River Commission shows that the river has been
materially shortened by cut-offs during the intervening century, largely compensated
by erosion at other points. The "Navigator," a Pilots' guide published at Pittsburg
in the early part of the last century, gives much information concerning the river of
that period, and it is believed was the first authority to designate islands below Cairo
by numbers.
The Mississippi River from St. Louis to the Gulf is typically a river with an unstable

bed-that is, one of caving banks and shifting bottom. No river in the world, under
improvement for purposes of navigation, equals it in the magnitude of its bed disturb-
4nces. The same conditions of unstable bed extend up its principal tributary, the
Miso30ui, froni St. Louis to the mouth of the Yellowstone; also, in a lesser degree, up
the Ohio River to Louisville; and in a still lesser degree up into the Upper Mississippi
River a considerable distance above the mouth of the Missouri, but the differences
between the conditions in the Missouri and the Upper Mississippi are so great that the
unstable conditions of the latter are of comparatively small account.
The extent and variety of caving banks on the Mississippi are not realized, as a rule,

even by members of the engineering profession, unless they have had the opportunity
of inspecting the river during all its stages, high, mean, and low; and the subject is
even less understood by the general public. On this account a brief description of
such banks seems advisable.
Caving banks may very properly be classified as eroding banks, slumping banks,

sinking banks, and sliding or slipping banks, and these four classes of banks are mark-
edly different from each other in general appearance, origin, or both.
An eroding bank is one where the whole side of the river bank from the water surface

downward to the foot of such bank on the river bottom, in the channelway next such
bank, is gradually wearing away under the scour of the moving water. The typical
eroding bank is one whose soil is not cohesive enough to withstand the attack of the
ordinary currents natural to the mean and low water stages of the river. Erosion is
not dependent upon high water and freshets, but is to be expected at any stage of
water wherever the river current approaches the riverbank at a decided angle with
the general line of bank in straight reaches, and with the tangent to the curve of the
bank in bends. Little erosion is to be expected where the river current is parallel to
a straight bank, even though it be close to such bank. The erosion increases with the
current, and especially with the angIe of its approach. Unless an eroding bank. be
specially protected, any increase of #ta Will usually increase the erosion, In bends
the maximum, erosion is either at the point of first impact of the current or else near that
p of the bend about, or a little below, the center, where the current is strongest.
In uniform bends and homogeneous soil the erosion often proceeds uniformly, quietly,
and steadily throughout the entire length of the bend; but if a deep gouge suddenly
occurs at any point, the full current then striking the lower side of the gouge wil
extend it rapidly downstream till its depth gradually decreases to nothing. In aggra-
vated cases within the past twenty-five years the erosion has been known to cut the
bank back a distance of 500 feet in three months at one place, 800 feet in a single year
at another, and 1.6 miles in sixteen years at a third place, all at points of severest
attack, and in some cases to affect a continuous lefigth of as much as 8 miles of bank
in a single bend. Existing Mississippi River Commission maps of the river valley
indicate that similar erosion in past centuries has been responsible for river bends
which have gradually cut as much as 5 or 6 miles into what was originally solid bank.
The erosion of banks on the Mississippi is much more extensive than is realized by

casual observation from pawing boats. WVhat the casual observer notices is mainly the
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erosion of the visible bank, which rarely stands more than 20 to 40 feet high above the
low-water line. 'The main and most serious erosion is that of the unseen submerged
bank below the low-water line, reaching from that line down to the deepest part of the
channel, a distance which may easily be from 20 to 45 feet vertically between St. Louis
and Cairo, 30 to 90 feet between Cairo and the mouth of the Red River, Louisiana, and
from 50 to 140 feet between there and the Head of the'Passes, giving a depth of erosion
little imagined by the general public. The slope of the eroding bank be ow low-water
line depends on the nature of soil and force of the current, and while commonly about
I on 2 (1 foot vertically for every 2 feet horizontally) between St. Louis and the Gulf,
may vary anywhere between 1 on 4 in soft soils with gentle currents to 1 on 1 in
stiffer soil and stronger currents and even to a vertical or overhanging bank in tough
soil or semirock.
As the erosion progresses the bank becomes undercut at the water surface until the

upper portions break away and fall into the river. Eroding banks are therefore usually
manifest to passengers on passing boats in the shape of low earth bluffs in which case
the freshness of its broken surface and sometimes the height of a bluff serve as a par-
tial measure of the progress of the erosion; the volume of eroded material being, how-
ever, mainly dependent on the depth of erosion below the water surface.
Should the upper portions of the eroding bank, below the water surface, be protected

from such erosion by tougher strata or a covering of any sort, then only the lower por-
tions of the bank erode and the upper portions are undermined until they tumble
down and in their broken condition are carried off by the current; after which the
uniform erosion proceeds gradually as before.
During erosion a small part of the soil is actually dissolved by the water and remains

permanently in solution; a large part (the lighter portion) is taken up as sediment in
suspension; and the rest (the heavier portion) is rolled along the bed of the river until
it gets away from the full force of the current, when it piles up on the river bed in the
form of a bar. Wherever the current slackens, the heavier sediment is deposited to
assist in the bar formation or to build up the river banks on the noneroding side of the
river.
As the river rises in freshet the total erosion increases somewhat, the increase being

due to the increased area exposed directly to the action of the water as well as to the
increased current; but, since the freshets and high waters are limited in duration while
the low-water erosion continues steadily throughout the year, it is the low-water
erosion which is most to be feared and which needs the most attention. Wherever the
erosion below the low-water line can be stopped, the erosion above the low-water line
can usually be easily handled.

In some cases where the river slope is unusually steep or the river width unusually
contracted, the erosion may extend over the river bed itself and sometimes even from
bank to bank, especially if the bed is of less resistant material than the banks. In
such cases the erosion occurs sometimes only at high water, filling up again at low
water; sometimes at low water, filling up at high water; and sometimes at one or the
other stage without ever refilling to its original height.

Trhe greatest danger to the regimen of a navigable river, due to eroding banks, is
when such a bank in one bend approaches another eroding bank on another bend
across an intervening neck of land. In such cases the junction of the two eroding banks
produces a cut-off of the river by which the end of the intervening neck of land is
converted into an island; after which the river adopts the cut-off as a new channel
the river length is shortened very appreciably, sometimes many miles, the river
current, are greatly increased, extensive new caving is started, extensive new
deposits and bars are created, and the new river channel is rendered especially
unstable and eccentric for many years until the former fairly permanent conditions
of river slope (fall and length), river breadth, and channel direction and depths
can again be reestablished. Similar danger, usually however of lesser magnitude,
exists where the erosion undermines and cuts through a levee behind which there
exists a large area of low ground or a waterway affording a-new short drainage route
to the main river below.
The enormous injury to the regimen of the Mississippi River, and to its navigation

interests, which arises from a cut-off across the neck of a point of land between two
bends, is not well understood nor realized by the mass of the United States public.
One seially good past illustration of such effects is to be found in the case of the
Commerce Cutoff and Bordeau Chute Cut-off (at points 270 and 280 miles below
Cairo), as shown in considerable detail on sheet No. 9, Mississippi River Commission
maps, scale 1 inch to 1 mile, published in 1890, and revised in 1906. The Com-
merce Cut-off, which occurred in 1874, across the neck of Linwood Point, left Council
Bend at one side of the resulting river channel, shortened the river at this point
about 10 miles, and consequently greatly increased the river currents in its immem
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diate neighborhood both above and below; and these increased currents gradually
led up to excessive caving of the river banks in the adjoining bends and excessive
scouring of the: river bottom in near-by bends and chutes. Following the Commerce
Cut:off (at mile 270), and as a direct result therefrom Ashley Point on the right
bank (at mile 275) was rapidly eroded; the full force of the water was then thrown
into the bend near Mhoons Landing on the left bank (at mile 276), and rapidly eroded
Bordeau Point; the overflow across Bordeau Point and the increased current in
Bordeau(Chute (at about mile 281) developd this chute into a second cut-off and
left Walnut Bend outside the main river, thereby shortening the river at this point
an additional 5 or-6 miles, the violence of the increased current being then such as
to fling the river with full force into the right bank near Rogers Landing (at about
mile 281), cutting back the bank for a distance of over a mile and eroding an area
of nearly 2,000 acres to an average depth of over 60 feet; the river after leaving
Walnut Bend, was then flung back into the left bank above Fox Island (at about
mile 284), after which Ilardins Point on the right bank (at about mile 288) was con-
siderably eroded and similar cavings and erosions, though to a lesser extent, followed
at Ilarbarts Landing on the left bank (at about mile 292), and at Shoo Fly bar on the
right bank (at about mile 294). All these caving banks in the bends and all these
erosions of points are clearly a result of the Commerce Cut-off of 1874, followed by
the Bordeau Chute Cut-off of a little later date. Omitting any movement of earth
and river channel which occurred before 1884, and confining discussion to the changes
shown on the Mississippi River Commission charts sheet o. 9), between 1884 and
1906,-a peri d of twenty-one years, it is found that these cut-offs caused the destruc-
tion of over 6,000 acres or nearly 10 square miles of property and the erosion of a
total volume of over 600,000,000 cubic yards of earth, equivalent to a pile of earth
1 mile square and nearly 600 feet high all of which material was washed into the
newly forming river channel and deposited in bars farther downstream, from which
much has already been dredged, and more will have to be redredged in later years,
in order to maintain a channel of navigable depth through this section of the river,
The destruction of property at this point was, during these twenty-one years, in the
neighborhood of over $1,000,000, and the extra work thrown upon the United States
in preserving and maintaining the river channel during the past years and during the
nextfew comingyearsmaysafely be estimated atover$2,0(0,000,and mayeasily exceed
$3,000,000. At the present time the advance of the caving bank in Walnut Bend
is still so rapid, and has reached so far into Lee County, that even the new levy
are in danger of being cut through, and special bank revetment was necessarily begun
during the past year and will probably require future extension. All of this trou-
ble has resulted primarily from the single cut-off at Commerce, followed by the
secondary cut-off at Bordeau Chute. The derangement of the regimen of the river
was seriously felt over at least 25 miles and the difficulties of river navigation were
seriously increased during a period of at least twenty-five years. It is quite possible
that an expenditure of $1,000,000 prior to 1874 would have saved the entire situa-
tion, and would have not only saved the loss of property and all the cost of subsequent
improvement work, but would have left the river channel over these 25 miles in
far better condition for navigation than it is at present.
In addition to the damage to the regimen of the river that may be caused by cut-offs,

there is also a further serious financial damage possible wherever (as near Greenville,
Miss.) the cut-off might leave a town or city several miles away from the new river
channel, requiring the establishment of new railway connections and terminals and
possibly the abandonment of the old city and the development of a new one.
The slumping bank is one whose origin is almost entirely due to freshets or ordinary

high waters. Such a bank, usually steep and perhaps vertical on the side next to the
nver, becomes dry and perhaps cracked by evaporation during a continued low-
water season, becomes thoroughly soaked and filled with water during freshets and
other high waters, and then, as the water falls and the support given it temporarily by
the water pressure is taken away, its front breaks off from the dryer or tougher portions
of the bank behind and it slides down into the low-water bed of the river. The
material from the slumping; bank reaches the flowing water in such broken and soft
condition that it is easily picked up and carried away by the river currents. As the
slumping bank is composed animoet always of material from above low water, it rarely
changes the condition of the river bank below low-water level, except so far as it adds
debris thereto. The slumping bank merely throws into the river all at once materials
which would otherwise go in gradually at a later date by ordinary erosion. These
slumping banks are often the ones which attract the greatest attention from the steam-
boat traveler. Yet they are not in themselves the most serious caving banks of a
river, as the slumping process is merely a natural grading of the river bank above its
low-water lines. After a bank has once slumped and assumed its natural slope above
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such low-water lines, it will usually remain undisturbed indefinitely until the bank
below it is so cut away that when the new upper bank becomes saturated it in its turn
is liable to fall from want of support.
The sinking bank is one where a large mass of earth material rests upon a layer of

very soft material, or of quicksand, which may be squeezed out by the pressure of the
superincumbent earth or may be washed out by the river currents or by flowing water
passing through the soft layer under considerable hydrostatic head, from any pool,
artificial or natural, in rear of the river bank. In such case the entire bank may settle
uniformly, or nearly so for any depth from a few inches to many feet, its top surface
remaining practically horizontal, trees and structures resting on such surface still
retaining their vertical position. On the LowerMississippi River sinking banks have
been found where the drop has been fully 20 feet, over a length of nearly a mile up
and down the river, and extending over a width of several hundred feet from the
water's edge. Insuch cases the stratum of quicksand or other soft material, washed
out or forced out, is usually many feet below the ordinary water surface of the river,
and such sinking banks are therefore liable to be developed at any stage of water from
extreme low up to extreme high, beingdependent mainly upon heavy rainfall and poor

run-off behind the bank, except in a few cases where the hydrostatic head is due-to
pondage from recent river overflows. Thesinking bank, as a rule, is of no serious
injury or danger to navigation, except so far as its soft strata may be forced out into the
river, or so far as the bank itself, by being broken up, is thereby rendered more easily
eroded by the river currents.
The sliding or sli)ping bank is one where a large mass of material, mainly from above

high-water level, slides down the bank into the river. The slide is usually due to the
fact that material of considerable weight rests upon a smooth inclined surface, eitherof rock or other slippery material, such as clay or quicksand, and under influence of
heavy rainfall by which the earth or rock issaturated covered with water, the
earth mass slides as a unit until its foot reaches some solid point of support farther
down the bank, usually the base of the bank in the river bed. In such cases trees or
other objects standing upon the original surface of the sliding maw may retain their
upright position during the sliding. motion; or the mass may break into a seriesof
steps, the trees on the surface of each step still remaining vertical. Such slides may
be found on theupper Missouri River, covering in some cases several thousand feet
of length, and extending back from the high-water line 600 to 1,000 feet, and they may
be occasionally found on the Mississippi River below St. Louis, although much less
frequently and covering much smaller areas than on the Missouri River. Slides are
usually entirely independent of freshets, and dependent almost entirelyupon heavy
rainfall and poor run-off back of the river bank.In some cases on the lower Mississippi
the sl pp surface may, however, be of quicksand, made slippery by the water flow
from bedn the river bank coming from a temporary pond, due to preceding over-

flows of the river. Such slips or slidesare apt to occur at any te of the water be-
tween high and low. The sliding bank of no injury to navigation or to the river
conditionsuntil it reachesbelow thewater level, in whichcase it
short artificial dike, causing the river channel to shift, or it may offer to the flowing
water a large amount ofloose material in favorable condition for rapid erosion.
The shifting bottom of the Mississippi attracts attention mainlyby the rise and fall

of its river bars. An erosion of the bed or a change of depth of the river in deep
between bars, is rarely noticed by anyone but surveyor, as such change seldom
directly affects navigation. ut the river bars, especially those across the main
channel, are constantly in evidence as theydirectly draft ofRiver bars on the Missizsipi below St. Louis are mainly deposits of materialcoming
originally from eroding augmented somewhatby aterialeroded
originally from the riverbed itself in contracted portions orspecially steepportions
of theriver, where at cm-tain stages the current exceeds that which the riverbed can
resist. River

ham
are usually to be expected below each caving bank at the point

where the curvature disappears, or at any oint of a straight reach the river is
unusually broad, the bareing due generally to the slackening of the current at such
oint and to the consequent local depositofrolling or suspended matter. A river

bar rarely maintains a location square acrossthe river, because in such case it is ex-
posed to the full direct attack of the water flow which then usually cuts a fairly deep
channel through it. As a rule every bar is soon forced into a diagonally across
the river, such that its length may two or three times the breadth of the river, and
such that the water flows sideways across it from the up-river boat channel on one side
to the down-river boat channel on the other side, making the crowing specially diffi-
cult for large boats and tows; moreover, in such a case the length of the bar is usually
so great that a very small depth thereon is sufficient to pass a the water flow of the
river without increasing the water velocity to the icouring point and the available
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boat draft is correspondingly reduced. These oblique bars, which exist at nearly
every channel crossing in straight reaches and sometimes at the head and foot of
bends and which determine the available depth of the river for boat navigation, are
bars which usually build up rapidly and cut away slowly. A bar once formed does
not usually remain stationary, but often moves gradually downstream, its upstream
material being washed down by the current and redeposited on its downstreamn side,
its height diminishing as it moves along and its old location in many cases being
later occupied by a new bar as troublesome as itself originally. Such traveling bars,
as actually found in the lower river and measured, have shown heights as great as 22
feet, distance between crests a great as 1,000 feet, and daily travel downstream as
great as 40 feet, and have been found in depths of water as great as 90 feet.

Moreover, between St. Louis and Cairo the amount of material rolling along the bot-
tom is so great that where the bottom is scoured out at one stage of river (even if to 20
feet depth, as sometimes near Grand Tower and Thebes) it may be filled up again
regularly at the next opposing stage and where reaches of two or more miles length
show continuous deep pools along the best channel in one year these pools may be
found converted into sfoals and the converse after an interval of a few years. (See
profile accompanying 'this report as Appendix No. 11.)

In'the Mississippi River, the bed constantly changing as shown above, reaches a
fairly stable condition only in dry seasons and at the end of a long low-water season.
At such times the erosion of the banks, though still active, is at a minimum, and the
river bars, though high along most of their length, have usually been cut through at
some one place with a channel way of fair depth.
As the water rises in the river the first action is a slight additional scour in the deep

water channel across the bar, but the extra depth so gained is usually more than bal-
anced by the extra amount of rolling material brought down from the eroding banks
immediately upstream. As the river rises still farther the increased current picks up
or rolls from the river bed a great deal of the loosest material of the bars, leveling them
down somewhat and largely filling up the former deep channel across them in much
the same way as a strong wind will blow loose drifting snow into and fill up a recently
excavated pathway through a snowbank. As the river rises still farther to a medium
stage it gathers up in this way an enormous amount of rolling material and sediment
deposited during the low-water stage, and it becomes full of shifting material ready
tobe deposited in new places at the first slackening of the current. Should the river
stop rising at this time and commence to fall, the deposit is liable to be so rapid as to
force the river currents into new channels and to leave the available depth over the
new bars hardly, if at all, greater than was the former depth in the well-formed channel
at extreme low water. Such changes in the river bed are typically shown every year
on the upper Missouri River where it passes through North and South Dakota, and
where at extreme low stages there is a good continuous channel of about 4.5 feet over
the bars; but where after the river has risen about 10 feet and then fallen to a stage of
5 feet above low water the best channel across the numerous river bars instead of being
the sum of 4.6 feet original depth increased by the 5-foot stage, makixig 9.6 feet in all,
is actually found to be only about 2.5 feet in all, showing a rise of 7.5 feet in the bar
crossing, which therefore actually stands 2.5 feet higher than the original surface of
the water at its extreme low-water stage. In 1907-8 on the lower Mississippi River
between Memphis and Greenville there were five bars which at river stages of between
7 and 12 feet above low water showed for a while in the best boat channel a depth of
only 6.5 to 9 feet, and even as far down the river as Natchez and the mouth of Red
River, where the river is over 3,000 feet wide between banks and where at least 7 feet
channel depth exists at low water, there are other bars which rise at least annually,
and sometimes at nearly every sharp rise and fall of the river, so as to show at 7 to 17.5
foot stages sometimes a best depth in the boat channel of only from 6.5 to 13 feet,
proving the rise of the bar surface at the crossing at these places and stages to have
been nearly as much as the rise of the water surface, and in at least one case 0.5 foot
more, and thereby making evident but small gains and even losses in navigable depth
although accompanied by an increase of water flow varying from more thn 80,000 to
250,00 cubic feet per second. Repeated measurements (see graphical plot hereto
appended) on the bar cromsings of the Mississippi between St. Louis and Cairo show
that up to a stage of about 20 feet above low water the available depth acre the new
bar is increased on an average only about one-half foot for every oot in the rise of
water. (Between Cairo and Red River similar measuremeDts show even les increase
in navigable depth per foot of rise of water surface.) At a 22-foot stage (St. Louis¢gauge)
the wate flow above Cairo amounts to about 320,000 cubic feet per second and the
natural depth over some bars is about 14 feet. As the water flow at ordinary low
water (4-foot stage) amounts to about 6,000 cubic feet. per second and gives ordinarily
about 6 feet on the bars, it follows that a 14-foot depth on theme bas, obtaiued by
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water flow alone, unaided by dredging or other methods of improvement, arrives only
after the low-water flow has been increased by about 255,000 cubic feet per second, or
an average of about 32,000 cubic feet per second for each foot increase in controlling
depth. Although the water flow for each foot of gain in depth may be locally less in
the contracted portions of the river, yet it must necessarily be much greater in all broad
shallow portions of the river.

Similar conditions of small increase of navigable depth in spite of great rise of river
surface were noticed long ago on European rivers, for example, on the Dnieper (second
longest river in Europe), where the natural navigable depth at low water was 0.80
meter, the corresponding depth at high stage (7.25 meters) was found to be only 2.60
meters, showing a gain in navigable depth only about one-quarter the rise of the water
surface. (See Jamund, in Hague International Congress of Navigation, reports of
1894.)
Should the water continue rising to the top of the natural banks, that is, to 25 or

30 feet above low water, the upper portion of the dry bank becomes water-soaked and
the bank erosion becomes especially active. As the water recedes from a bank-full
stage, after having been against the bank for many days, the upper portions of the
water-soaked bank slump into the river as the water recedes, adding considerably to
the amount of earth readily washing away from the eroding banks. It is at this stage
of the river, while the water is commencing to fall and the current to slacken, that
the suspended material is deposited most rapidly, and the river bars are enormously
augmented and are changed in location. As the water still continues to fall, the total
deposit increases gradually, new banks are built up rapidly on the sides of the river
bed away from the main current, and the bars scour off slowly if at all; so that at a
stage of from 8 to5 feet above low water the channels over the bars are not much better
than they were originally at low water. As the water still continues to fall to extreme
low water, the river currents begin to select a single passage across the newly developed
bars, and to deepen this single passageway down to its former good condition.

It is at this stage of river with falling water that the aid of the dredges becomes
most useful in assisting the river current to select a proper bar crossing and to hasten
the development in depth. Without the aid of dredges the ruling depth on the bars
from St. Louis to Cairo would hardly exceed 5 feet, perhaps not more than 4 feet, as
in former days; but with the assistance of dredges, an 8-foot depth has been main-
tained for many years throughout the navigation season, with an occasional inter-
ruption of a few hours, or a day or two, while a dredge was being moved to a newly
formed bar at some distance from the last station of the dredge; such short, temporary
delay as a rule not having actually interfered with the use of the river by existing
boati.
Above Cairo during the winter season the above river conditions are considerably

affected by floating ice, and especially by ice dam forming across the river, pooling
the water above the ice dam, and draining the river below the dam to a level lower
than ordinary low water.
The river conditions below Cairo differ from those above Cairo mainly in magni-

tude; in the lower river the eroding banks risinghigher above and extending deeper
below low water, and furnishing more local material for new bar and new bank form-
tions; these bars and banks being larger; the volume of water in motion being greater; the
river bends and stretches being longer; the shifting of bars and the recession of banks
under erosion being more rapid and violent when once started; the bars carrying a
little more water over them at low stages and being spaced at greater distances, butbeing longer measured in the direction of the river current, and being much broaderthe rise of the bars during rising waterand during the firststage of filing water, an(
the cutting away of bars during the middle andlast stages offalling water, following
practically thesame rules as in the upper river.
The above river conditions are not peculiar to the Mississippi River alone, but are

general for almost all other rivers of unstable beds. The distinguishing feature of the
Misissippi River is merely the magnitude of these conditions.While the limit of river depth available to navigation in the Mississippi River below
St. Louis is evidently due to the height of the river bars at channel crossings, it is
evident from the above that such height of bars is itselfprimarily due to thematerial
coming from caving banks, and especially from the eroding banks, and that it is the
erosion which goes on all the time out ofsight below the low-water line to depths of
from SO to 70 feet which has always been the main cause of the final deposit
in the river ofthe enormous quantities of earth that fill up its bed, that lead to the
formation of its bars, and that destroy its otherwise good general regimen. The extent
of such erosion was hardly thoroughly understood and realized even by engineers until
the United States Engineer Departmenit and the Mississippi River Commission, about
1.879, began a long series of measurements of the suspended sediment of the Missouri
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and Mississippi rivers, followed in 1891 by other measurements of caving banks. An
examination of all caving banks between Donaldsolnville and Cairo, a distance of about
885 miles, measured along the midstream, made in 1892, under special orders of the
commission (see p. 3110, Annual Report, Chief of Engineers, 1892) gave results as

follows:

Average annual amount of caving on both banks, Miusissippi River, Cairo to Donaldsonville.

Height
from river

Locality. Area. bottom

to to of

Square yardA. Fedt.
Cairo toMemphis............................................................o6,112,000 3
Memphis to Hlelena..............,.,., .

2, 978, 000 47
Helena to Arkansas City 4,137,000 62

Arkansas City to Vicksburg..................................................12,024,000 67

Vicksburg to Natchez.9,371,000 76
Natchez to Red River......................................................... 3,1 06,000 73

Red River to Donaldsonvlile................. 1,263,000 84

Total........... .......................................................__.........6_

a Annual average, 64 feet.

Annual averages per mile, 43,810 square yards-9i acres, 1,003,579 cublo yards.

The text of that report gives so much information that it is quoted in full, as follows:

Report of Assistant Engineer J. A. Ockerson on caving banks from Cairo to Donaldson-
ville, with tabulated results, and plat.a

OFFC MI8sIsBIPPI RIVER CoMX88sIoN,
St. Louis, Mo., AMay 31, 1892.

CAPrAIN: I have the honor to submit the following tabulated results derived from
a study of the recent caving-bank survey of the Mississippi River from Cairo to Donald-
sonville, and a comparison of the same with previous surveys.

In order to make a ready and accurate comparison the shore line of the survey of
November, 1891, to March, 1892, was platted on the detail charts of the old surveys,
mostly made from 1879 to 1883, and the area between the shore lines was carefully

measured with a planimeter. This gave the area of caving.

The data for the depth of caving were derived from the old detail charts, which show
the height of bank above datum, elevation of water surface, and depth-of water. From
this the height of the bank above the bed was easily deduced. Where the river had
maintained its width and the channeljlay close to the caving banik the height of the
bank deduced was measured from the deepest part of the bed to the top of the bank.
Where the channel lay some distance from the bank and the caving had widened the
stream without shifting the channel materially, then the average depths between the
thalweg and the depth near shore were taken as the depths of the bed and the heights
of bank deduced accordingly.
The dates of the surveys of each section considered are given in the table and from

them the average amount of erosion per annum was derived.
An inspection of the maps shows that caving rarely occurs on both banks of the river

at the same time in the same locality. It shifts from bank to bank; and as it ceases on
one side it begins- on the other, so that the canting areas often slightly overlap each
other. The total length of caving banks from Cairo to Donaldsonville, a midstream
distance of 885 miles, is 921 miles. About 16 miles of this pertains to islands.
With a very few exceptions there is more or less caving at all of the bends, but the

amount of caving does not seem to bear any definite relation to the curvature. The
maximum caving occurs in comparatively straight reaches, such as Leota, Raleigh,
Milliken, Carlyle, Oak Bend, etc., while the extraordinary bends above Greenville
show caving far below the maximum. Darnell Point, 80 miles from Cairo, is an ex-
ample of excessive caving in a long, straight reach of river.

a The plat of original report, showing area of caving in square yards, has been replaced
by a new plat showing volume of caving in cubic yards.

9.869604064

Table: Average annual amount of caving on both banks, Mississippi River, Cairo to Donaldsonville


460406968.9
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The annual erosion er mile of river reaches its maximum in the vicinity of Raleigh.
In the vicinity of Oa Bend, below Vicksburg, it reaches nearly the same amount.
After passing Natchez the erosion becomes rapidly less and from the Red River down
is quite small in amount.
The character of vegetation on the banks has no apparent influence on the extent of

the erosion. In a caving bend which is partly cultivated and partly timbered the
shore-line curve is smooth and regular, showing that they are eroded with equal facility.
Of 37 localities between Cairo and Vicksburg, where depths of less than 10 feet were

reported in 1891, 21 were found to be at the foot of or immediately below rapidly cav-
ing banks.
The amount of erosion given in these tables is doubtless considerably less than the

total movement. In some localities where rapid caving was going on at the time when
the firt surveys were made now we find a heavy fill.
Opposite Commerce, Miss., is a case of that kind, where a caving bank in 1879 has

filled about 2,000 in width and about 5 miles long, a part of which is now cultivated.
It is not improbable that there are places where the process of scour and fill has been

repeated several times during the intervals between the surveys. The total movement
by erosion would probably exceed the amount given in tables by about 15 per cent.
The average annual amount of erosion, as derived from the tabulated results, is found

to be about 9j acres in area by 66 feet deep for each mile of river, or a total for the river
between Cairo and Donaldsonville of 10 square miles by 86 feet in depth annually.

Erosion does not necessarily mean a widening of the bed of the river. The eroded
bank is generally followed by an equivalent fill on the opposite bank, and in some
localities of excessive erosion the bed has actually grown narrower.
The composition of the banks is not given in sufficient detail to determine the rela-

tion, if any, between character of banks and erosion. In the region of excessive caving
the banks are largely composed of sand. In some localities where the banks are de-
scribed as being clay the erosion has been but slight.

Respectfully submitted.
J. A. OCKERSON

Assistant Engineer.
Capt. CARL F. PALFREY,

Corps of Engineers, U. S. A., Secretary.
New estimates of the area and volume of caving banks computed by the Board

during the past year from the Commission maps of the river between Cairo and Arkansas
River, about 400 miles, show for the period 1891-92 to 1902-1904 an annual volume
of caving approximating that of the eariler period, indicating that from Cairo to the
Arkansas River, a stretch where little revetment work has been done, the rate of
caving has been practically unchanged since 1876-1882.
Measurements of the lengthIof caving banks from Cairo all the way to the mouth of

Red River made by this Board show a total length of 749 miles of caving along a
river channel of about 790 miles. Only banks actually caving were measured.

Similar measurements were made during the present year (1908-9) as to the
extent of caving banks on the river between Cairo and St. Louis, by which it was
shown that the volume of earth falling into the river from that reach averaged annually
64,000,000 cubic yards from 1879-1889; nearly 48,000,000 cubic yards from 1889-1899;
and about 49,500,000 cubic yards from 1899-1907, the diminution of such caving in
the last eighteen years evidenced thereby being considered due to the extensive revet-
ments that were built along this reach between 1881 and 1905.
Experiments conducted 'ii 1879 under the direction of the St. Louis U. S. Engineer

Department at the mouth of the Missouri River to determine the amount of sediment
coming into the Mississippi River from the Missouri above St. Louis (p. 1653, Annual
Report Chief of Engineers, 1881, and p. 3090, Annual Report Chief of Engineers, 1887)
showed that the floating sediment alone, resulting from caving banks in the Missouri
itself, amounted to 187,000,000 cubic yards during nine months of the year. As these
observations took no account of the heavier matter in the foot of depth nearest the
bottom, nor of the solid material (such as sand or gravel) driven along the actual bed
of the river by its currents, Colonel Suter considered it safe to assume that fully
400,000,000 cubic yards of material then came out of the Missouri River in twelve
months, It is probable that at least the same amount of material is still coming out
of the Missouri River at the present time. Other observations by the U. S. Engineer
Department and the Missisppi River Commission indicate an outflow of sediment
and rolling material of about 36,000,000 cubic yards per year from the Ohio River,
about 5,000,000 cubic yards per year from the Arkansas River, and about 6,000,000
cubic yards per year from the Red River.
By the above showing, the amount of material originating from caving banks which

the Mississippi Riv er, between St. Louis and permanently deep water in the river
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below Donaldsonville, must carry along and diepoee of every year,. amounts to more
than one and one fourth billion cubic yards.: I is is over twenty times as much as
is carried annually by the Danube Dnieper, Volga, Rhone, Nile, Hooghly or La Plata,
and over fifty times as much as by the Loire and Durance, although these foreign
rivers are considered specially difficult of improvement because of their silt and other
water-borne material. This one and a quarter billion cubic yards of material coming
every year into the river from caving banks along the Mississippi and lower Missouri
rivers is equivalent to a volume 1 mile square and almost 1,200 feet high, and this
amount must necessarily be picked up by the water currents of the Mississippi below
the mouth of the Missouri and carried dr'-n the riser until it is deposited by some-
freshet at other places above low-water le'a Al, or rea ties the Gulf of Mexico.

Until the caving of banks can be stopped in the Mississippi River below St. Louis,
either entirely or to a large extent, it is practically hopeless to expect any improvement
of low-water conditions in the open river, The bank erosions must continually bring
about new conditions of river bends and river channels, and the loosened material-as
it goes down the river must necessarily continue to form obstructing bars, shifting with
every change of water conditions and requiring constant removal. As above ex-
plained, sliding banks and sinking-banks are mainly independent of river conditions,
and the slumping banks occur only intermittently at high-water stages; but the
eroding banks, especially below low water, are constantly in action. Under such
circumstances any increase in water flow near low-water stages is liable to do-as much
damage by extra erosion of banks as it is to do good by adding increased channel
depth. The only known remedy for eroding$hnks-is their protection both below and
above' low water by some form of continuous revetment. The experience of the
government engineers during many past years has shown that protection of banks by
mattress below low water and by paving above low water can be secured anywhere
along the Missourivand th'e Mississippi rivers.

In the above description of caving banks and shifting bottom of the Mississippi
River little has been said of the river below the mouth of Red River, since in this
section of the river the boat channel has always had several hundred feet of width over
a depth far in excess of that at the river mouth? and no work of channel improvement
has been necessary except the removal of occasional snags and the protection of caving
banks along city wharves and landings and at a few places where an undermining o6
the levee might cause exceptional danger to the river from crevasses. For a long
term of years all ocean steamers able to go from the Gulf through the Passes up the
Mississippi River to New Orleans have been able to go fully 175 miles farther up the
river with perfect ease and safety to and past the cities. or towns of Donaldsonville,
Plaquemine, Baton Rouge, and Bayou Sara.

APPENDIx No. 2.

MEMORANDUM OP PROJECTS FOR IMPROVEMENT OF THE MISSISSIPPI RIVER FROM
ST LOUIS, MO., TO THE GULF.

(Prepared by Assistant Engineer Kivas TuBy, under direction of the recorder.]

The first general projects for the river from the mouth of the Missouri River to New
Orleans were submitted in connection with an examination of transportation routes,
to the sea under act of Congress approved June 23, 1874. That portion of the river
between the mouth of the Missouri River and the'Ohio was included in the project
of Col. J. H. Simpson, Cows of Engineers, and from Cairo to New Orleans in that of
Maj. C. R. Suter, Corps of Engineers members of the Board appointed under that act.
In the absence of reliable data at that time these projects were stated to be merely
tentative.
Under authority of act of Congress of June 28 1879 creating the Mississippi River

Commission, and subsequent laws relating to ie subject, a detailed survey of the
Mis ippi River from thePHeadof Pames to its headwaters has been completed; also
extensive hydrometrical and other observations have been made and valuable data
collected, all of which have been available for the purposes of the present Board.
The present and past projects for the improvement of the Mississippi River below

the mouth of the Missouri will be referred to separately in the following order:
1) Mouth of the Missouri River to the Ohio River.-
2) Mouth of the Ohio River to the Head of Passes.
3) The Passes.
1) Miesissippi River between hisu and Ohio river.-In 1836 Congress appro-

prated W15,000 for improving St; Louis harbor. As this was insufficient for the pur-
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pose,$35,000 additional wasappropriated in 1837. These funds were applied to.
system of works projected by Lieut.R. B. Lee, Corps of Engineers, which, by the assist-
anco of the city of St. Louis, resulted in closing the chute east of Bloody Island. The
next appropriation for St. Louis was $25,000, June 11, 1844, for removing obstructions
to navigation in that harbor.
Improvement work was continued at St. Louis in 1872 under the appropriation of

that year for the section of the river from mouth of Missouri River to the mouth of the
AMaranmec River; the appropriation was made in accordance with recommendations
submitted by a board of army engineers April 13 1872. This practically began the
work on the Mississippi River between the mouth of the Missouri River and Cairo,
and work was continued for several years as appropriations were made by Congress.

Before work was begun this section of the river had a channel depth of only 34 to
4 feet at low water. These first works consisted of dikes and damsofbrush and stone,
erected with a view to confining the low-water volume to a single channel, and of
revetments to hold and preserve the banks where it wasdeemed necessary. This
improvement work was inprogress in 1875, and was along the lines of the project for
this portion of the river submitted by Col. J. H. Simpson, Corps of Engineers, January
20, 1875, in connection with the examination of transportation routes to the sea.
The project followed up to the present time, with some later modifications relative

to temporary expedients, has been that adopted in 1881, approved by letter of the
Chief of Engineers dated March 31, 1881.
This project contemplated the confinement of the flow of the river to a single

channel having an approximate width of 2,600 feet at bank-fullstage(the natural
width in many cases being a mile or more at mean high water), this result to be
sought by closingslo'iihs and secondary channels andby building out new banks
where the natural width is excessive, using for this purpose permeable dikes or hur-
(lies of piling that collect andhold the solid matter that is carried in suspension or
rolled on the bottom of the river; the banks, both new and old, to be revetted or
otherwise protected where necessary to secure permanency.
The object of the improvement is to obtain ultimately a minimum depth, at stand-

ard low water of 6 feet from the mouth of the Missouri to St. Louis and of 8 feet
from St. Louis to Cairo,
The act of Congress approved June 3, 1896, modified theproject'of 1881 by making

the appropriation for this section of the river, and any aance of former appropria-
tions, or so much thereof as might be necessary, available for the construction and
operation of dredge boaw, portable jetties, and other suitable appliances, with the
view of ultimately obtaining and maintaining a navigable channel from St. Louis
to Cairo.
The next river and harbor act, June 13, 1902, made appropriation for carrying on

the systematic improvement of this section of the river, It also authorized the
Chief of Engineers to operate one or more of the dredges then under control of the
MTississippi River Commission, operating expenses to be paid from the appropriation
for this section of the river. This authority was not exercised, however.
A board of engineersconstituted under the act of Congress approved June 13, 1902,

in itereport datld November 12, 1903, estimated the cost of the work remaining to be
donoeat,$20,000,000, with annual expense of $400,000 for maintenance, but it was
hoped that the cost might be materially reduced by a more extensive use of dredging,
which ws made one of its recommendations.
The river and harbor act of March 3, 1905, made a radical departure from the

project of 1881 as previously outlined, confining the work of improvement to dredging
and temporary expedients and providing for the construction of two additional
hydraulic dredges of the most approved type.
By joint resolution of Congress approved June 29, 1906, the Secretary of War was

authorized, in his discretion, to expend any portion of the balance then remaining to
the credit of this improvement for the repair or completion of improvements under
way, or for the construction of other works in accordance with general plans already
made or approved.
The river and harbor act of March 2, 1907, reaffirmed dependence upon dredging as

the principal means of improvement, and, as subsidiary thereto, provided alo for
the maintenance and repair of existing works of permanent improvements and finally
for the constriction of similar works with any portion of the appropriation not nec-
essary for the accomplishment of the purposes first named. The annual appropria-
tion was reduced to about 40 per cent of that hitherto made, continuing contracts to
Ithe amount of $750,000 were authorized, and the expenditure in one year limited to
about $250,000.

a Standard low water reads 4 feet on the St. Louis gauge.
H. Doc. 50, 61-1
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A partial improvement of the entire extent of the river from St. Louis to Cairo
has been accomplished under the foregoing projects and navigable channel depths
have been materially increased.
The total amount appropriated by Congress for the Mississippi River from mouth

of the Missouri River to Cairo is approximately $12,778,579.92.
(2) Mouth of Ohio River to Head of Passei.-The commission of engineers appointed

by act of Congress, approved June 22, 1874, to report upon the best system for the
permanent reclaination of the alluvial basin of the Mississippi River from inundation
submitted a report in January, 1875, recommending: First, keeping open the Atcha-
falaya and La Fourche and possibly reopening the Plaquemine; second, a general
levee system extending from the head of the alluvial region to the Gulf, including
the valleys of :the tributary streams. The main lines to be of sufficient height and
strength to restrain the floods, and where reasonable security against caving requires
large areas of front lands to be thrown out, protection against ordinary high waters to
be given by low front levees closely following the bends. This board also recom-
mended that an elaborate survey be made as soon as possible by the General Govern-
ment to furnish data for caring out the plans recommended. The board also sug-
gested that a central governing body, composed of representatives from the several
local levee boards, be organized in order to secure uniformity of fiction throughout
the different districts.
Extensive levees had been built prior to that time by private or local and state

authorities; these levees, however, were originally of insufficient height and cross
section, and had been built without regard to a uniform grade line.
The report of this board is particularly mentioned here as the building of a complete

levee system is now regarded as necessary to give ease and safety to navigation as well
as to fulfill the purpose for which the board recommended it. The subject will be
again referred to further on. -

Maj. CM) R. Suter, Corps of Engineers, in his report dated February 18, 1876, in con-
nection with navigation routes to the sea, before referred to, suggested that a thorough
survey be made of the river from Cairo to the mouth of Red River and states further:
"To increase the low-waterdepthe from 41 feet to6 feetis, in my opinion, aboutas much
as should for the present be attempted. This, in all ordinary Seasons, will probably
guarantee 8 feet, except for probably, at the most, a few days in each year.'
The report recommended the appropriation of $200,000 for improvement work for

the following season, and of $25,000 for a survey from Cairo to Reeves bar, 250 miles
below.
A board of engineer officers was appointed July 8, 1878, to consider the improvement

of the low-water navigation of the Misissippi River below Cairo and submitted a
report on January 25, 1879, containing the following recommendations:

"First. That an appropriation of $600,000 be asked for the improvement of Plum
Point reach.

"Second. That the improvement be effected by narrowing the shoal and wide por-
tions of the low-water river to about 3,500 feet and by protecting caving banks where
necessary. This narrowing and limiting of the low water to be effected if possible by
constructions of much lighter and cheaper character than those heretofore used if
after thorough experiment, such shall be found efficiently if not, then in last resort,
by ordinarydike of brush and fines, stone and gravel, used in such works in this
country and Europe."
By act of Congress approved June 28, 1879, The Mississippi River Commission was

created and certain duties assigned to it. Among these were to direct and complete
such surveys of the Missi ippi River between the Head of Passes, near its mouth,
and its headwaters as were then in progress. To take into consideration and mature
such plan or plans as will permanently locate and deepen the channel and protect
the banks of the Mississippi River; improve and give safety and ease to the naviga-
tion thereof; prevent destructive floods, and promote and facilitate commerce and
the postal service.
On February 17, 1880, the Mississippi River Commission made a preliminary

report in which various plans of improvement wer disussed and the plan of the
Low Water Board in the first and second recommendations, as given above, Wa
substantially approved, recommending, however a low water width of 3,000 feet.
The project recommended by the Mississippi iiver Commission for the systematic

improvement of the river from Cairo to the Head of Passes was practically adopted
by act of Congress, approved March 3, 1881. This contemplated ultimately obtainng
a channel depth of at least 10 feet at low water below Cairo.
Under this project work has been done principally in two reaches known as Plum

PoiD t reach, 147 to 186 miles below Cairo, and Lake Providence reach, 617 to 552 miles
below Cairo. These reaches were selected purposely as they included some of the
places of most difficult low-water navigation on the river at that time.
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The methods of improvement employed under this' project consisted mainly of
contraction works and bank revetment.

In Plum Point reach the works comprise about 67,400 feet of bank revetment, the
closure or partial closure of chutes by brush and stone dams and pile dikes, and a levee
along the left bank to confine the flood waters more nearly to the low-water channel.
As a result of all these works the banks have remained practically fixed and the navi-
gable depth at low water has been materially increased since the works approached
completion. Some revetment work is now being done at Osceola, Ark., and at Fletch-
ers Bend above Wolverton Eddy where some abatis dike work is also in process of
construction.
In Lake Providence reach the works consisted mainly of pile dikes for the contrac-

tion of the width and revetment of banks to prevent erosion. A considerable deepen-
ing of shallow crossings has resulted from this work, though most of the structures,
which were comparatively weak, have been destroyed. The cost of revetment work
has been gradually increased g.o more substantial methods of construction have been
devised in order to secure better results.
At present, work of this kind is mainly confined to maintenance of existing works

and revetment of caving banks where important levees or river interests are threatened
by erosion. Dependence for maintaining the low-water depths for navigation is now
placed upon the improved hydraulic dredges which have been constructed since the
modified project of 1896 was adopted.

Prior to 1881 levees had been built by private owners of land and by local and state
authorities, as previously mentioned, and always for protection against overflow.
During the war of 1861-1865 the levees were destroyed in many places and for some
years thereafter were allowed to deteriorate still more.
Since 1881 the building of levees has been carried on extensively by the United

States as part of the general project for the improvement of the river below Cairo,
with some restrictions in the appropriation acts prior to that of September 19,1890. State
and local levee organizations have also aided extensively in levee building, the work
(lone by all parties of late years has been in conformity with the grades and methods
of construction adopted by the Mississippi River Commission, and the present effi-
ciency of the levee system has been largely due to this fact. The extension of this
levee system on the right bank up to Cape Girardeau, Mo., was authorized in 1906.
The system of levees existing at present comprises a total length of 1,486 miles with

a content of about 220 million cibic yards.of earthwork, including that built by state
and local authorities. During the high water of 1908, which was of unusually long
duration, the flood waters were carried from Cairo to the Gulf without any breaks
occurring in the levees.a Much work still remains to be done in order to complete
this levee system.
In accordance with the act of Congress approved June 3, 1896, a modified project

was adopted for obtaining and maintaining bymeatsof hydraulic dredges a channel
in the Mississippi River below Cairo having a width of 250 feet and a depth of 9 feet
throughout the year, except when the river is closed by ice.
Under this project ten hydraulic dredges have been constructed and operated below

Cairo and have succeeded in maintaining the project depth and width except for
short periods in 1903, 1004, and 1908.
During the low-water seasons of 1907 and 1908 dredging was done at three selected

localities in order to teat the feasibility of maintaining a channel 500 feet wide and 14
feet deep at low water. (See Appendix No. 8.)
Work of harbor improvement below Cairo has been carried on at the following places,

the number in parentheses being the distance in miles of each place below Cairo:
Coijimbus, Ky. (21), Hickman, Ky. (36), New Madrid, Mo. (71), Caruthersville; Mo.

(110), Oceola Ark. (163) Memphis, Tenn. (230), Helena Ark. (306), Greenville,
M1is. (478), Vicksburg, (im. (600), Natchez, MAl., and Vidalia, La. (700), New
Orleans, Lv.. (957 to 964).

Rectification work has also been done at the mouth of Red River. This has mainly
consisted of Fill damq near the head of the Atchafalaya. Bank revetment has been
done for the protection of important levees at the following places:
Old TowvnBend Ark. (324), Bolivar, Miss. (417), Panther Forest, Ark. (487), Long-

wood, Mi,,. (500), take Providence, La. (542), Fitlers Bend, Miss. (652), Reid-BIedford
Bend, La. (605), Bondurant Chute, La. (644), Kempe Bend, La. (658). Revetment
work and abatis dikes were also constructed at Walnut Bend, Ark. (281), in connection
with the prevention of a cut-off into the St. Francis River and for the protection of the
levee.

a An unconfirmed press report states that a small break, quickly closed, occurred
about 8 miles below New Orleans.
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At all of the harbors, except Memphis, Helena, Greenville, Natchez, and New
Orleans, the improvement works have mainly consisted of mattress work and bank
paving. The V cksburg Harbor work has included the canal work from the YazooRiver into the old river bend.
At Memphis about 14,800 linear feet of bank is now protected by mature revetment

and spur dikes. At Helena the work consists of about 4,900 linear feet of bank protec-
tion, of which 1,400 feet is dike work and 3,500 feet continuous revetment. At Green-
ville the first work done in 1887-88 consisted of spur dikes. Additional spur dikes
were placed in 1890. Some of these dikes were washed out in 1891 and the plan was
changed to continuous revetment work in that year. About 12,500 linear feet of bank
is now effectively protected by revetment. At Natchez the work has mainly been
confined to the protection of Cow Pen Neck to prevent a cut-off just above Natchez.
At New Orleans work under the present project was begun in 1883 and has continued
since as funds were available. The steep banks and great depths make the preserva-
tion of the banks difficult and expensive. The method of piling used by municipal
and private corporations has not been successful, and the methods used by the Mis-
sissippi River Commission, consisting of spur dikes and mattress revetmient, are now
recognized as the best and are used at present-about 51 miles of bank have been so
protected.
These works generally have given satisfactory results as far as they have been car-

rie(l; in many cases the work is still in progress.
The total amount expended on the improvement of the Mississippi River from the

mouth of the Ohio to the Head of- Passes, including the general survey to the head-
ws ters, is, approximately $58,714,191.28.
The above does not include the locks at Plaquemine, La.
Passes at the mouth of the Misisnippi River.-At present three passes branch from the

main river. These are, named in the order of their importance, Southwest Pass, South
Pass, and Pas a Loutre.
South Pass has been improved and has been the main pass for navigation for the

last thirty years with a central depth of 30 feet. Southwest Pass improvements are
now nearing completion and will give this pass a depth of 35 feet. Detailed state-
ments of the work done at the Passes and the results accomplished will be found in
the annual reports of the Chief of Engineers.
The improvement of the bars at the mouth of the Mississippi dates from 1837.
The present method of improvement, by "parallel jetties at the mouth of the Passes

combined with the closure of lateral outlets if necessary," was recommended to Con-
gress by a special board of United States engineers in 1852. The recommendations of
this board were as follows:

First. That the process of stirring up the bottom by suitable machinery should he
tried.
Second. If this failed, that dredging by buckets should be tried.
Third. If both these modes failed, that parallel jetties should be constructed, 6

miles in length, at the mouth of the Southwest Pass, to be extended into the Gulf
annuall, as experience should show to be necessary.

Fourth. Should it then be needed, that the lateral outlets should be closed.
Finally, should all these fail, a ship canal might be resorted to.
The act of Congress of Augut 30, 1852, appropriated $75,000 for improvement by

stirring up the bottom and dreding, in accordance with the first and second recom-
mendations above given, with the requirement, however, that the work should be
done by contract; this money was spent at the Southwest Pass with as successful
results per dollar as any dredging of its day. No additional funds were appropriated
by Congress for this work for several years thereafter, and the channel gradually filled
up again.
In 1856 Congress made a further appropriation of $330,000, for opening and keeping

open for five years the Southwest Pass and the Pass a Loutre, with the requirement, as
before that the work should be done by contract; this money being spentin accordance
with tie third recommendation of the United States Engineer Board of 1852, upon the
construction of parallel jetties on the bars combined with the closure of the minor
pases. The failure of the contractors to do the promised work and the war of 1861-
1865 put a stop for several years to any continuation of the system of improvement by
jetties and dredging.

Capt. A. A. Humphreys, Corps of Engineers (later Chief of Engineers), in a report of
February 25, 1860, attributed the failure to obtain the desired depths to insufficient
appropriations, coupled with the requirement in the act of 1856 that " the work must be
done by contract."
The subsequent improvement of the Passes by Mr. Eads, beginning in 1875, and in

accordance with the third recommendation of the 1852 United States Engineer Board,
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proves the correctness of the Judgment of that board. All subsequent improvement
of the Passes, up to to-day, has followed those recommendations.
The present projects for the improvement of the Passes provide for depth of 26 feet

over 200 feet of bottom width, with a central depth of 30 feet at the South Pass, and
35 feet depth over 1,000 feet bottom width at the Southwest Pass. The channel at
the South Pass, commenced in 1875 by Mr. Eads, was practicallyScompleted by him
in 1879, and, with the help of annual dredging, has been practically maintained up
to date. The channel at the Southwest Pass, commenced in 1900, is now nearly com-
pleted, but, like the other, will probably require constant redredging.
The total amount expended to date for improvement of the Passes of the Mississippi

River, including surveys, is, approximately, $16,713,109.15.
Recapitulation of appropriations for improvement of the Mississippi River from the

mouth of the Missouri River to the Gulf of Mexico:
Mouth of the Missouri to mouth of the Ohio.a $12, 778, 579. 92
Mouth of the Ohio to Head of Passes.............................. b 58, 714, 191. 28
The Passes................................ 16, 713,109.15

Total..................................................... 88,205,880 35
NOTE.-The above amounts have been compiled from official records. House

Executive Document No. 64, Forty-eighth Congress, first session, and House Docu-
ment No. 421, Fifty-seventh Congress, second session, except as noted above, to 1903,
and from that date on from the appropriation bills.
In the Mississippi River, as at present improved, there usually exists, and&has

existed since at least 1901, a good navigable channel of at least 8 feet depth ,over at
least 200 feet width for the 182 miles of river between St. Louis and the mouth of thee
Ohio River; and of 9 feet depth and 250 feet width for the 790 miles from the mouth
of the Ohio River to just below the mouth of the Red River; and of at least 30 feet
depth and several hundred feet width for the remaining 320 miles down to the Gulf.
Minor deficiencies in channel for a few hours or days (until a dredge could reach the
locality and dredge the crossing) have occasionally occurred during the low-water
season when the shoaling of some crossing took place suddenly through rapid fluctua-
tions in river stage while the'dred.ing plant was engaged elsewhere; but deficiencies
for more than a few days at a time alve occurred only in the winter season when navi-
gation was closed by ice or fear of i<e, am-c'ating above Cairo about one month per
year, and from Cairo down as far Coult'h as Ld-;xahis only a few weeks per year in occa-
sional years. A good channel of at least 14 ieelt depth can usually be found every year
between St. Louis and Cairo (luring from one to two months, and between Cairo and
the Gulf during from five to eight months.
The existing improved waterway of the Mississippi River below St. Louis fully

equals, and over the greater part of its extent far excels, in depth and duration of
unobstructed use, existing river systems of Europe, where the nontidal sections are
usually given depths of only 3 to 9 feet, 9 feet being exceptional and 10J feet a
maximum.

APPENDIX 3.

Work done and remaininq to be done to complete improvement under project of 1881, im-
proving Mississippi River between Ohio and Mis8ouri rivers.

(United States Engineer Office, St. Louis, Mo.]

DISTRICT, OHIO RIVER TO MISSOURI RIVER, 19) MILES.

Rock banks..........................................................miles.. 75
Banks protected by hurdles in construction works.......................do... 71
Banks protected by hurdles in construction works, proposed.............do... 30
Banks protected by revetment............................. do... 60
Banks protected by revetment, proposed...............................do... 54
Bank which will notrequire protection(city fronts, sheltered points, etc.). .do ... 90

Total.......do.............................. do . 380

a$12,703,579.92 from 1872 to date, from statement of district engineer's o Bice;
$76,000 appropriated prior to 1872 from H. R.

b Includes general survey, Head of Passes to the headwaters.

9.869604064

Table: [No Caption]
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Islan(l sloughs already closedZ............................ . .

Island sloughs open..............*.......*.*.-.-

Hurdles built (average length 1,400 feet) .............. no..
334,888 linear feet above Grand Tower.
37,640 linear feet below Grand Tower.

Above
(O rand 'Tower

I 16 mIles.
243

372,528 linear feet total.
Hurdles now in order.

200,396 linear feet above Grand Tower.
25,410 linear feet below Grand Tower.

225,806 linear feet total.
Hurdles probably required.

150,000 linear feet above Grand Tower.
105,000 linear feet below Grand Tower.

. do..

..(10.

255,000 linear feet total.
l3snk protection built (304,043 linear feet) ......... miles..

fiepairs built 11 per cent.
Bank protection now in order .........................

161,868 linear feet above Grand Tower.
74,290 linear feet below Grand Tower.

236,158 linear feet total.

Banks which may yet need protection.do....
Banks which may yet need protection, in front of hur-

(Iles....... miles..
Banks which may yet need protection, in front of proposed
hurdles.....miles..

Total banks which may yet need protection....d..... 1104. 0 53. 0

COSTS.

Construction between Illinois and Missouri rivers...... $201, 420. 06

Dikes and dams; prior to 1881, 28,771 linear feet (aver-
age cost, $24.05) .................................... 691,893.46

Hurdles, 372,528 linear feet (average cost, $17.37 per
linear foot), inclusive of maintenance............... 6, 471, 352. 56

Protection, 304,043 linear feet (average cost, $10.50 per
linear foot), inclusive of maintenance.............. 3, 192, 822. 16

Jetties (temporary expedients).114, 603. 53

Dredging............................................ 662, 203. 25

Surveys.... 289, 327. 60
$11, 623, 622. 62

Property on hand................................................ 722, 917. 59

Material on hand I 72, 138. 40

Depreciation, care, and sundries for plant (thirty-five years)......... 643, 991.59

Appropriation unexpended June 30, 1908............................. 376, 703. 86

Total....................................................... 13,439, 374.06

22
6

Below
Grand Tower

74 infles.
24

17220

100 70

41. 0 16. 6

30.7 14. 0

OG. 0

60. 0

14.0

25.0

12. 0

16. 0
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PROBABLE COST TO COMPLETE.

Hurdles, 300,000 linear feet, at $22.50.............................. S6, 7o0,000
Bank protection, 900,000 linear feet, at $15...................... 13, 500, 000
Repairs, maintenance, etc.1, 000, 000

Total...................................................... 21, 250, 000

APPENDIX No. 4.

LETTER OF ASSISTANT ENGINEER WM!. S. MITCHELL.

ENGINEER Onxoz, U. S. ARMY,
St. Louis, Mo., January 21, 1909.

COLONEL: I have the honor to transmit herewith a memorandum on a project for
obtaining and maintaining by hydraulic dredging alone a navigable channel, 14 feet
in depth by 600 feet in widh, in the Mississippi River between St. Louis, Mo., and
the mouth of the Ohio River, in accordance with the resolution of the Board on Exami-
nation and Survey of Mississippi River, convened in third session, May 7 and 8, 1908,
reading:

"Resolved That estimates be prepared of the cost of improving the Mississippi
River from §t. Louis to Cairo."

* * * * * * *

"Second, by obtaining and maintaining, by dredging, a depth of 14 feet for at least
500 feet width in the open river;"
the preparation of the required memorandum and estimate having been assigned to me.

Very respectfully, your obedient servant,
WI!. S..MITVHELL,

Assistant Engineer.
Col. W. H. BIXBY,

Corps of Enqzineers, U. AS. Army,
Senior Mern ber, Board on Examination and Survey of

Mississippi River, St. Louis, Mo.

MEMORANDUM ON A PROJECT FOR MAINTAINING BY HYDRAULIC DREDGING ALONE A
NAVIGABLE CHANNEL 14 FEET IN DEPTH BY 500 FEET IN WIDTH IN THE MISSISSIPPI
RIVER BETWEEN ST. LOUI- "O., AND THE MOUTH OF THE OHIO RIVER.

(Prepared by Assistant Engineer Wm. 8. Mitchell.]
The natural depths of channel throughout the river section in discussion, do not

reach or exceed the 14 feet desired except at stages above 20 feet on the St. Louis
gauge, a height but a few feet below that of mean annual high water (26.5 feet).
These high stages may, and do occasionally, occur as the result of sudden freshets

at any time of year, but they are unusual except during the annual high water of the
spring and summer, between the latter part of April and the early part of July, a
period of about two and one-half months. High stage, however, is not sustained
throughout this entire period, but owing to fluctuations aggregates about one and one-
half months.
For this length of time, therefore, artificial aid for the maintenance of the 14-feet

depth will probably be unnecessary.
Aain at low water navigation is usually suspended intermittently because of ice

during becember, January, and February, but in the aggregate the suspension is
rarely for longer than one-third to one-half of the winter season.
During the remainder of the year, July to December and February to April, reliance

for maintenance of the desired channel depth must be placed upon artificial means,
which, in the project under consideration, is by dredging, and throughout these
periods any dredging plant provided will have to be in commission continuously,
and at work continuously or intermittently as may be needed
During the winter the formation of ice gowes will probably partially or wholly

obliterate the channels which may be securedby dredging during the fall low-water
period, compelling, dunn the spring period reed to-about two months-a repe-
tition of a part or of the whol of the work of the former season.
This short spring season will most likely test fully the total dredging capacity of

the plant, which, therefore, must. be based upon performance of the full amount of
work required during that time.
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Nevertheless the major part of the year's work of dredging will probably be done
during the long low-water period of each year commencing in early July, almost
immediately upon the beginning of fall in stage from annual high water, and contin-
uing until the appearance of ice in early December, a period of about five months.
The two main sources of supply of sedimentary matter passing through this river

section and forming within it the obstructive bars are the Missouri River and the caving
banks of the reach. From the former it is estimated that between 250,000,000 and

400,000,000 cubic yards are annually received and from the latter one-fifth to one-
fourth as much.
Measurements of the erosion of the banks by ten-year periods for the thirty years

during which bank-protection works have been in progress show annual losses as
follows:

1879-1889, 921 acres, 64,000,000 cubic yards.
1889-1899 633 acres, 48,000,000 cubic yards.
1899-l1907, 676 acres, 49,500,000 cubic yards.

Although the direct relationship is unknown, the decrease in caving in the latter two
periods may be credited to the extension of protection works, which, at the mid periods
1885, 1895, 1905, had reached totals of 66,000 linear feet, 106,000 linear feet, and 289,000
linear feet, respectively of banks protected.
The bars formed of the materials thus brought into the river fluctuate in height

with the river stages, and examination of the channel soundings of the past thirteen
years shows that.for each foot in rise of water surface only about 0.6 foot is gained ill
navigable depth throughout the district, which means that the crests of one or moreof the bars within thereach rise correspondingly about 0.4 foot.

Owing to these fluctuations in bar heights and to the influence of duration of stage
uponchannel depths, estimation of the full amount of excavation and its removal to
one side of the channel that may be necessary to secure 14 feet depth of channel at all
stages above zero on the St. Louis gauge, can not be exact; but as based upon the
soundings and profiles of the Board on Examination and Survey of the Mississippi
River, which are thought to represent typical conditions, removal of 35,000,000 cubic
yards will be required from 68 localities or bars within the district of 175 miles, and
the total length of excavated channel will be 61 miles.
Mean annual low water is, however, about 2.2 feet above zero, St. Louis gauge, and

such average condition of stage would reduce the excavation to 20,000,000 cubic
yards from 61 localities, and the length of excavated channel to 47 miles.
The presentproject to obtain 8 feet depth for 200 feet in width of channel requires

excavation at zero stage of only 2,300,000 cubic yards from 39 localities, and a length
of excavation of 19 miles.

Using the largest quantity, 35,000,000 cubic yards, of excavation required and the
shortest time two months, for its accomplishment, the dredging plant must have
capacity for the removal of 17600,000 cubic yards per month.
At least one-third of the time incommission of each dredge must be spent in

maneuvering on each bar,, in traveling from bar to bar, in minor repairs, in cleaning
boilers, and inmany incidental interruptions to actual dredging. The dredging
time, therefore, will probably be reduced to only twenty days per month, and the
total capacity ofplant must be correspondingly increased to about 90,000 cubic yards
per day,Ior40,000 cubic yards per hour, which for its accomplishment will require
at least 20 dredges, each in capacity as great as the dredge larrod of the Mississippi
River Commission (2,000 cubic yards per hour) and even this number of dredges
will be able to work simultaneously upon less than one-third of the number of bars
which may become obstructive.
The cost of such a plant, including the attendant vessels, shops, etc., -necessary,

is based upon cose of vessels in existence of the various types incdicated, and will be
as follows:
Twenty steel-hull dredges, Harrod type, at $250,000 each ................ $5, 000,000
Forty wood-hull fuel barges, 500 tons capacity, at $6,000 each ............. 240,000
Three steel-hull towboats, King type, with sufficient power to tow to repair
depot a disabled dredging plant, two of the steamers to be used ordinarily
for distribution of fuel and supplies, and onefor channel examination
and ins ection, at $75,000 each..................................... 225,000

Pour steefrhull.survey boats or tenders, at $20,000 each................ 80,000
One engineer depotfor supplies and repairs, with stores buildings, machine
and boiler shops, forges, etc.......................................... 50,000

One marine ways at engineer depot..................................... 50,000
Tools and appliances, office and survey outfits, etc...................... 25,000
Contingencies and miscellaneous...................................... 30,000

Total cost of plant ......6....,000,000

9.869604064

Table: [No Caption]
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It is not probable that so great a plant can be fully assembled in less than five years,
because of the small number of building yards on the Mississippi and Ohio rivers,
and the time required may be much longer.
The annual operating expense is based upon the expense of dredges under this office

during the past ten years with charges for fuel, deterioration, etc., suited to the larger
dredges contemplated; the whole plant to be-
In commission and operation during nine months of the year, at $10,000
per month for each dredge............................$1............ 1800,000

And laid up in fleet undergoing repairs, etc., three months, at $2,000 per
month for each dredge.............................................. 120,000

Administration, contingencies, etc...................... 80,000
Total annual expense for operation.............................. 2,000,000

This charge is equivalent to an average annual expenditure of $100,000 per dredge,
and includes deterioration and all charges for the use of subsidiary vessels, plant,
and forces.
As the fluctuation in river stage and channel depths are frequent and sudden,

reference need hardly be made to the difficulties of organization and manning quickly
and efficiently such a number of dredges for work of intermittent character and at
points remote from labor supply, unless the crews are retained continuously, thus
greatly increasing the expense for operation.

Very respectfully, Wm. S. MITCHELL,
Assiutat Engise.

ENGINEER OFFICE, U. S. ARMY,
St. Loui8, Mo., January 21, 1909.

APPENDIX No. 5.

PROJEor FOR THE nIPROVEMENT OF THE MIssissiPPi RIVER (MIDDLE SECTION) B9-
TWEEN ST. Louis, MISSOURI, AND CAIRO, ILLINOIS, TO PRODUCE A WATERWAY
HAVING A CHANNEL DEPTH OF 14 FEET AT LOW WATER IN THE OPEN RIVER, BY MEANS
OF COMPLETE REGULATION WORKS; WITH ESTIMATES OF THE COST OF CONSTRUCTION,
OF MAINTENANCE, AND OF THE PROBABLE TIME REQUIRED FOR COMPLETION; AND
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OUTLrNE oir POBEoT, WIT COYMxNT ON METHODS AND NEEDS.

On this section of the Mississippi the interests of nav tion would at all times be
best served by an open nver; it is believed a 14-foot channel cEn be obtained therein
at a cost commensurate with prospective through commerce between the Great Lakes
and the Gulf of Mexico, with the interior traffic that would be developed throughout
the length of such a waterway, and with the regulative effect that it would have on
freight rates over a large section of country.

If the project adopted gives a channel that is not only practicable for single vessels
of the seagoing type, but that is also available for the larger towboats with their br
fleets unbroken, that meets the needs and has the resulting confidence of water tramns-
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)olklttion interests, a large traffic would be assured immediately on obtaining a 8uffi-
clent chan ci depth.

For a waterway such as is now contemplated, the most feasible project is one that not
only gives the required depth on completion, but affords that depth at the earliest pos-
sible moment after work is started. This desideratum is met by the project for perma-
nent improvement by complete regulation works, dredging being used to give the
desired depth in connection with the permanent improvements as installed, the amount
of dredging being reduced as the works extend, until, on their completion it would take
its proper secondary place and become a branch of the general work oi maintenance
for the quicker removal of temporary shoals.
To promote commerce on the open river it is not sufficient to have merely the requi-

site depth and width of stream; this would serve only the demands of through com-
merce between large centers that can maintain proper terminal facilitates.
Whatever the method devised, there must be a permanency not only of channel but

also of bank lines, and landings must become definitely located points not liable to
erosion or separation from the navigable channel through accretions. And any proj-
ect adopted should have this in view as an ultimate -result in order to meet successfully
the requirements of local traffic, to promote commerce, and to develop towns and cities
along the improved waterway. If only the needs o, through commerce were considered
in the adopted project, and a method of accompl'shing the desired end evolved that
did not' result in permnanence of bank lines, landings, and position of channel, such
project, though affording the requisite depth, could not, if the question were ever
to arise, warrant the assessment of benefits against the owners of reclaimed riparian
lands, as they would derive practically nothing of benefit from an improved river with
variable channel-a river equally liable to diverge from their lands and leave their
shipping improvements valueless, or to attack and totally engulf teir property.
No matter how attractive other methods of creating an inland'waterway-a Lakes-to-

the-Gulf channel-may at first appear, a more deliberate consideration of natural
conditions in the immediate alluvial valley of the Mississippi River clearly manifests
and definitely shows the greater advantage and desirability of complete regulation.

It seems fitting to mention the accepted advantages an improved open river has
over all other methods that are, under the conditions, applicable for obtaining a 14-foot
channel: It has capacity for practically unlimited traffic; it affords equal access to
either side of the stream at definitely assured points; it would offer the means of
reclaiming, wholly or in part, large areas of land which must eventually become
valuable; it offers no locks (liable to inflict or suffer damage) to delay the movement
of boats; it interposes no delay at the opening of each season of navigation to close
secondary channels that may be opened through the action of ice gorges nor to remove
by dredging the deposits formed during the winter. With the location of channel
once fixed, landings and warehouses can be permanently located with necessary
conveniences for the loading and unloading of vessels; the time when navigation is
suspended on account of ice would be minimized; and whether or not of profit to the
country at large, which only its construction and use can definitely show, the cost of
pro(lucing such a waterway would be a safe investment in this respect, that it would
not be in jeopardy of serious injury or of complete annihilation from the ravages of the
river when in flood. In addition, with the danger of their grounding eliminated by
the definite location of the channel, the use of large ice-breaking boats becomes prac-
-ticable; a very few such craft would maintain an open river below St. Louis during all
except the most rigorous winters.
But the particular benefit to be derived from a completely improved and regulated

open river is that the high-water season annually converts the 14-foot waterway into a
20-foot ship channel for about one hundred and seventy consecutive days, compre-
hending the season of wheat harvest.
That any one method of improvement has given best results in some special locality,

even on this stream, is not sufficient warrant for its general adoption, but the merits of
each system as applicable to the particular case under consideration must be carefully
determined.
Whatever project is adopted, the river will require the construction and maintenance

of regulation works if to be of service as a navigable stream for local commerce. If the
project be one of lateral canals, security of river banks will be necessary to insure the
safety of the artificial waterway. If a system of locks and dams for slack-water navi-
gation within the river is chosen, bank protection will also be necessary, wing dams
will be required to regulate the channel width and to remove obstructing sand bars,
and the further aid of dredging may also be required.
For open-river improvement a combination and modification of methods now in

vogue must be developed to meet general and local conditions throughout the district.
Treatment unusual in this country, possibly unprecedented, will be required to
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make thoroughly navigable as an open stream and at the same time keep within due
bounds this difficult section of a moi t unruly river.
That the desired result can be attained is shown by past experience on the Missis-

sippi River, and by the conditions tlat have been produced on this river through
regulation; also by the successful improvinment of the lower 200 miles of the Rhone
with systematic training works, where even before their completion the navigable
depth of an alluvial stream was more than trebled, and this betterment was accom-
plished over a section having a mean slope of more than four times that of the middle
Mississippi.
The plans here outlined are in the main, based on the thirty years' experience of

the United States Engineer office, St. Loi is, with this section of the river. If a
reliable channel in the open river, of the exquisite depth, permanent in location
even under flood conditions, is ever to be obtained, it will be through regulation,
with works so designed that the entire transverse section of the stream may be
controlled.
A depth of 14 feet or lure has generally been obtained at localities in this district

where works have been placed to narrow the stream and remove obstructing
bars. The objectionable accompanying feature is that depths much in excess of
those required for navigation are produced in the reaches so improved, causing a
flattening or local loes of slope that must be compensated at the ends of the stretch
to the detriment of the regimen there and in the reaches above and below, the total
fall for the district not being susceptible of change.
As illustrating the conditions to be ameliorated in this district, assume the case of a

bar composed ofordinary Mississippi River alluvium-mud, sand, and a little gravel-
one such as may readily be cut with the modem suction dredge; also assume it to be a
pool-controlling bar having only 3J feet of water on it at low stages. If a well-defined
channel 14 feet in depth is made across it by any means, the velocity of flow in that
channel will be about doubled, and as a result of that increase the bar will gradually
be cut away to a depth much greater than desired and will cease to exist at that
point, the former shallow becoming a deep. Usually a compensating bar will form
at the nearest favorable place above or below (perhaps at both places a lesser bar),
but if no new bar be so formed, a general flattening of the slope or lowering of plane
must result, causing marked disturbances of regimen. The requisite depth may
thus be created by narrowing or by dredging, but the avoidance of a disastrous deeper
erosion can be assured only by giving to the bottom of the stream the additional
needed resistance to erosion.
Under such circumstances, no regulation works can be considered complete that

govern merely the side boundaries of the channel; the general slope of the low-water
surface must be regulated by fixing in elevation and position the crests of controlling
bars or their artificial equivalent.
This requirement seems to call for such construction works as shall at all stages,

from low water to bank full, give the required narrowing of the stream, permanently
fixing all unstable banks on such alignment and with such slope as is requisite, and
secure complete regulation by controlling at necessary intervals the hydraulic mean
radius of the stream, and to do this without materially changing the mean slope for
natural subdivisions of the river; and if flood control is also to be involved, as it
must if any lands are reclaimed, the works should facilitate the river discharge at
over-bank stages, but must not at any time create excessive velocities interfering
with upse navigation.
Such g system of regulation would embrace three forms of permanent construction,

each distinct in its own function, but all closely interdependent as applied to the im-
provement of this section of river; and in the order of their effects in the producing and
maintaining of sufficiently great controlling depths and of creating and preserving uni-
form slope they are:

I. Side contraction.-The building of new banks to the height of the bank-full stage
on the projected alignment and slope, thus securing the contraction of the stream nec-
;e&ary to produce the required depth; to be accomplished by works of side contrac-
tion-wing dams, permeable or solid.

IL. Bari protection.-The protection of all concave banks in alluvium,whether
natural or created by induced accretion, also when required to preserve alignment
of some sections of straight and slightly convex banks; to be accomplished either by
low training walls or by revetments.

III. Stream-bed control.-The regulation of the entire bed of the stream by fixation,
in sufficient number and on predetermined slope, of the crests of controlling bar,
whether these bars be natural or artificial, thereby equalizing the fall and preservin
a uniform recurrence of neither more nor less than the required depth and width
cross section at these determining points for complete regulation; to be accomplished
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by sill dams or cross weirs, thus maintaining the desired depth of channel when
obtained by the works of side contraction and bank protection.
Although hydraulic dredging is not in itself a part of a system of regulation works,

although it is not essential to the success of a project for obtaniniig and niaintalini-n g th(
requisite depth by regulation works, the permanent works in themselves being ufully
adequate for the accomplishment of such purpose, yet hydraulic dredging is, under
certain conditions, an adjunct of such value that it is included among the features of
this project as the instrument by which the required dlepth can be made available in
advance of the completion of the permanent works and can be quickly regained at
any time thereafter in case of emergencies.
Not only during the construction period, but later during maintenance work, after

all the permanent works have been placed in position, dredging would be of service to
hasten the removal of temporary shoals caused by sudden freshets with fall so rapid
as not to allow even an improved river to correct itself simultaneously with decrease
in stage.
That the association of the above-named three forms of construction, combined with

dredging, will be very much more effective, more certain, and at the same time less
expensive than the use of any one by itself alone, and that such association is necessary
to insure the desired result, is clearlyshown byan examination of the defects inherent
in each when used alone.

Considering side contraction by itself, the most serious objection to its use is the
inevitable lowering of plane and flattening of slopedue to excessive erosion of river bed.
Not only is an abnormally steep slope produced at the upper end of any long alluvial
stretch where increased depth is so obtained, but the decreased fall and unnaturally
narrowed river obstructs the free discharge of floods, and thus aids in obliterating the
low-water channel. Such lowering of slope and delay to the passage of flood waters
results in a greater than normal range between the high and low water planes arid adds
to the time required for establishing a final equilibrium between slope and discharge,
both being disadvantages from the view point of navigation alone.
The river could by side-contraction works be narrowes(l to increase the depth, but

any added depth so obtained may not be permanent, )robably will not, and for such
works that might extend to bed rock the cost would be prohibitive, considering the
indefiniteness of any result so obtained.

If the river from St. Louis to Cairo were continuously narrowed to any considerable
degree without control of the bottom of the stream, erosion would be expected to con-
tinue till a new equilibrium between slope, discharge, and character of bed obtained
everywhere. This erosion might go to bed rock at certain localities, thus creating at
each a natural weir, and the slope being materially reduced a good navigable river
would result if the slope would remain fairly uniform. On this hypothesis the low-
water plane at the upper end-that is at St. Louis-would be lowered indeterminately,
causing rapidsat the Chain of IRocksabove the Aferchants Bridge that would completely
obstruct open-river navigation to the upper AMississippi and the Missouri rivers and
necessitating an additional lift by means of locks between the lower and the upper
rivers.

It is obvious that bank protection by itself, if applied to the natural banks, would
not give a permanent or a navigable channel of greater than natural depth, since on
most crossings a more than average width already prevails; the channel on such cross-
ings is continually shifting and the desired depth is lacking. Moreover, if the align-
ment of the banks and their separation, were that necessary to afford the depth now
required, and if such banks themselves were completely protected, even then bank
protection unaided by other works could not secure permanence of depth, because it
would fail to accomplish its own purpose, for the reason that to be permanently effect-
ive on this river the subaqueous portion of a revetment must extend to the line of deep-
est scour; and as production of the required depth calls for a cross section narrower
than that naturally formed in alluvium on crossings by this stream erosion of the bot-
tom, not only below the former line of maximum scour but generally below the line to
which scour might be desirable, is under these conditions unavoidable and will con-
tinue until followed byitsinevitableconsequence-eitheradecrease in river slopeand
loweringof its plane orthesettling and destructionof therevetment, with itsattendant
recession in bank line, resulting later in greater widths and consequent shallower
depths than those contemplated in the project.
Though in general successfully maintained in this district, several sections of revet-

ments have been completely destroyed mainly by reason of lack of stability of river
bottom,resulting in local increase of river slope and variation in direction of attacking
currents that greatly increase the erosive power of the stream.

This might not happen in every selected case, nor in general throughout the entire
district, because the extent of scour would depend on the resistance of the bottom,
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but that it would occurin some p laces with considerableinjury-to the regimen of the
stream and with serious interference to navigation is evident, and is proved by
experience.
I n a similar way it is obvious that bed protection alone would be insufficient, no
matter how extensive and effective were the protection works onl the bottom, designed
metely equalie tespe and limit vertical erosion.aWhile pools of unusual depth
could not exist, the river would be liable to widen proportionately, until, if not
restrainedl by contraction works within definite side lines, the river would ultimately
silt up, andthen, shifting away frontsuch bottom protection alone,seek acewnchannel
through the alluvium, whliere Che natural alternate pool and crossing characteristics of
thme river could again prevail.
The ideal regulation works for a stream of this nature may be described as consisting,

essentially, of recurring sections of stream-bed control, flume like in character, through
which the stream is directed by intermediates vorks of side contraction and bank pro-
tection, the combined resultbe)ig at all times to lead the channel flow, and the water
at, all except flood stages, throughann aqueduct of which the walls are for the most part
comnpoosed of the natural banks of the stream after they have been aligned by in(luced
accretioni or directed erosion producedby side contraction, and after theirprotection
with revetments or training walls. The ottomn of this aqueduct isthe natural stream
bed strengthened, atthe interan ls requisite to result in evenness of fall, by the placing
of completely controlling cross weirs in sufficient number to maintain uniformityof
slope and water prism , and to preventscour of the bottom beyond that needed to
obtain the desired channeldepth.

Allthle difficulties mentioned as pertaining to the individual use of the three forms
of permanent works will be overcome by their combination, using each to produce its

sl)ecial effect only, reliance being placed on their combined action for obtaining all

rcqnired result8-the desireddelpth, width, and permanent location of the steamer
channel--whether it be for an 8, a 14, or a 16 foot channel.
Even this last depth could be obtained on first construction by placing thesills of

the crossweirs lower and decreasing the area of the low-water prism, the width of
which wouldk probably still be suflicienlt for navigation; or after the completion of 14-
foot improvement, by sufficient contraction toproduce the additional depth, with in

either case but little effect on river slope and higher stages bf water and with but slight
increase in current velocity.
With the river rapidly falling after the occurrence of high stages, especially follow-

ing a rise of the silt-bearing Missouri, it is almost certain there will(exist, temporarily
and in isolated places,clepthssomewhat shallower than those that the actual stage
normally indicates aseCxistingin the improved river, These temporary and compara-
tive shoals will be e-oded and washed out of the regulated channel bythe current as
soon as the river falls sufficiently to permit the side-contlaction works to exert their
greatest influence; but if immediate relief is needed, dredging will afford the means
of such relief by assistinig thle diminished discharge, already properly directed by the
permanent works, in cuittiig away and in removing the deposit.
Suinrnation.-Briefly stated, this project for ol)en-river improvement by a regu-

lated channel with sill dams or cross weirs is intended to equalize and render more
uniform the whiter prism at all. pointss throughout the length tobc improved and at
all stages below the baank-full stage; to reorganize, but not radically to alter, the bed
of the stream, transforming the bad pawsages into good passages by substituting for
thte natural controlling bars or sluices arfifcial bars or weirs, which shall maintain a
fairly uniform slope alld constant gauge height for a given volume of discharge, and
to smooth out the present great irregularities of the stream, both as t6 the varying
Width and depth now obtaiming, in such way as to produce and maintain at low water a
pJracticable channel with a navigable depth of 14 feet. The places where too great
wiidth and insufficient depth now exist will be replaced by a regulated channel of
the3 proper width toproduce the requisite depth at the present available low-water
discharge and without material change in the elevation of any stage.
And through all details of this project the idea has ever been kept in mind that

in this large se(dillment-carrying alluvial stream with its shifting bed the normal con)-
lition of the river should be changed as little as possible, the natural forces should
be opposed as little as possible, and that these sanle forces--destructive, erosive, and
land-buildiri-should bo utilized ill suelh way that they will serve a single definite
pimrpose ill the attainImIIenlt of the con1ditions3 sought.

('ONI)T'I'ONS AN) (EMINERAF, FEATURES OF THE PROJECT.

The most claracteristic feature of th1e Mississil)p)i River botwCeeni St Louis and
Cairo is the facility with which1 it changes, or illay be mna(lo to change, tile position
of the channel anIl its bed, which1 is, for the greater lart, ini alluvium.
From St. lj0111iC to Ste. Genevievo the river p)ractically follows tleo AMis.souri lduffs,

a distance (of 5) Miles; thenco crosses the valley to Fort Gage (the eut-off into Kas-
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kaskia River occurring in 1881), and for 14 miles flows near the Illinois bluffs to
Liberty Island; returns tothe Missouri bluffs at Red Rock, follows them closely
(with Fountain and Grand Tower bluffs for about 5 miles on the left bank) to Grays
Point, a river distance of 48 miles; and then flows though a gorge, 7 miles, to CoIn-
merce, where the bluffs on both sides sharply diverge from the river. The total
length of rock bank thus available is about 140 miles (more than equivalent to one
permanent bank from St. Louis to Grays Point), which theliver could be made to
ollow if it were desirable to shorten it and slightly to increase the slope. Owing to
accretions, some naturally caused, some resulting from works of improvement, at
certain localities the river leaves the bluffs, but returns to them a short distance
below after making considerable bends in the opposite banks. At the present time
the channel flow is closely adjacent to 73 miles of rock bank, and by a judicious
arrangement of regulation works this length can be increased to 77 miles without
material increaseof mean slope.

In this district damaging erosion and caving of banks usually occur at the lower
rather than at the higher stages, especially after an overflow when a falling river has
receded within saturated banks unableto stand unsupported. When underlying
bank strata are composed of easily eroded materials the vertical face of the bank
offers less resistance than does the flat slope of the bed, and erosion isthen generally
ral)iluntil the normal width of channel aid(lqualization of slopehave beenproduced.
One particular example of a bank that caves rapidly at high as well as atlow stages

may be cited, especially as this case also shows the necessity for systematic bank
protection and the need of levees at certain localities.
During the last ten years the right bank of the Mississippi Rivcr in Dogtooth Bend

(161 miles below Eads Bridge, St. Louis) has receded to such an extent that theConl-
cave bank of this bend now lies in the dry bed of former Big Bayou; whenever the
river reaches a 25-foot stage St. Louis gauge, water flows across a narrow neck of land
through Big and Stevenson bayous, discharging through the latter into the river
o0)1)0ps to the lower partof Cairo. Athigher stages, when this bayou can no longer accoin-
mo(late the volume of water that pours overthe bank in Dogtooth Bend'alnd into the
bed ofold Big Bayou, the overflow water then spreads out, and as the land forsome
distance above the mouth of the bayou and below Elurricane Field (mile 173)-that
is, the land lying between the bayou and the Mississippi River-is lower than the
banks adjacent to the bayou, this water is discharged into the main river above Cairo,
falling over the bank in Hurricane Field Bend and has been the principal causeof
the destruction of about1 mile of revetinent in tilat locality. The.caving of this bank
is especially rapid under the double attack of the main river currents in front and the
over-fall water from the rear, and a cut-off may be expected ultimately unless the
necessary steps are taken to prevent it.

In such case the distance by river from Dogtooth Bend to Eliza Point (West Cairo,
mile 177) would be shortened from 16 miles to but little more than 3 miles, and the
ihnme(liate result, with the Ohio River moderately low and the MiddleMississippi only
moderately high, would be a'slope of about 4 feet per mile. The effect such a cut-of
would have upon the city of Cairo, situated on the alluvial penilsulla almost directly
opposite or just below the point of threatened cut-off, may be left to imagination.
There should be a marked tendency toward decreased erosion at lower stages if a

practically uniform slope is substituted for the very irregular local slopes now obtain-
ing for such stages, and when the cross section, slope for total natural fall, and conse-
quently the flow throughout the entire district, are made uniform, there will exist no
problem as to the ready disposition of even the great quantity of silt brought down
by the Missouri River (about 400,000,000 cubic vards annually), that is aparently
the car e in itself of remarkable deposits wherever the current is considerably slack-
ened, although these deposits are withoutiany doubt much influenced by, if not mainly
dlue to, the erosion within the district itself, in which, for the last twenty-eight years
the mean rate of bank caving is an area of 1.2 stquare miles to a depth of 44 feet, or
about. 54,000,000 cubic yards per annum for this form of erosion.
That the Missouri River sediment, per se, causes but little change in river bed

between St. Louis and. Cairo is shown by the fact that low-water stages of the last
fifty years and a comparison of profiles surveyss of 1884-1889 and of 1907) indicate
that the thalweg of the river bed when considered as a whole over the entire district
has not materially changed in elevation during these fifty years; the profiles show
there has been no great change since the earlier survey, and the evidence of the stur-
vey observations for the latter part of this period warrants the assumption, on the
support of the stage records, that the elevation of the channel bed has remained prac-
tically the same during that entire period. From this it may be concluded that no
more material has been brought in and deposited than has been eroded and washed
out, and conversely. Therefore great discretion -should be exercised in adopting
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any method of improvement that involves a reduction of slope and velocity-the
crime factors in sediment transportation-which would permit the channel to silt
up, or of any method resulting inl steeper slope and increased velocity which would
cause greater erosion of materials. 'here seems to be a well-established balance
between discharge and slope and sedimentary deposits and erosion, which sllould
not be disturbed.

In further support of the deductions from the low-water stages and profiles may be
adduced the results of actual sediment observations made in 1879 on the Missouri
River at St. Charles, Mo., and on the Mississippi River at Columbus, KY., which,
fully confirm the conclusions drawn from the other data. (See Annual Report of
the Chief of Engineers 1887, pp. 3090-3096.)
This report shows that during a portion of the time when sediment observations

were taken at St. Charles a series of observations were taken oil the Mississippi River
at Columbus, Ky. Diagrams accompanying the report show that the agreement
between the total sediment at St. Charles and at Columbus is very marked, and that
with the exception of short periods of erratic variation, all variations in the arnotnt
of sediment passing St. Charles were reproduced at Columbus, with the resulting
conclusion that the sediment carried by water reaching Columbus from sources other
than the Missouri River was very small in comparison with the amount reaching that
point with the water from the Missouri River, and that very close to the same amount
of sediiment in suspension in the Missouri River is still carried by the water of that
strealn when it reaches Columbus, with the natural resulting conclusion that it is
practically the same sediment carried in permanent suspension between those points.
The mean slope per mile of the upper Mississippi River (lower 100 miles) is a little

less than 0.5 foot; of the Alissouri River (lower 100 miles) about 0.8 foot; of the corn-
bimmed rivers (between the Missouri and Ohio rivers) a little less than 0.6 foot; and
below the Ohio River (230 miles) about 0.4 foot. The mean discharge in cubic feet
per second for thle eleven years 1880-1890 at Grafton (Alisissippi River) is 100,000;
at St. Charles (Mlissouri River) 85,000; and at St. Louis the total dlischarge is 185,000.
(Results deduced from discharge curves and gauge records for the three stations.)
Vhilue the area of the Missouri River basin is more than three times that of the tipper
MissIssisppi River, the mean annual rainfall (inches) and the ratio of run. bff to l)re-
cipitation are considerably greater in the latter than in the former, because of the
Missouri basin's more absorptive soil and dryer air.
For St. Louis and for stages of the Market street gauge the volume of (lischarge in

cubic feet per secor-d (according to the discharge curve of 1897-1904) is: At normal
low water (0.0 feet), 34,000; at "standard low water" (4 feet), 66,000; at ineani stage
of river (12.0 feet), 158,000; at bank-full stage (30 feet), 606,000; for the flood of 1903
(38 feet), about 950,000, and for that of 1844 (41.3 feet), about 1,3(;0,000 (this vtlulme
estimnate(l).
The slope for the flood crest of 1844 between St. Louis and Grays Point (134 miles)

is 0.57 foot per mile, and for the lowest recorded stages at these points it is less, tile
total fall being 74.4 feet. At St. Louis the range between lowest recordle(l stage aind
extreme high water is 43.8 feet; at Grays Point, 41.9 feet; and at Cairo, due to OhluV
River floods, it is 53.6 feet.

'The maximum recorded fall between St. Louis and Cairo (high water, September,
1905) is 109.6 feet, and the mean fall for the 13 floods Hince 1858 (exceeding ban k-full
stage) is 101 feet. The difference in elevation between the means of 49 lowest annual
stages at St' Louis and the sanie number at Cairo is 107.2 feet, and the difference in
elevation of extreme low waters is 108.3 feet.
The following table of slopes of the Alississippi River between St. Lotlis an(l Cairo

shows, at gauge stations, the determinations for low-water and flood planes and (mean
(leterminations) for intermediate characteristic stages with reference to the St. Louis
gauge, the records of which are continuous for forty-eight years:
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Table showing slopes of Afississippi River between St. Louis, Mo., and Cairo, Ill. ,fo
low and flood stages and for intermediate characteristic stages with reference to the St
Louis gauge.

Gauges and localities.

Chain of Rocks..........
Bissell Point............
Fads Bridge...........
St. Louis (Marketstreet).
United States Engineer
Depot.................

Jefferson Barracks.......
Waters Point...........
Cornice Rock ............
St. Nicholas Rock.......
Briekeys ................
Little Rock Landing....
East Kiaskaskia.........
ehester.................
Red Rock...............
Grand Tower...........
Moccasin Sp)rings........
Cape Girardeau.........
Grays Point.............
('ommerce...............
Elacker Towhead ........
Thompson Landing.....
Bleechridge ..............
Birds Point.............
Mouth Ohio River......
Cairo....

Miles from
Eads Bridge.

Mid- Low
bank water.

9.7
3.3
0.0
0.4

3.2
10.8
21.6
31.4
33.0
43.8
63.9
63.1
(9.6
84.9
98.9
112.7
126.5
132.4
130.4
151.5
167.2
162.6
173.2
174.8

10.4
3.3
0.0
0.4

3.2
10.8
22.4
32.7
34.3
45.6
56.6
¢6.1
72.9
89.2
103.3
116.8
130.8
136.8
143.7
156.5
163.7
169.5
181.4
182.5

Eleva-
tion of
gauge
zero.

321.18
320.36

387.10

386.75
384.81
377. 54
373.19
220.84
364.84
220.84
350.84
318. 13
335.84
329.04
320,84
311.84
c308. 16
308.84
220.84
294.65
289.73
279.19

Extreme low
water.

a... _Eleva-
tionreu-6 MemphisIng. datlum.

74.6 395.8
66.5 386.9

-2.6

-2,6f
a-1.3
-0.5
-3.0

........

135.4
--3.6
-4.0
dO.0
el.1I
11.7
0.8

g1.0
-0.5
81.7
1.3
1.4
2.2

-1.,4

8........6.

384.238. 2
38.3,6
377.0
370.2b3,9. 2

b363.0
356. 2
347.2
344.1
335.8
330.1
322.6
312.0
309. 1
308.3
302.6
235.9
291.1
281.4

7..........
276.3

Gauges and localities.

Chain of Rocks..........
Bissell Point.............
Heads Bridge........St. Louis (Mar ket street).
United States Engineer
Depot.................

Jefferson Barracks.......
Waters Point............
Cornice Rockl............
St. Nicholas Rock .......
Brickeys...
Little Rock Landing.....
East Ksaskia..........
Chester ..................
Red Rock...............
arand Tower............
Moccasin Springs........
Cape Girardeau..........
( rays Point......
(Commerce ........
Hacker Towhead ......
Thompson Landing..
Beeclrld ge............
Birds l'oint..............
Mouth Ohio River.......
Calro....................

Mean stage of
river 12.6'.

Gaunge
read-

Ing.

85.1
80.3

........
12.8

12.1
11.2
12.4
11.3

162.4
11.3
148.4
11.0
10.2
13.6
13.6
14.3
16.0
15.0
11.7
92. 0
12.4
14. 2
15.8

.........

Eleva-
tion
Mem-
Phis

datum.

406.3
400.7

399.7

398.9
396.0
389.9
384.6
383.2
376.1
369.2
361.8
358.3
349.4

342.6
335.1
326.8
323.2
329. 5
312.8
307.0
303.9
295.0

I.......294.2

Mean of highest
daily stages 25.6'.

Gauge
reading.

96.7
93.8

...........

24.8
23.7
23.9
22.5
173.0
22.6
150.4
23.8
21.9
25.6
24.4
24.5

26.1
26.8
21.1
102.0
23.9
26.0
29.9

...........

Eleva-
tion

Memphis
datum.

417.9
414.2

.... i.....412.06

411.6
408.5
401.4
395.7
393.8
387. 4
380.2
374. 6
370.0
361.3
353.4
345.3
337.9
334.0
329.9
322.8
318.5
316. 7
309.1

..........308. 1

Bank-full xtage3Y.0'.

Gauge
reading.

101. 1
98.8

......;....
30.0

28.6
26.4
27.0
25.8
170. 6
26.1
162.6
27.4
25.8
29.4
27.8
27.9
29.6
29.1
23.9
106.1
29.1
31.0
39.0

..........37. 7

Eleva-
tion

Memphis
datum.

422.3
419.2

..........i
417. 1

415.3
411.2
404.6

399.0
397.3
390. 9
383.4
378. 2
373.9
365.2
350 8366.
34& 7

341.4
337.3
332.7
326. 9
323. 7
321.3
318. 2

.....4....
a Low water of 1872.
b I)erlvel from slopes.
c Precise levels in 1908 indicate an elevation of 309.25 for zero of Grays Point gaulge.
d Doubtful on account of Iee; lowest reliably recordcfl 1.0.
e Doubtful; lowest reliably recorded 2.0.
/ Doubtful on account of ice; lowest, reliably recorded 2.3.
g Doulbtful; lowest reliably recorded 1.3.
Elevations refer to the Memphis datum plan10
Readling given for " Extreme low water " are he lowest recorded since the esitablishmnentof tho gauge.
Meanof lowest daily stages, St. louis, is 0.45 foot alove standard low waterof the 'United Staies Hngl-

neer Office, St.,Louis.
Cairo gauge Is in Ohio River, and 2 miles above the mouth (mile 182.5).
Flood plane 1844, I1ucker Towhead to Cairo, Is (derived from slope, Price I.anding, Mo., to Columbus, Ky.

Normal low
water 0.0'.

Standard low
water 4.0'..

I

Gaug
read-
Ing.

76.0
67.7

0.0

-0.1
-0.2

1.4
-0.9
160.6
0.6

138.2
-1.6
-0.5

2. 3
3.4
3.7
3.0
3.6
2.2

82.9
2.3
1.2
1.8

........

2a8

Eleva-
tion

Memphis
datum.

397.2
388.1

..........i387. 1

386.7
384.6
378.9
372. 3
371.3
365.4
359.0
349.2
347. 6
338.1
332.4
324.6
314.8
311.8
311.0
303.7
296.9
290.9
281.0

..........280. 6

Gauge
read-
Ing.

79.1
71.8

.........
4.0

3.8
2.9
6.0
2.7

164.0
3.0

141.4
1.8
1.9
6.3
6.6
0.4
6.1
6.8
4.7

84.7
6.9
6.7
8.2

........
9.

Elova-
tion

Memphis
datum.

400.3
392.1

..........i391.1

390.6
387.7
382.5
376.9
374.8
367.8
362. 2
3b2. 6
.350.0
341. 1
334.6
327.2
317.9
316.0
313.5
305.5
300.5
295.4
287.4

..........286. 8

Flood
plane
1903,
eleva-
tion

Memph is
datum.

431.8
428. 7

423.2
418.0
411.1
406. 3
404.9
397.7
390.3
386.2
381.6
374. 4
362.8
354.7
348.3
343.6
338.2
332. 1
329.0
327.0
321.6

320.6h

Flood
plane
1844,
eleva-
tion

Memphis
datum.

b434.0
b430.6

. ..........i
428.4

b 427. 1
6422.5
416.4

b410.2

403.3
397.1
392.8
388.0

b379.8
370.4

b361.9
354.4
352. 1
341.2

b334. 3
b331.0
b 329. 6
1324.0
b321.6

=-
I

I

9.869604064

Table: Table showing slopes of Mississippi River between St. Louis, Mo., and Cairo, Ill., for low and flood stages and for intermediate characteristic stages with reference to the St Louis gauge


460406968.9
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As to be expected, the greater depths exist in the narrower sections of river, but
even in the sections where these greater depths occur they do not prevail over a bot-
tom that, is in any way constant; riot only do they vary with stage, butt, like the
depths in the wider parts of the river, they are subject to variation from thle rise and
fail of tihe stream bed. III a comparatively narrow reach at La Cours Island (96
miles below St. Louis) a line of channel soundings taken at a flood stage in 1908,
when corni)ared with the low-water soundings of 1907, indicate a scour of about 12
feet over three-fourths of a mile of river. In 1907, a low-water depth of 52 feet was
found at Grand Tower (mile 103), where the width'is 1,400 feet, and in 1884 a corre-
sponding depth of 1104 feet.was found v'ery near the same point, showing that even in
a gorge alternate scour and fill is going on.

In a narrower section at DIevils Bake Oven (about 1 mile above Grand Tower) the
low-water depth of the thalweg is only 35 feet, while below Devils Backbone (91
miles below St. Louis), in one of the narrowest sections of the river, that depth is 63
feet. At Ables Point (mile 171)-the narrowest low-water section in 1907-a depth
of 40 feet below low water was found (width, 650 feet).

Least depths, with which alone navigation is concerned, are found on the steamer
crossings, and during the progress of the B3oard's survey, when a continuous line of
chlanlnel oulllingS was Inale, the least depth found on crossings was 8 feet at a stage of
4.8 feet, St. Louis gauge (only one-half foot above the lowest stage of the season, which
occurred a few (lays later). In the fall of 1908 a lower stage prevailed (3.4 feet, St. Louis
gauge), and a depth bf 8 feet wvas maintained by dredging until a sharp rise caused
a temporary silting up of the channel, which was again improved byr dredging.

Greatest widths of clear waterway at the bank-full stage are found immediately
above islands or tow-heads for example, at Kaskaskia and at Grand Tower islands
and at Thompsons and at 9drand Lake tow-heads. The width at each of these places
is about 6,750 feet, the widest being 6,800 feet at the last-rnamed place.

Within less than 2 miles upstream from each of these sections of maximum bank-
full width, unuisuially narrow low-water widths occur, and a similar condition exists
at ten other localities where bank-full widths varying from 4,000 to 6,600 feet are
preceded by low-water widths of from 1,300 to 650 feet. But an unusually wide
bank-fuill section is not always preceded by a very narrow low-water section, and in
a very few cases reversal of this order is found, and the narrow low-wvater section
occurs downstream from a very wide high-water section, as shown in the narrow
section above Grays Point occurring below the wide section in Cape Girardeau
Bend. hIence, it appears that places extremely wide at the bank-ftull stage
are, in their natural state, genera ly closely prece(led by, but may 1)0 followed,
though rarely, by abnormally narrow low-water sections, and the number of thliese
cases found in the district indicates some relationship as to cause and effect between
these conditions. Whether the wide bank-full sections are caused by the na-rrow
low--water sections above, or the converse, the smoothing out of either the bank-full
or the low-water lines oln regular alignment and with uniform width can have none
except a beneficial effect 11po10 the other, and an especial effect will undoubtedly
follow the correction if the realignment of both is effected.

In a stream wvith unstable alluvial bed the deep water is always found in the bends
and sometimes In the straight reaches. -Submerged bars are the natural stream
regulators, building out from convex banks, incidentally aiding in the caving of
collncve banks, following then into the bends, causing further shifting of the channel
all(n forming natural dams across the river, generally in wide sections below the pools
and always between successive concave banks on opposite sides of the river; that is,
on the inflections of the line of the navigable channel. On these latter harsh are the
steamer "crossings" from pool to pool, either squarely across or obliquely from shore
to shore.
Between St. Louis and Cairo there are approximately 60 such crossings (56 during

low water, 1907) over which the channel depth may decrease to 8 feet or less at low
water. Their distribution is fairly even, it being practically one to every 3 miles of
river, andduringg low water any one of them may become a menace to 8-foot navi-
gation, although not more than ten or twelve have heretofore become troublesome at
the same time or during one low-water season.

In a letter to Capt. C. J.- Allen, Corps of Engineers, and Assistant Engineer R. E.
McMath, dated February 16, 1873, Maj. Chas. R. Suter Corps of Engineers, gave a
brief discussion of a few places in the river Which were sioal at low water, in connec-
tion with the holding-up effect of bars on river depth and the distance this effect
extended UIp the stream:

* * * * * * *

H. Doe. 60, 611 -b
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"There are a few places in this reach of river which always become very shoal
and generally in each low-water season one or two of these places form the principal
obstructions.
"These places are Turkey Island, Liberty Island, Hat Island, Crawfords, Powers

Island, Dog Tooth Bend, and Greenleafs. The three last go together and are mainly
dependent on the stage of water in the Ohio.
"rhe intermediate shoal places generally have more water than those in the above

list. As a general rule whenever one or the other of these places gets bad it remains
so throughout the season and sometimes for several consecutive sea-sons. Thuis in
1868 and 1869 Hat Island was the worst shoal. In 1870 the main bar was at I~il)erty
Island, and in 1871 it had shifted up to Turkey Island. When the main bar is as
far tup the river as this, the water is sensibly backed up as far as St. Louis and all
the intermediate bars are drowned, as was the case in 1871, when there was but 4
feet at Turkey Island and 6 feet on all the bars above.

* * * * * ¢ AA

"'When the main bar is at Hat Island, the river is generally in its worst shape, as
this place is about halfway, and its influence (doCe not extend uip as far as 'Tiirkey
Island, etc. In 1872 the worst bar was at 'Horsetail,' at the mouth of the river Des
Peres. This bar was so far up the river that the bar at Devils Islandiwas also uncov-
ere(l and gave much trouble. Between these points was comparatively good navi-
gation."

* * * * * * *

It will be seen that Major Suter's judgment of the effect of a controlling bar on back-
water was not based on a uniform condition prevailing during the period of his obser-
vation, but that changes in the locations of the controlling bars extending over a
number of years gave him ample evidence as to the varying effects from the several
more important bars he mentions.
When the channel has a shifting tendency, as in wide reaches, these natural dams

or submerged bars have a gradual downstream motion, due to the transfer of material
tfom their upstream to their downstream faces, and their crests are often suddenly
raised by deposits of sediment caused by the decreased velocity of a rapidly falling
river and also by caving banks above, but when the main confining banks are stable
the general locations and forms of these bars undergo only slight changes. The
effect of a high stage, with consequent excess of sediment, especially if long continued,
is to obliterate the generally narrow and sinuous low-water channel. hence during
a rapid decline following a rise abnormal shoals (sometimes several well-defined but
shallow channels occurring) are found on the bars in wide reaches, and it frequently
happens that lesser channel depths are found on a bar at high stages than at a low
stage after the diminished discharge has been concentrated to form a good low-water
channel.
According to Janicki-
"The status, the general character of a river, therefore, depends on the united

action of these three factors: The discharge, which is variable; the magnitude of the
slope, which is likewise variable; and the nature of the soil, which is variable in dif-
ferent localities.
"That a river may be navigable it is necessary that it should have a sufficiently

deep channel throughout its entire length. A river may have much water, but if the
fall is considerable and the soil unstable it can not have a deep channel. On the
other hand, there are rivers with a relatively small discharge and great fall which
are yet quite suitable for navigation owing to their hard bottom.

"In undertaking works of regularization on any river with a view of improving
its navigability, we should not rely altogether on the fact that it has a plentiful supply
of water, and think that by sufficiently contracting its bed we can always olbtain the
desired depth. We must first satisfy ourselves, and this is indispensable, that the
amount of fall and the nature of the bed are not opposed to regularization, for no
palliative will remedy incompatible conditions.

* * * Hagen * * * demonstrates * * * that the removal of a bar
occasions a distribution of the fall over a great extent of water; that is to say, causes a
lowering of the water level above the bar; and he recommends that in undertaking
works of contraction a careful examination of the longitudinal profile of the river
should first be made, to see if the lowering of level which would follow would not bring
out new obstructions in the pool above, by exposing shoals previously covered with
a sufficient depth of water." (Merrill's translation, pp. 17 and 19.)
Modern French practice, as given by Professor Fourrey (1906) of the Special SchooJ

of Public Works (Paris) in his text-book upon improvement of rivers with free flow of
current, basing his instructions upon the results of the improvement works Qi 1882-
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1905 upon the lower Rhone, states the necessity of preserving and regularizing bars,
as follows,:

"* * * by narrowing * * * in a river with a freely movable bottom, un-
less the erosion of the bottom be limited by means of appropriate works, the low water
level will be notably lowered (p. 123). Principle: * * * We admit * * * the
conservation of bars and the conservation of the staircase shape of the profile alonHA
the axis of the river * * * (p. 124). The method * * * has simply for its
object, to change back all bad crossing to good crossings. The work to be done to
secure this result consists in:

"First. Concentrating all the low-water flow into a single bed.
"Second. Making permanent in position the pools and bars within this bed.
"Third. Regulating the orientation of bars. The constructions employed for

such purpose are * * * and transverse spurs. These spurs have different names
according to their purpose: * * *

"Fourth. If they protect the bottom of the bed over' a considerable part of its
breadth, crossing the thalweg, they are bed-sills." (Pp. 126, 127.)
The gorge between Grays Point and, Commnierce exemplifies the effect of natural

conditions similar to those that should be produced by artificial control; for 7 iniles
the river is confined between stable banks, the low-water and bank-full widths comn-
pare favorably with corresponding mean widths for the district, an(l the slope is only
slightly less thnn the mean slope; at certain places the bottom is fixed, or lpractically
so, resulting in a nonchanging cross section, an(l except for isolated bowlders andcl
reefs, the required width and (lepth are found.
Permanent navigable deptlhs not only exist throughout that reach, lbt extel(l for

3 to 4 miles above and below.
It is propose(l to create an essentially parallel condition by means of works for com-

plete regulation in parts of the river where the cross section varies from the one
require(l to maintain. a navigable depth of 14 feet.

For such localities, the required cross section having been determined, the boundary
lines of the stream will be conformed to that section by the building or erosion of tlle
banks to the desired alignment by side-contraction works, the l)rotection when nec-
esar.v of all unstable banks, whether naturally or artificially produced, anid the deter-
mining in elev'ation of the bottom at the necessary intervals 1y sill (ldnas or cross
weirs. To obtain this result, the weirs will be placed across the alluivial b)ecl of the
stream and approximately normal to the chosen thread of channel. The relative P)OSi-
tion of the thalweg of the stream and of the weirs crossing the entire stream b)edl to the
bank-full stage may be described as resembling a broad arrow pointed impstreazuu, in
which the shlft lies along the thalweg an(l the barbs indlicate thle two sectiom.s of a
cross weir meeting at a very flat angle in the lrol)ose(l (challnnel. The flat angle thus
formed by the two spurs will have the necessary effect on the spill over them to train
the currents into a central channel. 'T'hlus, with l)redetermnined forum of cross section,
the low-watpr channel woul(l always be over the same )ortions of the weirs, the " navi-
gable pass sills," with crests placed on uniform slope.
As to necessity and shape of bed sills, Professor Fourrey states:
"Wherever the bottom is very easily ero(led, it is made lpermanent over its entire

breadth by * * * bed sills; they are given the shape of a chevron, the 1)oint
turned upstream and placed on the axis of the chanllnc, whose position it (eter-
mines by their fixing the maximum depth." (P. 138.)
As far as practicab)le the natural cross section of the stream and the existing low-

water channel are to 1) utilized. The thalweg would then be traine(l along the con-
cave banks, approximately as they may be found when the iml)rovemlent is Ilnder-
taken, and in so doing would cross the stream bed wherever a reverse curve occur in
its general Utiection.
At these places occur the bars or natural dams previously mentioned, which, as

regarcls navigation, may be classed as "bad crossings" or "good crossngs." A bad
crossing or passage is generally found where the river is excessively widle, the bar
extending across the stream on a long diagonal line, over which at low stages thle
water spreads out in a thin, broad sheet, and the ends of the siwceCYsive pools exten(l
along the separating bar far past each other, hugging opposite banks. At such locali-
ties the channel (generally undefined at low and ii'ldihum stages) is found on a line
almost squarely across the strearm or approximately normal to the separating bar and
any where between its ends.

)eticient depth and abrupt changes in bottom and surface and in channel (direction
result in sharp local fall over the reef and render such a crossing extremely (lillicult
for navigation.
A good crossing or passage is found where the low-water channel is confined in a

bed not too wide; conditions are the reverse of those on the bad crossing; the bar,
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instead of the channel, extends almost squarely across the stream, and the ends ol
the pools, being on the same axis, permit direct and concentrated flow from the upper
pool to the lower.
The improvement of any stream with unstable alluvial bed, to obtain for it a fairly

uniform cross section, slope, and depth, and with the same volume of discharge, to
increase the depth over that norm'lII for the stream-that is, to add to the navigable
depth over crossings--requires the regulation of the entire bed of the stream and not
merely of a part of the bed, as is done by side-contraction and bank-protection works
alone.
Wherever in contracted reaches the bed is ignored in designing regulation works

an(l the building of new l)anks is given an nlndue importance, the l)ottom will be sub-
ected to deep erosion, resulting in the detriment of regimen in the reaches above and
below.
Jacquet holds tlit-
"IIn a water course with variable cross section discharge, and velocity there can

be no permiianient equliilibrium from the moment tbat the discharge is sufficient to act
on the gravel composing the bed. As general thing the bed is conistanitly in notion.''
(Mlerrill's translate on, p. 49.)

Of attempted regulations by contraction alone, Janicki eays:
"IRegularizationi by contractions is seductive at first sight, because it seems to

exactly meet the necessities of the case. It is also seduict~ive by its simplicity; but
in reality it is a bastard system that has only one undeniable merit, that, of being
readily defended. Its defemidlers (1o not pretend to deny its laeck of success, but for
any given case they have characteristic explanations.

" Regularization, with bank protection, is often indispensable in order to defen(l
bottom lalnds from scour; blut this is all it is good for, and( the improvement of the
navigation of the river must not be expected.

i * * * in a river with movable bottom, works of contraction cause a deep-
ening of the bed at the shallow places, thus inevitably producing a lowering of the
level in the pool above, and spolling the pools still farther up, wxIich formerly were
deep enoughh" (Merrill's translation, pp. 181, 186, an(l 193.)
Tnce relation of troublesome recurring steps of sharp local fall has long been recog-

nizcdl, and the ultimate resuRlt of cutting clown an upper step to remedy con editions
at any one point is well expressed by Pasqueau:

"If we remove one stcp of the stairway in order to get rid of this annoying obstruc-
tioI1, the preceding step becomes still more troublesomne; and if we suippress several
consecutive Btcl)s, we find ourselves confronted by a -veritable wall, which it is imnpos-
sible to surmount by any means.

"Scour in a homogeneous soil caused by contraction will continue indefinitely,
whatever may be the iniitial height of the dikes, if the slope remains constant.
"The deepening of bars by contractions * * * has, as a necessary and illev-

itable conse(uencc, a progressive and indefinite lowering of the water 1)uiae which
renders it impossible to improve rivers with movable bottoms by these niethods.'"
(AMerrill's translation, pp. 71, 74, and 76.)
Jacquet clearly brings out the difficulty of producing only the proper depth of scour

by the mlere narrowing of an alluvial stream:
"By formilg a sufficiently contracted low-water channel we can always bring to

bear a scour powerful ellough to cut away the bar, and to secure a depth of water
greater than that required for navigation. But the difficulty consists in restricting
this action within proper limits, and as we can not avoid doing more than is strictly
necessary, we must try to go only so far as not to compromise the ultimate improvement
of the xvhole section." (Merrill's translation, p. 44.)

Sill daams or bottom ri(dges as a means of controlling stream lines and for the purpose
of improving navigable depths have been in use for many years, especially on Euro-
pean rivers, and in certain instances they appear to halve beemi evolved from the
indiscriminate use of side-contractioD works, and adopted to remedy the inevitable
consequences resulting from such use of those works, as the necessary means again to
distribute over a longer stretch the rapids and prohibitive slopes caused by attempting
regulationi without complete control of streams with beds of a yielding nature.
In commenting on works designed solely for the protcetioli of the l)ottom of thie

stream, Jacquet says:
" It ought not to appear morq extraordinary to try to regulate the bottom of a river

than it is to attempt the rectification of its banks. For * * * all rivers with
movable bottoms, experience has made it clear that instability of the bottom is one
of the greatest obstacles to a lasting improvement. T[le Germans understood this long
ago anud by 'grtindschwellen' they have obtained on their rivers a regularity whicb
each day makes more perfect." (Merrill's translation, p. 1.08.)
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No case so extreme as to constitute an absolute barrier has thus far occurred on
the river section here considered, nor immediately al)ove St. ILouis, at the Cihain of
Rocks, where the worst conditions as to fall exist; hence it is thought that cross
weirs place(l about 1lJ miles apart would effect the satisfactory improvement of this
reach, and it seems safe to predict that with the same sj acting of weirs an almost
uniform slope can be maintained in the other reaches of tile district where the regi-
men has been but little if at all affected, and where the only changes in the natural
slopes, and those changes but slight, will be a readjustment for natural river sub-
divisions rather than an actual alteration.

In. this project the discussion is devoted mainly to an elucidation and accentu-
ation of the use of cross weirs for stream-bed protection as a most important feature
of the improvement of an alluvial river by regulation. On account of their function
in controlling the transverse profile, and of their interdlependlence an(l effect in main-
taining thle requnisite slope, to which end theI will extend across the entire stream
bed to the bank-full stage, they have, ill thIs project, been called'"cross weirs;"
this is justified, it is thought, not only to avoid confusion of ternis, blut, also by the
fact that, in this country at least, they have not yet been used in so extensive a plan
nor onl so large a scale as now proposed.

Construction works for the narrowing of the stream, and revetnients or other works
designed for the protection of the resulting, or of the existing, bank lines, am.d their
use, either separately or in combination, for the closing of chutes and sec *nidarv
channels, are not only so well known onl this section of river, but are in such general
use on1 other rivers that a fuller or more detailed statement of the pl)urposc served and
the results attained by tlhemn has not l)een deemed requisite in a preliminary (deter-
mination of the possibility and feasibility of holding the chanliel (lepth 1)by means
of thle cross weirs after it has been obtained by the usual contraction works with their
necessary accompanying bank protection. Nor are any further details thfan are
give considered necessary to show the place in this project occul)ie(l by hydraulic
dredging as an accessory in accomplishment of the flinal result or as an aid in main-
tenance.
The side-control and bank-protection works proposed --w--ling dams and revet-

ments-woul I serve as follows: Wing dams built from the convex banks would give
the required narrowing; revetments or bank protections would hold the conceive
banks. Stability of banks might also be materially increased by (Iraining near-by
8wamps and lowlands.

Schlichting'. commnents on the placing of works for side regulation are thought
to cover the entire field concisely:

In I)ractice it is often found that while the main banks are essentially straight,
the channel is tortuous .nd wan(lering fronm one bank to the other, so that in l)ractlice
concave and convex shores have almost always to be taken into consideration.
Speaking, then, with reference to the channel of a stream, the colnvex bank will be
built out with long spurs, the concave will 1)0 held by training walls or banik pro-
tection, and thuls the (lolele advantage is gained that thoe bars which are alrea(ly
connected with the shore( will 1)0 retained ill )ositioni, while the (led) water which
will follow the training wal18 will be at a distance from thle heads of the spurs.11
(Abbot's translation, p. 174.)

'Phe complete control effected vith the works for side contraction and bank protec-
tion and the cross weirs will limiit erosion of river bed, lbottOmn, and banks; energy of
flowing water and resistance of river bed will be in practical e(qlililriltin; uiiformnity
of slope at all stages will be approached; an ideal river regimen will result, followed by
permanence of navigable (lepths.

'lhe nature and effect of the submerged( (likes in particiular, and of the entire system
of bank-protection lndI sidle-contraction works whemi use(l with themim is (lescril)edl by
Vernon-Hlarcourt, with reference to the actual use of such combination, as follows:
'These submerge(l (likes are kept below the limit of the navigable depth; and they

serve, like the suibimerged spurs projecting in frontof the concave lomigtu(liinal train-
inig walls, to regulate the depth of the channel, just as the other world's reguilate the
wid th. Their form moreover, (lirects the main ctirrent into a central course.
By the jidiciouis an(d gradual adaption of these (lifferent forms of training wvorks to the
various re(Cliiremients of the channel, the fall, depth, Nvi(lth, and course of thle low-water
channel have, been regulated * * * without unduily interfering with the natural
condlition of the river." (The Training of Rivers, p. 9.)

LPrelimninary calculations aind the study' of a large number of cross sections in(licate
that by imceas of permanent. works for narrowig, the stream, holding thwe baanks in
positions, and conservilig the slope by protecting the bottom, a channel having a
lepthi of 141 feet below low water annd a width of 600 feet canl be produced andl maini-
tained in the river section under discussion at a reasonable cost, considering the end
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attained, and this without material increase in mean velocities or undesirable change
in the elevation of any water surface fromniextreme low to the b)ank-full states
Higher stages might be confined within levees permitting a river width of about 1

mile, which would raise the extreme flood plane a few feet in localities not now pro-
tectedlby levees. Cross levees, following the principal creeks, would act as checks in'
case the main levees were topped or broken by floods. No estimate for levees is
included here, as it is thought all old sloughs and river beds should be gradually filled
giving banks of fairly uniform gauge height, before a levee projectfis considered.
The nature of the proposed works when in situ would be such as to obviate any pos-

sibility of their requiring reconstruction except for two reasons: One, a required
change in location of the navigable channel, can almost certainly never arise, and
could be considered only for such cause as would justify the expense of reconstruction;
the other, thie 01)otniing of depths greater than 14 feet, can, to the extent of about 2
feet, be met by slight additional works without removing any part of the original con-
struction, by suffice ently narrowing the low-water channel to secure such further depth
at that stage, without changing the elevation of the sills. This would raise the plane
of low water throulgout, the entire district. Immediately above St. Louis the slope
would be redluced, al(d for a short distance above the Ohio River it would be increased,
and there, if necessary, it could be adjusted to the requirements of navigation by a
movable (lain or by a further extension of the cross-weir system.
The river and harbor act of March 2, 1907, specified the consideration of an added

flow of 10,000 or 14,000 cubic feet per second. After the proposed regulation works
have been fully completed, 10,000 cubic feet. would add about 11 feet to the navigable
depth over the weirs at low water, and 14,000 about 2 feet. But without complete
regulation of the river-controlling stream bed and water planes-the increase of depth
dufe to any adl(le(l flow is indeterminate.

Pilot I. 11. B3aldwin published a statement, over his signature, that when the river
had fallen to the bank-ftill stage after the flood of 1844 he with difficulty found a 9-foot
channel between St. Louis and the Ohio. (Report, Mississippi River Commission,
1881, p. 243?.

13y combination of side contraction of the cross-section at weirs, and of the added
flow, the plane of the zero stage discharge could be raised about. 4 feet, or to the present
plane of standardd low water," thus giving an 18-foot channel for every day in the ear
unaffected by ice, and a 20-foot channel for the greater part of the year. The effects
on high and flood stages from contraction of the low-water prism and from the added
flow would be butt slight.
The flood problem should be carefully considered before adopting any particular

method of ini)roveinent. Unfortunately we have no direct measurement of volume
for the great flood of 1844, estimated by two writers as 1,360,000 and as 1,200,000 cubic
feet per second; but several of the original marks of that flood, determined in elevation
for the First time by the Board's survey, show that, in parts of the valley where present
bank conditions are about the same as those that existed in 18414, this flood was 6 feet
higher than that of 1903, although at St. Louis, in the contracted reach, the 1903 flood
lacked only 3.3 feet of the height actually reached by the 1844 flood at a time when
there were no other than natural restrictions to the width of the stream. The flood of
1844 sl)rea(l out from bluff to bluff (3 to 7 miles apart) from St. Louis to Grays Point,
and was about 10 feet above the river banks. At Grays Point it was 8.6 feet higher
than the gaiuge elevation for the flood of 1903. The flood of 1785 was equal in height
and probably in crest volume to that of 1844. The recurrence of such a flood would
because of tI e contracted part of St. Louis Harbor, seriously threaten the proposed
east side levee, as well a1s existing improvements, and the Eads Bridge superstructure
would be greatly endangered by the effects of accumulated drift on the crest of such a
flood, abnormally raised; but this could not damage regulation works such as are here
prol)osed, as the uniform slope, and clear, regular river bed would have a tendency to
reduce the flood plane without increasing the mean velocities.

E1,ntirely outside the question of the available depths, there naturally occur, in this
section of the river, and at different seasons, certain other interferences that either
tend to restrict or totally prevent navigation, hence a project for the improvement, of
the olden stream should, if possible, provide for the overcoming, or at least for the
minimizing, of these troubles.
Of tlmese,7 the simultalleolls occurrence of low water and ice constitutes the only

obstacle of really Sceious magnitude. It is therefore almost exclusively the low-water
reginein and its attendant dllfficulties that are to be considered.

1rhme oly other troubles are fogs and extraordinary floods. Only brief delays are
caused by fogs; navigation is not stopped by them. They are not preventable, and
the only provision that might be made for them lies purely within the regulations
governing navigation and does not pertain to a project for improvement.
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Floods exceeding 35 feet, St. Louis gauge, are uncommon, and generally of brief
duration. In the last sixty-four years there have occurred only 5 such floods, total
duration sixty days; and in the same period only 15 floods, including the 5 extraordi-
nary floods mentioned above, have exceeded the bank-full stage, with a total dura-
tion for all over-bank stages of 284 days in the sixty-four years. Except for such
extraordinary floods, with great quantities of drift and increased channel velocities,
navigation is not seriously interrupted by floods.
There is no method known for obviating these troubles, but permanence of the

general river conditions as to location of thalweg and fixation of controlling bars
will (lo much toward lessening the practical difficulties presented.
As a rule, ice interfering for a period of varying length with the movements of

boats, even if not entirely suspending traffic, occurs each year.
From 1865 to 1908, forty-three winters, the river at, St. Louis remained entirely

open thirteen winters, but navigation has been stopped by ice 43 times in thirty
different winters for a total of 1,305 (lays, giving for the years in which navigation
'was this suspendled an average closely perio(1 of 43.6 days. Theo longest closed season,
78 days, occurred during the winter of 1880-81. Considering the entire period of
forty-three years, the average closing of navigation by ice was 30.35 days per annum.
('This data. is taken from the records of the St. Louis Merchants' Exclhange.) Severest
ice conditions generally occur at very low stages. Ice forming alon the river bank
at a temperature of about 200 F. an(l less is continually detachedIv the current,
the quantity increasing as the temperature falls, and very rapi(lly if a heavy precipi-
tation of s1now accomnlpanies. 13y attrition it is redllcedi to the form of mush ice, and
heavy masses are cemllente(i together by regelation. The moving mnass is often several
feet In thlcknllCess, ard when in this state it arrives at a part of the river unusually
narrow or shoal the ice is comipacted onl the surface and very quickly solidified under
pressure. Other ice following adidis to the mass above andl below until a complete
dam or ice gorge is formed, arresting both ice and water till the accumulatedlhead
furnishes energy either to break through or cit around the gorge, or else to lift it
high enouighl ari detach it from the sides, unless these effects are anticipated by a
thaw. 'Ilil heavy runs of ice from the upper rivers thus generally pass olt on medium
andi sometimes on high stages.

It is not thought possible entirely to prevent the formation of ice gorges by any
human device, but a method of improvement that in general smooths thie passages
and reduces the inequalities of the river will dimnimnish the tendency to the formation
of such gorges by the removing of the natural conditions that aid them and by the
freer flow of deeperr bodies of water.
'Phe plans outlined are believed to be conservative and eafe; they contain nothing

wholly untried, being based u)poni rational combinations of tested river improvement
methods they are reasonably sure of stuccess and will give the required navigable
depth without disturbing the equilibrium of the river. The problems of construc-
tion do not involve new features, and work can be carried on continuously during
all seasons and at all stages without being retarded except by extreme floods or by
ice. By conducting operations at various distributed parts of the district improve-
ment of navigable (d ths will be immediate as the works are installed, and the
required depth of 14 feet below low water can be obtained throughout the district
long before their final completion, their effects prior to that time being supplemented
by dredging to obtain the required depth at unimproved localities, and the perma-
nence of depths so obtained would be assured by extension of the works.

All forms of construction involved are of a reasonably permanent nature, especially
below the low-water line, almost indestructible by floods and suffering but little
from ice; above that line, though slight settling may occur through deterioration of
wood-constructed parts9, they will become reasonably permanent as the desired grade
is produced and paved with stone.

in the actual execution of this project advantage would be taken of all construction
works now existing in the river that would in any manner aid the proposed works, and
it is probable that nearly all the present works, though not coinciding definitely with
the lines of the now project, will in one or another feature, by constituting in effect a
reinforcement of the different works-an additional line of aefente against the vari-
otus destructive agencies--lend a greater security to the permanent regulation works
of this project.

Profiles; maps, and cross sections.-A. complete set (in 20 sheets) of maps, profiles,
and a sheeCt of typical cross sections-suibmitted ill portfolio form-shows the proposed
regulation works an(l an improved open river throughout the district. There has
also been prel)ared and follows herewith, as a part ofthle project, a small scale map
with cross sections an(l profile of a typical stretch of the river, showing conditions
before and after the prop)osedl imlprovemnent has beeni effected.
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THE LOW-WATER PLANE AND SLOPE.

As the successful improvement of the river under this project must to a considberibt
extent depend on the low-water plane proposed, one that is safe butniot needlessly
low should be selected and need only be low enough to comprehend all stares when
navigation is not obstructed by ice, as the selection of a lower stage woulT ha, e no
practical advantage. A zero stage, St. Louis gauge, volume of discharge about 34,000
cubic feet per second (discharge curve, 1897-1904) is considered amply low. Such a
stage occurred in 1904, at a time when there was no ice in the district nor within 200
miles. And as this i8 the lowest stage of which there is authentic record, with the
river open to navigation, it will be used as a basis in determining such low-water plane.
Lower stages are always caused by ice.
The available data on hkw-water slopes, gauge records, and discharge measurements

in St. Louis Harbor indicate that the low-water plane at the Market Street gauge has
lowered about 2 feet during the last thirty-five years.
The restoration of the former low-water plane would exert a benleficial influence in

the reaches above and below the harbor and would be of especial benefit to the navi-
gation interests in the former reach, since at Chain of Rocks the channel could' be
deepened to 14 feet whenever required without the. otherwise inevitable detriment to
the regimen still farther upstream. The restoration of the former plane is entirely
feasible, and as the top boundary of the volueno nowy pa&sing at the present zero stage
would be fixed at 2 feet on the St. Louis gauge, this mark has been selected as thle
upper controlling point of elevation for the proposed low-water plane in the St. Lollis-
Cairo district.
At the mouth of the Ohio River a corresponding and equally safe low-water plane

for navigation must lie between the lowest recorded stage (when. the river was lprolba-
bly closed by ice), and the mean of lowest annual stages, and as the deternminationl
must in a measure be arbitrary rather than exact, the stage registering 2 feet on the
Cairo gauge (in Ohio River 2 miles above its mouth) is chosen for control at the lower
end of the district, and the allowance for a mean slope of 0.2 foot per mile between
Cairo and Columbus, Ky., determines the elevation for the proposed low-water plane
at the mouth of the Ohio River.
The mean of 49 lowest annual stages at Cairo including 6 prior to 1859, given in

Hill"mphrey and Abbot's Report, is 4.4 feet. Tile lowest waters recorded are -1.44
feet in 1865 and -1 foot December, 1871.
That a zero stage, St.. Louis gauge, approximates a 2.8-foot stage (Cairo), when the

Ohio River is correspondingly low may be derived from gauge recor(ls and hydro-
graphs.
A zero stage, St. Louis, occurred in 1904, when the Cairo gauge read 3.1 feet, an'd

was one of the lowest known navigable stages in the Mississippi River. One of the
lowest boating stages in the Ohio River occurred during the summer of 1908, when the
Cairo gauge read 4.3 feet, but the mid(lle Mississippi was not remarkably low, there
being 3.4 feet on the St. Louis gauge.
On the profile accompanying the report oil "Examinlation of Ohio River, 1908,

approximate low water from Louisville to Cairo is shown, having a gauge height of about
2.3 feet at the latter point.
That the selected elevation, 2 feet on the Cairo gauge, will adequately meet the

requirements is further indicated by the action oftTeMississippi River Commission
in tentatively assuming the 4-foot stage at Cairo as a standard Iow-water plane of ref-
erence for dredging operations.
The top boundary of this low-water volume having been flxed at the ends of the

district, an intermediate controlling point must be determined as a uniform slope of
low-water plane between these two end points of control would involve lowering tile
plane 7 feet in the 7-mile gorge between Grays Point and Comlmerce, and although
desirable is considered impracticable. This gorge, some sectiolls of which are fixed,
or practically so, naturally divides the district as regards mean slope? and the section
of river below the gorge is different in character from that above, owing to absence of
rock banks and to the influence of the greater fluctuations in stage of tile Ohio River.
The existing low-water plane as regards mean slope is relatively lower at Grays Point

than at Commerce, and as the 2-foot mark oil the Commerce gauge correspoind9s to the
stage of the 34,000 cubic feet per second discharge at St. Louis, it ii' selected as the
intermediate point of control.
These three fixed points, adopted as determining the low-water plane on which the

proposed regulation works for the district are based, give, with the new alignment, a
mean slope of 0.552 foot per mile in the upper, and of 0.761 foot per mile in the lower
section of this river district, the lower end of the7I-mile gorge being the natural division
point.



Map Profile and Cross-sections Typical Stretch of Mississippi River between TURKEY ISLAND AND KASKASKIA ISLAND
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ERaminations of cross sections and profiles showing low-water plane, river bed, and

bed rock, demonstrate the entire practicability of establishilng, a uniform slope throuigh-
out each of the two natural subdivisions.
The data for the determination of the existing low-water l)lanC of irregular slo) and

of the proposed low-water plane-natural mean slope line-are giveli in the following
talble:

Low-water plane of Mississippi River.
ST. LOUIS, MO. (BIISSELL POINT) TO CAIRO, ILL. (MIOUTtI OF 01110 RIVER).

Channel distance In Elevation In feet abovemiles from Eads Mepida lne13ridge,. Memph~lis datumnl plane.)eiffercnces
iln elova-

Stations. Present lowv- Proposed tioni, in
water piano low-water feet, for

n~lOr, IProposed (discharge planc ((is- 1)roposed
1;907. aligillnmet. 34l,0oo c.1i)ie charge 3,1,OO p ro1907. g feet per see- cubic feet

on(l). per secon(l).

i1issell Point ..3.30 3.3 388. 1 391.2 +3.1
Ends Bridge........ . 0.00 0.0.
St. Louis (MARKET S'i'li '). 0.40 0. 4 387. 1 389.1 +2.0United StatesXngineer Depot .. 3.20 3.2 386.6 3'7.6 +1.0
Jefferson Barracksn ...10.82 10.8 384.6 383. 4 -1.2
Waters Point .. 22. -0 21.6 378.9 377.4 -1. 6
St. Nicholas Rook.. 34. 330 33. 1 371. 3 371.0 -0.3
Briokeys ..45. O 44. 3 365.4 364.9 -0.5
Little Rook Landing.. ..i. 45 54.8 359.0 359.1 +0. 1
East Kaskaskia O;.... 07 64.5 349.2 353.7 +4.5
Chester ..72.95 71.2 347.6 350.0 +2.4
Bishop Landin .. 82.28 80.0 342. 3 345.1 +2.8
RedRook. 89. 20 86.8 338.1 341.4 +3.3
Grand 'rower .. 103. 30 101.2 332.4 333. 4 + 1.0
Moccasin Springs .. I I(.80 114.8 321.5 325.9 +1.4
Cape Girardeal . ...10. . 78 129.0 314. 8 318. 1 +-3.3
Grays Point ..136. 82 135.4 311.8 314. 6 +2.7
COMMERCE. ..... 14:1.67 142.2 311.0 310.8 -0.2
Hacker Towhead . .... 48 155.3 303. 7 300.8 -2. 9
Thomrpson Lauding... ... 13.70 162.8 297.0 293. 1 -1.9
Be.e.ri(1ge..iiC. 45 170.3 290.9 289. 4 -1. 5
Bird Point.. 1.36 182.3 281.0 280.3 -0.7
Cairo (MOUTH 01110 VER..I..... 1S2. 50 183.6 280.1 279.3 --0.8

Controlling points In capitals.
Proposed mean slope in tipper section, 0.6522 foot per mile.
Proposed mean slope in lower section, 0.76109 foot per milei
Mean slope between existing low-water i)lane at Chain of Roeks and proposed low-water plano at Tlissell

point is 0. feet per mile.
Miemiphis daliu l)lano Is 190.81 feet below the zero of the United States engineer gangeat Memphis,

Tenn., 42(. 4 feet belowvSt. Loutis City D)ircctrix, aind approximately 6.8 feet elouw mean (.4ulf level.

The existing low slope in tho gorge (about 0.3 foot per mile) will be increased to
the proposed mean slope, and the existing menn slope ir tho reaches nlvove corre-
spondingly (lecrea.sed. sc
The lowering of the plane in the places indicated is entirely practical)le and well

within observed changes in the low-water plane. It is p)ropose(l to raiso the l)lane
at the only points of critical influence-in tile gorge above Commerce, in the( vicinity
of Grand Tower, and at St. Louis to improve the Chain of Rocks passage. Thogreatest
cha ge of pine-a raise-occursa nt East Kaskaskia, whi ere is urbances, due to a
clt-off occurring in 1881, have been only partly rea(ljilste(l by nature, and tile rees-
tablishment hero of a uniform mean slope will greatly inll)rove a place that is, so far
s navrigation is concerned, onel of tlêioorst oHl tile river. The lprol)ose(d plane at
East Kaokaskia agrees closely with thle low-water piano of 1872 for that locality,
The plane is lowered most at Hacker Towhead, a section of river wholly alluvial,
the depth to bedrock being -100 feet or more; and at this locality the low-water plane
of 1872 wIs below tile proposedplane.
The mean slope iii thy lover section, 0.761 foot per mile (38 per cent greater than

ill the upper section), is obtaine(l from a distributions of tile 801n1C total fill ns is 110W
found between Commerce and Caniro over-a somewhat longer distance produced by
the new alignment. Only occasionally are towboats obliged nlnder the present con-
ditions to divide tows anld double trip upstream a part of tile way to Commerce,

9.869604064

Table: Low-water plane of Mississippi River
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and the propose(l mean slopo, occUrring only as a mlaximnumi, an(1 then only when
influenced by aln unfavorable combinationi ot stages in the two rivers, will be a dis-
tinct imnl)rovement over the )reselit irregular slo)e.

In the il)per section the existing meaii 9101)o from St. Louis to Commerce is 0.531
foot per mil, anll(I the proposed meani 71ope gives the but slight increase of 0.021 foot
per Mile over that, with the very great, : lxdvanitagre of uniformity instead of the present
alternation of flat and steep sloe01, k <?se latter in gene-ral considerably exceeding
the proposed mean slope.

DEPTITS AND WIDTHS.

That a navigable depth of 14 feet with the natural low-water discharge and the
bottoin width of 500 feet prescribed by the Board for a regtluled channel can be
obtained by narrowing the river and fixing the bottom andlanks, i8 generally con-
ceded by those familiar with the Mississip)i Rtiver and ,works for its improvement.
A slope comparatively steep for so large a river constitutes the principal obstacle to
producing and maintaining the required depth, bul, it is believed even this difliculty
will be overcome by the piopose(l imj)rovement, work.
At low .water the mean depth of tl)o proposed controlling cross sections, that is,

over cross weirs, will be, for any subdivision of the river, considerably less than the
existing miean low-water depth of that subdivision.

T1he crests of the navigable pass sills or horizontal p)ortions of the cross weirs that
establish the controlling least depths of the thalweg are to be placed at a depth of
15 feet below the adopted low-vwater plane which will be1 maintainedl at or a little
above its theoretical elevation by decreasing, if necessary, the projected cross-sec-
tional area of the low-water prism over the cross weirs. A stlnicient decreasee in area
for this purpose may be accomplished without interfering with the requirements of
navigation by making the si(e slopes steoper in thli lower part of the cross section
and litter in the upper part.
The dimensions to be given to the cross-sectionial area of thc river at cross weirs

are susceptible of colnsiderable change aend may be mo(Iified toward increasedl depth
with almost no increase of cost. A narrowing,, of bottom wi(lth to 300 feot, or even
the aldoption of a triangular cross section, are possibilities worthy of consideration.
Between weirs thc de(ll)r pools will have a tendency to fill with the heavier

materials pushed anmd rolled along the bottom, but there also will be a counteracting
tendency for the doptlhs to be greater than onl the weirs since in the low-water bed
(uniformil narrowed by side-contraction works) will be found mean (1ept)s greater
thiar wouid obtain in the sasme section of natural river, an(I they will create enough
velocity to cruise scour of the river bed, thereby increasing the cross-13ectional area
su flicient ly to influence the velocity, llich will then gra(lually (linfillish until it is
in equilibrium with the resisting power of the material composing the bed.
A profile along the tIhalweg of thle river when so improved will present a series of

gra(lunl and fairly unliforml ridges or undulations, their crests being the sills of the
cross weirs, followed by slopes (luite abrupt, the anterior slopes being correspondingly
flat tene(l. This (lownwardl pitch an(l ul)ward slope of the thalwog, in any particllar
section of the river, will of course largely legendd on the character of the materials
composing the bed of that section and on the. current velocities obtaining for differentt
stages of the river, but in general thel profile of the thalweg when the river is com-
pletely regulated will closely resemble the typical or probable river bed, as shown
on the profiles and cross sections.
A depth of 15 feet should result at all navigable times. According; to records of the

St. Iouis gauge for the last forty-eight yearna stage of at least 5 fkot obtains from
March to August, assuring positively a ship channel of 20-feet depth for about one
hundred andi seventy colnsecutivo days per annunm (more than half the period nor-
mually o0)011 to imavigation), and probably for three hundred days, under tis method
of improvement.

In the forty-eight years the consecutive days in each year when the stage has been
10 feet or more on the St. Louis gauge have been as many as two hundred and sixty-
seven, and as few as fifty, the average being one hundred and seventy-two; and there
have been only five years in that time wheon a 10-foot stage did not continuously pre-
vail for at least one hundrec( andl twenty days. That the increase in channel depth
would not always be indicated by the gauge height is very probable; but under this
method of mnplrovetnent, with the river uniformly narrowed and with only a limited
amount of local erosion to form obstructive bars, a 24-foot channel should obtain for
from fifty to one hundred andl fifty days annually.
To maintain a 14-foot depth to a landing that is not on the same side of the river as

the steamer channel, or to landings on opposite banks when the channel is in mid-
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stream, occasional or continuous dredging may be required. The cost of such dredg.
ing must, be horoe by thie interests affected, the United States undertaking only to
sup ply1Y the trunk line for navigation between the principal cities, towns, and natural
lail 1 In gs.
\\Nidths for low-water, bank-full, and intermediate characteristic stages have been

deterlmine(l from tle con(litions of slope and discharge by observing thc widths as-
smlmed by the natural bedlat various stages and at controlling sections and fromactual
known results in the districtt from the use of side-contraction works. A large number
of cross sections of the river bed, especially in those reaches where the local slope
approximates the mean slope for the entire river section under consideration, fur-
nishled valuable (lata in deducing the mean uniform widths. For tile ulpper, the
St. Loulis-Comninerce section, the widths tentatively adopted for the low-water and
bank-full states are 1,700 and 3,000 feet, respectively; for the lower, the Commerce-
Cairo section, with its steeper slope, they are 1,500 feet and 2,750 feet. In St. Louis
Ilarbor these widths have already been fixed by the Secretary of War at 1,500 and
2,000 feet.

\\i(ltlls for intermediate stages and dimensions of controlling low-water sections
in the two subdivisions are shown on the Sheet of typical cross sections.
Nllments of tthe cross s actionsStu(diedl in connection with velocity formntue indicate

thlat tlhese normal widitlhs afford a sullicienitly narrow low-water bed to give the required
(1ep)th, andl, for higl4er stages a bed of suflicient capacity for unobstructed flow.

'T'hese normal widths sliouid be carefully maintained in crossing from one bank to
the othei, arld thle proposed works have beeni designed with that object in view. But
uniformnity'of widt Iis is not intended to be absolute, nor are the widths as shown on
the alIps always uniform, and at certain localities, as Chester, Grand 'Tower, and
Gravs Point, it mllayNnever be consi(lered practicable to remove all portions of the
hihl banks lying \\withlin the proposed prism, although, to a certain extent, thecOn-
stituto obstrictions to uniform mean slope and flow. Until such changes in widths do
become necessary the natural Iand (leep)r sections at these places will be utilized,
l)ut all obstructions within the standard cross sections and within the limit lines, as
Flsown, should be removed by dredging, blasting, or otherwise as soon as may be
re( uired

'Plhe following opinions by Jacquet concerning requirements for the successful
training of rivers are considered worthy of quotation:

"''hie act iou of a river upon its bed depends upon its discharge and for any given
disc-hiarge, upon its duration. The most permanent state corresponds to that of a
mo0(lerate disclharve of sufficient magnitude to sensibly act upon the bed, and suffi-
ciently long contained for this action to be quite eflicacious. We can imagine that
a mean bed is thus formed (that is to say, a mean position and profile of the thalweg)
for a certain nimetiei coalition of the river. This bed is modified in one way (succes-
sive scour and fill) by high water, and ill an opposite way successivee fill an(l cour)
by low water. Therefore the low-water navigable bed should be contained within
the ican bed, and as thle stages below the mean stage can not generally have a very
emiergetic nioifyIII g acion, weV immediately conclude that the low-\vater bed ought
to be established as fairas possible on the same thalheg as the mean bed1. So, also,
in order that thle illegal bed may be securely fixed and not liable to be comnJ)letely
demoralized by the hliiher stages or by extraordinary floods, it is advisable that it
should not materially (iffer from the thalweg of higher stages, and, as far as possible,
it should make but at slight angle with the direction of the current during overflow.
"We are thus led to formulate into a rule the requirement of concentrating as far

asM possible during lowv water tile entire river into a sufliciently narrow low-water
b)e, and, oil the other hand, of giving the river its full wvidth for the flowv of water
whent above the height at which the depth required for navigation is assured." (Mer-
rill's translations, pp. 419 and 52.)
Should more coinplete hydrological data and actual experiments in construction

prove that the widthls should be changed, this may be done without vitiating the
project in anl (legree, nor will it increase the estimated total cost this e)Ciiig at1i)ile
[or sulch a conitiiigOncy; nioreover, an increase or decrease in length aiid cost of wIng1
damis would practically be offset by an equivalent value in cross weirs correspond-
ingly decreased or increased, and the required amount of revetment would be prac-
tically unchanged for any reasonable width of river.

In the following tables (for the surveys of 1907, Board on Examination and Survey
of Mississippi IRiver, and of 1884-1889, Mississippi River Collimmlissoio) are shown for
cortaiii river subdivisions or stretches the mean widths and depths as derived from
tho measurement of a large Dnumber of cross sections; also ineanm velocities obtained
from the areas of those sections and the known discharges for the stages considered.
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Table of m7ean depth. widths, and velocities. by river stretches, derived from the cross sections of the hydrographic survey of 1907.
and thefall per mile, as derivedfrom the normal low-water plane.

Also the total fall

Subdivision of district

St. Louis (Market street) to Waters Point.
Waters Point to Little Rock Landing .-.-..
Littlc Rock Landing to Chester ..---.
Ches.er to Grand Tower .-.-.-.....
Grand Tower .o Gravs Point..................
Orays Point toCommere.- .............
Commerce to Beechridge

...........-_...Beechridge to mouth of Ohio R;;ver.
St. Louis (Marketsreet) to Conminerce (total

above Ctommerce). (
Commerce to mouth ofOhio River (total below

Commerce)

Lth
stretches.

Number
of

cross
sections
consid-
ered.

Normal low water (0.0 feet,
St. Louis gauge, 34,000 sec-
ond-cubic feet).

Mean
depth.

Mean
width.

Mean
velocity.

Mean stage of river (12.6 feet,
St. Louis gauge, 158,000 sec-
ond-cubic feet).

Mean
depth.

Mean
width.

Mean
velocity.

Bank-Pall stage (30.0 feet, St.
Louis gauge, 606,000 sec-
ond-cublc feet).

Mean
depth.

Mean
width.

II 1- 1_1 I-
.Wties.

22.0
34.1
16.5
30.4
33.5
6.9

25.8
13.1

143.3

38.8

109
152
so

131
141
29

102
38

642

140

Feet.
11.92
11.41
11.13
12.53
11.11
14.22

10.32
10.54

1L 75

10.38

Feet.
1,776
1,802
1,597
1,690
1,758
1,8S91
1,828
1,249
1,745
1,668

Ft.persec.
1.60
1.65
1.91
1.61
1.74
1.27
1.80
2.58

1.66

Feet.
18.79
16.24
14. 83
17.33
15.44
20.20

14.61
14.76

16.73

14.65

Feet.
2,595
3,036
3,181
2,740
3,261
2,3557
3,486
2,511
2,925
3,219

Ft.persec.
3.24
3.20
3.35
3.33
3.14
3.06
3.10
4.26

3.23

3.35

Feet.
27.35
23.36
22.66
27.32
24.21
30.16
23.04
24.19

25.25

23.35

Feet.
3,618
4,407
5 248
3,746
4,4G4
2,984
4,998
4,363

4,145
4,819

Fall In feet.

Total.velocity. T

Ft.per sec.
6.13 8.2
5.89 19.9
5. 10 11.4
5.92 15.2
5.61 a19.6
6.731 a1.8
5.26 20.1
5.74 10.8

5.79 76.1

5.38 30.9

Per
mile.

0.373
.584
.691
.501
.583
.270
.780
.828

.531

.796

a Gauge record at Grays Point has been corrected+1.1 feet.
The mean depth of a single cross section Is obtained by dividing its measured area by the measured top width of the cross section at the water surface; themean depth of a river

rabdivision is assumed at the average of the mean depths of all tbe cross sections in that subdivision;-and the mean width of a subdivision is assumed at the quotient obtained bydividing the sum of all the areas by the sum of all the mean depths of that subdivision; and the mean velocity of a subdivision is assumed at the quotient obtained by dividing the
discharge fora given stage at St. Louis (dlsehargecurve, 1897-1904, United StatesEngineer Office, St. Louis) by the average ofall the areas of that subdivision forthat stage.-

02-

0

eq
0

w

;0

P

.t l a
_I

9.869604064

Table: Table of mean depths, widths, and velocities, by river stretches, derived from the cross sections of the hydrographic survey of 1907. Also the total fall and the fall per mile, as derived from the normal low-water plane
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Table ofmean depths, u-idths, and velocitie$, by-river stretches, derivedfrom the cross sections of the Mi-ssissippi River Commission hydrographic surveys
(1884-1889).

Subdivision of dlstzlct.

St. Louis, Market street, to WA'aters Point.......................
Waters Point to Little Rock Landing.........................
Little Rock Landing to Chester...............................
Chester to Grand ..........................................
Grand Tower to Grays Point...................................
Grays Point to Cominerce.......................................
Commerce to Beechridge... .........................
Beechridge to mouth of Ohio River.......................
St. Louls, Market stxrcet? to Commerce (total above Commerce)..
Connnerce to mouth of Ohbo River (total below Commerce) .

Length
of

stretches.

3mies.
22.0

34.1
16.5

30.4
33.5
6.9

25.8
13.1

143.3
38 8

Number
of cross-
sections
consid-
ered.

109
152
s0
131
141
29

102
38
642
140

Normal low water (0.0 feet
St. Louis gauge,34,000 sec-
ond cubic feet.)

Mean
depth.

Feet.
10.25
9.43
11.41
12.51
10.68
13.64
7.45

9.23
10.91
7.93

Mean
width.

Feet.
1. f6S
1.819
1. 673
1, 7.13
1,87S
1. 9-5
2.2Z38
1.025
@765

2,007

Mean
velocity.

Mean stage of river (12.6 feet,
St. Louis gauge, 158,000 sec-
ond cubic feet).

Mean
depth.

Ft.persec.! Feet.
2.902@ 16.62
1.9

( 14.51
1.78 15.71
1.00' 17.49
1.70Q lf,.03
1.26 19.84
2.04 13.11
2. 45 15. 02
1.77 16.20
2.12: 13.63

Mean I Mean
width. velocity.

Feet. Ft.per sec.
2,713 3.50
3,312 3.29
3. Y2 3. 33
2,746 | 3.29
3.185 3.09
2,671 2.98
4,332 2.78

2,676 3.94
2,985 3.27
3,837 3.02

Bank-full stage (30.0 feet, St.
Louis gauge, 606,000 second
cubic feet).

Mean
depth.

Fede.
2& 70
23.14
22. 18
27.29
25.87
31.32
23.79
27.94
25.44
24.92

Mean | Mean
width. velocity.

Fed. 'Ft.per sec.
3,7 34 6.08
4,687
5.351
3,824
4.104
2,939
5,268
3,96
4,173
4,871

5.59
r'.11
5S.81
5.71
6.58
4.83

&.47
5.71
4.99

NoTzE-In the above table the same cross-section lines and the same stage lines have been uaed as in the preceding table, and the depths, widths, and velocities ame derivedtn th. sam manner as in that table (p. 76).
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0
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9.869604064

Table: Table of mean depths, widths, and velocities, by river stretches, derived from the cross sections of the Mississippi River Commission hydrographic surveys (1884-1889)
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ALIGNMENT AND LIMIT LINES.

The proposed thalweg of the stream-the central line of the improved channel-
conforms as far as practicable with the existing low-water channel; al o tlhe new
boundary lines for the bank-futll and for the low-water stages agree in all their salient
features with the corresponding natural lines of bank. Along a very markedly con-
cave bank the high and the low stage limit lines are characterizedl by a comparatively
small lateral separation, their distance apart beolug generally from 60 to 300
feet, the central channel line lying about 300 feet from this shore, while along
the opposite, thle convex bank, the foreshore is relatively broad, about 1,200 to 1,000
feet. 1n .the adjacent bends, conditions are the same but changed to the o positede
bank; and midway between bends, where inflections of the channel occur, the pro-
posed cross section is approximately symmetrical. It is at these places, where the
predetermined cross section must be maintained as perfectly as l)ossiblc, that thle
necessity for a rational and well-planned alignment becomes apparent.

The- alignment is made up of practically straight reaches and of bends with easy
curvature, the general trend being toward sinusoids rather than tangentts and circular
arcs. In certain instances where bluffs are to be followed, the straight reaches are of
considerable length, and provision has been made for revetmients as require(1 wvhen
new banks have beeu built, oli the opposite shore.
Where the channel follows, or is to be made to follow a rock bank, the natural high

anrd low water lilles, smoothed to a certain extent, have been (Irawn along tlhat bank,
or rather, the lilies with easy curves have been drawn through salient points in the
rock banks with the intention of building new banks from the deeper indentations to
thet limlit lilnes, and removing some of the bolder projecting points, while the corre-
spondhing lines along the alluvial bank have been drawn parallel and at the pl eviously
specifiedi distances from the rock-bank lines.

Modifications of the proposed general alignmemit have been found necessary for cer-
tain localities where established limits or fixed portions of opposite banks in narrow
sections of river determine the location of the limit lines. Such places arc found at
St. Louis (fixed harbor lines); Claryville, Mo.; above Grand 'rower, Ill.; and below
Grays Point.

XVhere such river wi.dths differ from those proposed as at the localities just men-
tioned, and at Commerce, Mo., where the change hi mean slope occurs, the cluanges in
width have been gradually effected, the limit lilies conveVIrging or diverging as re-
quired to effect the changes in the least abrupt manner possible.

Tlhat the proposed new alignment is entirely practicable and that the proposed
changes are gelnerallyf insigllificant, when compared with the natural lateral inove-
mentts of the river, is shown by a comparison of the present shore lincs wvith those of
1884-1889 survey, which have been placed on the maps. The greatest proposed
changes from the course of the present low-water channel generally occur in bends
where the areas to be eroded are actually parts of the river bed audI have no real value
as land. As compared with the low-water chauinel of 1907, an increase of 2F lmiles
in the channel length is thus obtained in the Commerce-Cailro section. 'Thids is a dis-
tinct improvement, which ought to be carried still further w~hen regulation of thia
section wvith its steep 0slpe is undertaken and, especially where lands beyond thel old
high banks have but little value, three or four bends could be eroded tonlaore thall
ordinary extent by means of wing darns extended from the convex banks and the re-
sulting increase in length of channel would give a further and very positive better-
ment of conditions.
As stated, the limit lines generally contain the presemit low-water channel, b)ut

when possible to obtain better alignment without destroying valuable lands, this
has been (lone, especially when the channel can be deflected against a rock bank.
The only reaches materially shortened are those below Red Rock, Mlo. (mile 89

below Eads Bridge, St. Louis), and below Grand 'rower, Ill. (nmilo .104), where (leep
bends in the leftbank have been eliminated in favor of the nearly straight rock ban k
on the right shore. A slight loss in channel length thus occurs between St. Louis
and Commerce, but this loss is more than offset by the increase of 2.4 miles in the
section below Commerce, where it is most needed, and the result is a niet increase of
1 mile for the district.
A comparison of areas between the existing and the proposed high bank lines shows

that when the proposed wvorks are fully completed, about 5 square miles-only a sinall
part of which is cultivated-will have been eroded, but more than 36 stquaire miles
will have been wholly or partly reclaimed, a balance of about 20,000 acres of valuable
land in favor of this method of improvement.
The proposed algnment presents only 34 crossings of the channel from bank to

opposite bank, which redmeed number of crossings constitutes an additional argument
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In favor of artificial weirs as a regulative instrument to be substituted for the natural
controlling bars.
Conditions that are found naturally to exist on the Mississippi River and the problem

created by the removal of the controlling river bars, are stated by Assistanit Engineer
R. E.McMath, as:
"* * * A very perfect system of automatic dams and sluices exists which h10l(1d

the reservoir action of the channel in reserve, and regulates the (liscilarge so effectively
that it must be recognized as anl imPortant conservative agent.
"The specific purpose of channel regulation, as commonly advocated, is to destroy

the shoals which constitute the dams of tliS system. It is tlereforc l)rudelit to iniquire
what conservative agent can be substituted for them.
"The area and impounded volume above every variable bar in the river may not. be

so important singly, but wlhen the aggregate is taken it is enormous." (Report of
Mississippi River Commission, 1881? p. 256.)
The proposed channel line, limit lines, wing dams, revetments, and cross weirs

depicted on the maps have been laid (down for the purpose of presenting a compre-
hensive plan of improvement, and are-not intended to indicate exactly the final
locations and alignment to be followed in construction.

All lines are suibiect to a certain sinall amount of change as they mnerely represent a
system of complete regulation works equivalent to those which will be required in
such a project.
In sections of the river following the bluffs and partly improved, there would prob-

ably be no material future alteration in the projected lines, but in a section including
a bend in an alluvial bank no one can predict where the channel of the river Will be
a year hence. The channel could be forced out of a deeply eroded bend(l, and a for-
merly existing batik line restored, but the more economical l)lan to followv is to hold the
bends approximately as they may be found when the improvement is undertaken,
and to extend the side-contraction works from the convex banks.

SIDE CONTRACrION.

Building of new banks to the required alignment and slope from the bottom of the
river to the bank-full stage by means of permeable hurdlo dams closing the chlltes
and secondary channels, and by wing daIns-permceable hurdles an(l spur dikes-
extending to the low.water lines, will givo the rectuirecd side contraction and confine
the river to a single channel.
Wing dams have been projected to extend from the natural high banks to the limit

lines, aproximately normal thereto, bull, directed slightly ulpstream. The narrowing
may generally be done from the convex banks, but in nearly straight reaches, or where
necessary to correct the natural alignment, this may be acconllmlisllecl from either
bank or from both.
The wing dams, as permeable hurdles, are to be built to the bank-full. stage from

the high banks to the batik-full lines, thence in the form of solid or permeable spur
dikes as needed each will slope on its required transverse profile to the adopted low-
water line and fatten on a broad foundation at that line. 'T'he submerged outer enlds
of these sloping epur dikes can be more economically and successfully held against
attacks of the rnver than could the abrupt ends characteristic of the old-style hurdles
built to a 25-foot stage and terMrinating in a piling and stone tee head, or ice buttress
Except those dictated by practical experience on this section of the Mississippi

River, no specific rules have beell followed in the spacin'g of wing dams as shown on
the maps. They are closer along a straight or slightly curved concave shore, while
on a convex shore the separation is greater, depending on the degree of curvature.
The least intervening space between the wing (diamls of a series is 525 feet, and the
greatest, 6,000 feet; a fair average would be about 1,600 feet.
Some of these wing dams extend from the present high banks to the bank-full limit

lines only, especially along a rock shore where a good foundation is readily to be
obtained; also on convex shores where the tendency of the3 river is to form a broad
fore shore with flat slope. But in a greater number of instances, owing to reaches
being partly improved, only the sloping spir dikes are retired. Spur likess have
been shown on the maps in addition to the re'vetmients in several bends, so as to pro-
vide ample resistance against erosion for those banks which will be subjected to the
incessant attack of the river currents. Some of these dikes may be constructed to
restore or to extend a section of bank to the rcq uire(l alignment, but most of thorm
would actually serve as submerged spurs and deflect tho attacking currents from the
protected bank slope.
For producing aecrn'ion by arresting silt, building up ne0W )alnks, incidentally
claiming land, and for cuauling erosion anrd scour by concentration of water flow, the
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permcable wing dam or hurdle will be adopted. In the form that has been used on
this section of the river, primarily for contraetiing the streazn and deepening thl chaii-
nel by removing obstructive bars, this construction consists essantially of one to throe
rows of piling or climps of pilinig, driven on a line about normal to the currents and
to tlel desire(l stage height, generally Ipenetrating aiid holding in place a foundation
mattress of the nee(led J'imnilon8. Ustially the piles are so placed when driven that
they may be then drawn together annl fastened in clumps of three or four piles each.
Occasionally a wattling or vertical curtain of brush is conjointly used to hasten the
formation of deposits below the hurdle, but isuch construction is more liable to act as
a training wall and either cause scour immediately above the hurdle or unetermnine
its founnation, and the better practice is merely to lessen the force of the current at
first with piles or clumllps nill then promt)tly to sink, with mattress and stone, the
laige bodies of drift so (common in this river as they collect above the hurdles.

I' or a single hurdlle (lami by which a long chute is closed to th(e bank-full stago, an
effective and durable structure, calpable of sustaining a head of 4 to 5 feet of water, may
consist of 3 or 4 rows of )ile clumps, reinforced by stringers between the rows whereby
the strength is more evenly distributed in resistance. Wide foundation mattresses and
a liberal amount of stone for ballasting them and for two or three sinkings of drift must
be provided for such construction. The foundation Mattrems of a wing (ldam may be of
saplings or of sound1cull lumber woven continuously alolngg the lpropose(l line from the
shore to the outer en(l in one piece; in two full-length pieces overlapping along that
line; or in short overlapping sections. The overlapping of the full-length pieces, laid
clapboard-wise, thle piling being driven through bot h, affords thoe strongest construction;
while in swift waiter thle io'rt section, colistructe(l parallel with the current, is' thle most
advantageous form for su(ccXssfull sinking. The area covered( by the foundation-the
width of mattress Ito 1) placed both above an( below thle hulrdlo or likei line )roper-
will delpndon(loi thloe depth of wetter and tle nature of tlheiaterialH coiipoimig the strealn
bved, anld as a l)rt of thl local sulrvey, test-b)orinigstshould always bo made, Thus gravel
beds whose existence might not otherwise be known may wholly or in pait be utilized
as subfoundations for the mattreSses, and bodies of quicksand avoided altogether or
guarded against by stronger and more extensive foundations. Enorillous deposits of
silt occurrilg wherever the current is slackened will add greatly to the strength of all
proposed works, an(l, because of the great volume of sedinient in this river, the per-
meable hurdles or other silt-arresting devices may be used with a greater separation
than would be permissible for accomplishing the deposit of suspended matter on almost
any other stream, and still prove more effective.

'The slight upstream trend of the line of piling will usually cause masses of drift to be
held against wind and current until such accumulations can be sunk, auld also will
induce a more rapid fill near the old high banlk where bpik-full accretions are slowest
to form.
The sinking of drift is a most important adjunllct to the action of permeable hurdles

and wing dams in producing accretion, adding greatly to the permanence arid effect-
iveness of the constructed works, increasing the rate, and enhancing the solidity of the
de )Osit.in areas to be built to the bank-full stage it will be necessary to build the wing
dams or hurdles only to the stage (20 feet to 2;; feet) at which the Missouri willow grows,
and the high banks will then form naturally. Between the bank-full lines and such
levees as may be built, which should not restrict the freshet width to anything less
than a mile, no reclamation should be permitted until the banks have been built to
the desired stage. Until then the growth of willows and dense underbrush should be
encouraged. This also applies to revetmemits above the vegetation line. Bermuda
grass and the trumpet creeper (Tecoma racdicans), being tenacious spreading rapidly,
and rooting deeply, are particularly suitedl for this purpose. Alter the high bank
have been formed only partial reclamation of the high-water bed should be per-
mitted-that is, the lands adjacent to the river may be cultivated or used for pas-
turage, but there should be no levees exccept, as stated, about 1 mile apart.

In some localities it may b) best to build the side contraction works by stages, the
formation of land being hastened ait annl above the stage at which the desired vegeta-
tion ai(l brush will thrive by merely encouraging such growth. In this manner
more uniform accretions would be obtained, ini soene cases lessening the cost of the
iml)rovement. The use of "silt weeds," as on Indian rivers, and the anchoring of
large snag, and combinations of the two, in deep pools to be partially filled and in
areas to be reclaimed are forms of construction at least worthy of trial.
Every known device for the stoppage of stream-borne solid matter that has been

tried on this section of thle river has )roved in greater or less degree, to be officacious,
and it would seem that possibly other com~Anations than the types most used in the
district might be applied to the problem with advantage, on an experimental scale
at tirst, and tben in greater extent, as their success in use may justify their adoption.
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BANK PROTECTION.

Bank protection, a rovetment or training wall, is to be placed at every alluvial
concave bank when that bank, whether natural or artificial, shall have reached the
proposed limit line. Some banks will be permitted to wear away considerably, and
in some cases erosion will be directed to produce the desired alignment.

E1sp)eCcially when the channel is to be trained near them, banks composed of sand
andlight alluvium should be rovetted continuously to the top, while those consisting
of clay or clay and gravel mixed may be allowed to grade themselvesunder the action
of the water, and above the low-water protection they may not need further attention
for several years, inwhich instance more urgent work may be takenup to advantage.
The lengths of the bankneicedin protection have been tentatively determined for

the proposed alignriiont, which, wifth a distance of 187 miles between the Merchants
Bridge and the mouth of the Ohio River, gives a total of 374 miles of bank. Of the
about 300 miles in alluvium, 70 will require the combination of wing dams and revet-
Mnents; the application of wing dams and sheltered points will effect theprotection
of 126 miles, and revetments either alone or with submergedspur dikes will serve for
the remaining 104 miles.
Revetments are proposed and8hown along every concave bank in alluvium which

the channel will naturally follow; 55 sections, containing in all 551,450 linear feet, are
sopInaned. lIncludled in the estimate of cost, but not fully shown on the map, are 16
additional sections, totaling 92,684I linear feet, to be used at localities markedi R"
on the maps, either as ordinary bank protection, as low training walls connecting the
ends of spur dikes, as sections of paved bank when the desired grade shall have teen
obtained on the broad foreshore, or even as a(lditionalspur dikes, equivalent in cost.
The first item of revetment, 551,450 linear feet, provides for a contingent quantity

amounting to6O5 000 linear feet of revetmnent, or its equivalent in cost in other forms
of construction. That reserve, considered ample to meet; any unforeseen emergency
1s obtained in this manner: There are 42,000 linear feet of old revetment in good
condition that is now in place oil the proposed alignment, permitting the cost of this
amount to be saved; 23,000 linear feet of new revetment, intended to protect the
enids of certain cross weirs, has been counted in measurement and in cost as both
bank protection and weir construction to provide for any possible need of additional
strength at these points.

Revretinents will generally consist of a foundation mattress of required width (about
150 feet or le, depending on the configuration and character of the bank to be pro-
tected), placed below the low-water line and heavily ballasted, and of a pavement
of stone on the upper bank section when graded on a slope not steeper than two hori-
zontall to one vertical from the subaqueous portion of the revetmnent to the bank-full
stage. Until a cheaper but equally effective form of construction may b1) devised,
the mattress will be of the wovenl type of green saplings or soullnd cull lumber, which
have been used in this district for several yeam with satisfaction. When in place and
properly ballasted, the woven mattress of brush or lumber has the advantage that it
will outlast the fascine type, which may break up when the cables used in that form
of construction deteriorate. In mattress construction provision should be made for a
thoroughly substantial method of fastening the top and cross poles to the mattress
proper, as on these fasteninIgs and their durability depends the preservation of the
'pockets, " or cribs, that hold the stone in place as distributed. Retaining the ballast
in these pockets is a very important matter, because on steep banks, and especially
when scour and settlement take place, much of the stone will otherwise rolf off the
mattress and be lost. Even though considerable settling takes place in a mattress
so constructed and evenly ballasted, it will not break up, but will accommodate itself

to the natural unevenness of the bank and to small caves which may be scoured under
Its outer edge. The use of bronze in place of iron fastenings for holding the top poles
and stone cribs secured in place is a construction detail worthy of mention, and reen-
foreed concrete slabs for protecting the bank slopes above the low-water line may
eventually prove more effective and, cheaper in use than stone alone.

lIi revetmeut work hydraulic dredging would aid in preparing the bank below the
low-water line to receive the mattress, by cutting off the "false points" of harder
formation less rapidly eroded, that would otherwise give irregular alignment; by
grading the bank ill places too steep for effective subaqueous protection, and by cut-
ting an artificial shore terrace of a uniform grade and a regular alignment on which
the inner edge of the mattress may be placed at ths low-water line.

H. Doe. A0, 1



82 WATERWAY, ST. LOUIS TO THE GULF AND CHIOAGO.

CROSS WEIRS OR BILL DAMS.

The cross weirs will effectively replace the natural dams or submerged bars, regulat-
ing the flow, and for a given volume of(liscllarge absolutely controlling the surface
plane and imparting an ideal, though partly artificial, regimen to the stream as the
Rde contraction works in the wide reaches and bends will prevent obstructive deposits
forming permanently in the channel between weirs. The low-water flowwill always
be confined to the same part of the weir, the navigable passsill, which will be scoured
clear by a falling river, and will probably remain so during medium and high stages.
Apermanent "lead" will be established from each weir to the next, insuring fixation
of 'crossings" and their guiding marks for navigation.
The number of cross weirs necessary to producea 14-foot channel might exceed

the total number of natural submerged dams (about 60), any one of which might
have heretofore become obstructive to 8-foot navigation. One hundred weirs should
be more thanadequate, andthat number would allow them to beplaced about
11 miles apart, the lean fall between weirs being 1.1 feet. From Ruehlmann's
functions and formulue for backwater it appears thatshould the crest of any such weir
be raised 1 foot at low water the backwatereffect would extend about 10 miles; also
that a raise of weir crest of 0.12 foot at that stagewould give a corresponding rise of
0.08 foot at the next weir above. The results of these calculations are cited to show
the systematic interrelation of the weirs, the desirability of equalizing the fall through-
out the districts and that with the tentatively chosenseparation theywould form a
practically continuous fixed river bed. giving an almost uniform water plane. As the
work of installing the weirs progressed, experience would probably demonstrate that
this seration could be increased by placing,say, about two weirs to each crossing
(new alignment) which would reduce their total number and estimated cost about 40
per cent.
Jacquet well describes the action and effect of the cross weirs in his general state-

ment that-
* * * just as the new banks of the minor bed form and regulate themselves by

the deposits which the river drops between the spurs, so likewise the bottom rises and
levels itself by the deposits which the current drops between the successive grund-
schwellen. Success, being due to the same causes, is the same in both cases, and it
only needs a little experience, which is very rapidly acquired, to determine what
ought to be the distance between the works in order to insure the deposits which are
to form the bank or the bottom of the regulated bed." (AMerrill's translation, p. 152.)
The action of spurs in producing new banks by accretion is well established on this

stream; the results from the cross weirs will depend on their separation, and the
"little experience" needed to determine thespacing of the bottom protection works
is furnished in thecase of the Mississippi River by the stream itself in the number of
natural crosings found in the district.
Modern French practice as to thenumber and arrangement of regularized bars to be

left in the river to secure good results isstated by Professor Fourrey (1906) as follows:
"The position of bars can not be arbitrary; they constitute in effect a halting place

where water-borne material should lodge when the waters fall. - Neither can the dis-
tance between two bars be arbitrary, for it depends essentially upon the regimen of
the river. It is determined from observation of a river section where analogous slopes
and discharge exist, conserving very closely the number of bars which naturally form
in such ect-ion; if we are led to modify slightly such number, it is better to increase
it rather than to diminish it in order to secure the smallest possible fall over each
bar. * * * IIn order to orient the bar suitably, the channel should be given the
crow sections which are observed at bars of good river crossings; and this cross section
is formed by means of submerged spur dikes, which, placed in deep water low enough
not to interfere with movement of boats, produce an enlargement of the channel and
at the same time prevent excessive erosion on each side of the crossing" (pp. 135, 136?.

Professor De Mae, National School of Bridges and Highways, Paris, rance, in his
tix book (p. 343 of 1899 edition) uses almost the same words as regards points of
inflection of the improved river channel, assuming a regularized bar at each inflection.

In a river naturally so good as the Mississippi it seems probable that the number of
bed Bills or regularized bars can be safely reduced to the number of the channel
crossings
The distance of about 3 miles that exists between the natural crossings can not be

used as an accurate guide to be followc.d in spacing the cross weirs, as the purpose of
their artificial control is to replace the variable slope now produced by the natural
controlling points which are separated by practically the same intervals, and instead
regardless of horizontal spacing, to establish vertical steps over which the total fall
for the district will be so distributed as to create an approximately uniform slope, and



WATERWAY, ST. LOUIS TO THE GULF AND CHIOAGO. 83

their location as to horizontal separation will therefore depend on the new alignment
of the channel and on the local conditions of slope that are to be corrected.
The latter part of the general proposition expressed by Vernon-flarcourt, in his

statement that "an overfall weir * * * is very efficient in preserving a fixed
minimum water level above it, but is not suitable for the rapid discharge of flood
waters," does not apply to the use of cross weirs in the special manner under consid-
eration, particularly on the Alississippi River with its discharge at low water very small
as compared with that when in flood; the main object of the cross weirs in this regu-
lation scheme being the maintenance of a definite low-water plane for a known volume
of discharge to give a specified depth for a certain stage height, and above that low-
water plane to give the water prism a cross section that will permit the free discharge
of the higher stages and of floods. And Hagen quoted by Janicki, said:

"* * *in no case will regularization allow the free and full attainment of a
proposed result. * * * We have, then, to obtain a sufficient chanu A depth in
times of low water and so-called regularization works are in themselves usually power-
less to give a suitable depth unless the water level is raised by means of dams or other
similar constructions." (Merrill's translation, p. 20.)
The purpose of the cross weirs being to maintain the requisite depth at the lowest

known navigable stage and to aid in preservation of river regimen by limiting erosion
of the bed, and not primarily to elevate the water plane at any or at all higher stages,
the cross-sectional area of the proposed water prism will be so arranged as to corre-
spond at high stages with the mean of the controlling cross sections in the natural
rver, and to accommodate the same volumes now passing at these high stages without
increasing their elevation; hence there will result no interference with the passage of
flood waters.
The proposed number of cross weirs (97) given in the estimate of cost and shown on

the maps and on profile No. 1 is to a certain extent an arbitrary maximum.
The cross weirs shown on the maps are indicated on profile No. 1 by vertical broken

lines below the bank-full stage and by shaded areas (exaggerated horizontal scale)
which represent transverse sections through the pas Sills, the grade or bottom slope
line connecting these pass-sill crests or controlling least depths of thalweg being
16 feet below the proposed low-water plane.
The profile also shows the channel bed in 1907 as compared with that of about

twenty years ago; and what would generally be noticed first in a study of this com-
parative section along the thalweg is that pools occurred in many places in 1907 where
during the earlier survey the more troublesome shoals existed; and this fact in itself,
if Suich demonstration were needed by one not familiar with this characteristic of the
Mississippi River, would show that existing shallows may be converted into deeps,
and the reverse, as such change may be required, by means of complete regulation.
As the effect of a controlling bar on this section of river extends at low water a long

distance upstream (from Turkey Island to St. Louis, as cited by Major Sutier, or 10
miles for 1 foot of bar rise, as indicated by backwater formula) the number of cross
weirs that will actually be required to secure absolute control of the low-water plane-
the water surface over the artificial bars and the pools between them-*,hould be much
less than the maximum number of cross weirs that has been proposed. To produce
and maintain uniformity of slope from weir to weir and to hold the water in the
intermediate pools, the nonchanging cross weirs, with permanent location and definite
elevation of crest, should in -fact, be fewer than the natural crossing bars that normally
exist, which are continually changing in height as well as in position, with consequent
variation in effect and lose of influence,

Profile No. 2 shows the cross weirs that would he imperatively needed, a'nd that
would be constructed firsts and the intermediate crossweirsnthatwould besubsquently
placed to furnish in artificial stream-bed control the equivalent of the natural bars
removed. Thirty-one such weirs have been deemed absolutely essential, and have
been located, one near the middle of each actual crossing, according to the proposed
alignment, except at Arsenal Island, Chester, and Grand Tower, where they are not
needed, and numbers have been placed below the depicted weirs (profile No. 2) to
indicate the crossings in ther order below St. Louis. The Chester and the Grand
Tower crossings (Nos. 13 and 20) are merely indicated on the profile, as is also cross-
ing No, I at Arsenal Island. To restore in effect the normal number of contxollinc,
bars an additional 29 cross weirs may be required, and these have been located
according to the seeming necessity for them, as shown in profile No. 2, and are not
numbered.
Should experience demonstrate that this alternative may be adopted, and that

not to exceed 60 cross weirs will suffice to accomplish the purpose they are built for,
and that the two other forms of permanent construction will effectively serve for the
stream regulation and control of the bank in certain sections, a reduction of $5,561,000
in the total estimated cost would take place.
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It is reasonable to assume that this sum can he saved on the one item of cross weirs,
not alone through reduction in number below the estimated maximum, blut as well
by marked decrease in the actual below the assumed unit cost, which has beeln made
more than ample.

Ti'he absence of crossings which will result iii certain cases where the channel is
directed along a rock bank for a distance greater than the normal separation between
natural crossings i8 compensated by placing cross weirs at the necessary intervals to
control or hold up the low-water plane.
There will be a static head on each cross weir, especially at low stages, but with

the slope made uniform by the proper distribution of weirs it will be much lew than
lhat obtaining on the greater number of the natural submerged bars which now pro-
duce a variable slope. A boat going upstream will therefore have less difficulty
in crossing such a weir than in mounting a natural reef that might require an oblique
approach.

At low water a static head will be indicated at each weir by a slight ripple in the
water surface over it, the local fall probably amounting to three-tenths of a foot in a
channel distance of 300 to 500 feet; the remaining fall between the successive stair-
like weirs will be found on an almost uniform slope of about five-tenths of a foot per
mile, a slope that in this section of the river is conducive to mean depths greater than
are actually required.
The slope of the cross weirs should be made quite flat on the downstream side-

say a siope of one on six-and the mattress protection, with heavy ballasting of rubble,
or other reinforcement, may be continued downstream, as required, beyond the foot of
the weir to prevent the l)ed of the river from being scoured by the overfall. On the
upstream side of the weir a slope of one on two is considered flat enough.
Whenever a section of shoal river bed on the site of a proposed cross weir becomes

scoured to the desired depth as side-contraction works are placed, the foundation for
the cross weir will be promptly laid over that section. When the sills are to be. placed
across deep pools in the main channel, deposits may be advantageousI induced by
proper determination as to which wing dams of a series should be built Krst, or by the
use. of silt weeds as mentioned under side contraction.

It is probable that there will be no rock cutting needed to place the sills or any part
of the cross weirs, but if any is necessary it will be required only to a very small extent.
The construction of a cross weir would consist, essentially, of a submerged dam of wood

and stone, the length and elevation of which is governed by the width and depth
required for the low-water channel. The ends of the dam, from low water to the bank-
full stage, except when joining a rock bank, would be connected with the improved
high banks by construction similar to that in the dart, thus giving the required cross-
sectional area anl desired side slopes for the calculated prism, with revetments protect-
ing the adjacent lanks so built up.- These revetments are not shown on the map, but
are includ ed in the estimate of cost of the cross weirs.

SUMMARY OF CONSTRUCTION.

I. A broad foundation of special construction laid according to the required align-
ment and cross section and as nearly as practicable to the profile grade of that cross
section.

(a) Fills to be made as required by aid of permeable dikes in secondary channels
and by solid dikes or dams in the main channel. The fills may be effected in stages,
accretion meantime taking place.

(b) Cuts necessary to place the foundations to be made by aid of wing dams or dredg-

. The weir would be brought to final transvers ssection, profile and grade, by means
of piling, vrillage mattresses, crib and stone works.

(a) Portions below low water to be substantially capped with timber and stonework
as required.

(b) Portions above low water to be revetted with stone on the required slope and
profile.

III. Bank protection to be placed as required above and below the reverted ends of
the weirs.
The advantages of concrete when used asa capping in connection with the wood and

stone of the general construction, and in particular when so used below the low-water
line, are such that it may profitably be used when it can be applied without much
increase of cost, and also in such cases as its greater strength offsets the slightly higher
expense of such construction. Considering the controlling cross section at low water,
and at hi her sta es as well, the strongest scour will be on the pass sill of the crow
weir; and here will also occur the greatest violence of attack by ice gorges if formed.

In the estimate of construction costs provision has been made to cover the addi-
tional use of 1 cubic yard of concrete for each linear foot of cross weirs.
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ORDER OF WORK IN EXECUTIN0 THE PROJECT.

On the premise that ample funds are available for commencing operations on an
extensive scale, and at as early a dato as the engincering and constructional lprob-
lems involved will permit, and will continue available in quantity as lneded until
its completion, the project call and should be considered as a wlole, an(l a system(.atic
order of work decided on that will earliest and at the least cost produce, the desired
depth and width of channel.

With ample funds, and assured supplies of material and labor, economy of time is
possible through employment of a large nunibor of construction parties, anlie1 increase
in the total cost of the improvement results, provide(I the localities for work are
selected in such order that the regulation works at one point will not exert onl uinregu-
lated portions of the river a detrimental influence that could be avoided by coutinu-
Otis improvement.
As the general position of the works is here predetermined an(l is not dependent

on empiric deductions as installed (they could be placed over the entire district waithi
no discrimination as to locality and NrWithout affectilig the ultimate resultt, the point
of origin from which work is carried on becomes of interest and value only when it
influences either immediate benefits or the timeo of final completion, and as both will
to a very considerable degree be affected by the direction in which the construction
advances and the places from which this work is started, the order of work becomes a
most important integral part of this project.

If there exist any points in the district at which there will be no change made from
the present elevation of the low-water plane, whether cross section be altered or n)ot,
it is evident that work can be started at such points without injuirious effect oii the
regimen in ally other locality, even temporarily. The low-water plane being fixed
for these points, the advamicement of the works therefrom would either raise or lower
it to the predetermined height at intermediate points.
With the proposed low-water plane such points are found at or near both ends of the

district-Arsenal Islanid and the mouth of the Ohio River-at Commerce, at Gr(X id
Tower, and at Little Rock Landing, thus effecting the subdivision of the district into
four sections or subdistricts, in each of which construction work could be advanta-
geously commenced7 and, if thought necessary, at both ends, advancing toward the
middle portions until completion.
As a general proposition, however, work should start at the lower end of each con-

struction section or subdistrict and be continued without interruption. In this mani-
ner of working any injury to the iimprove(l portions of the samne subdistlict will be
the least liable to occur, as, in general, the influence of regulation works in an alluvial
stream extends mainly downstream. And working upstream from tile points where
no change is lnade iii the elevation of the low-water plane affords an opportunity
which it would be advisable to utilize, to determine from actual results tile position
and number of the cross weirs that must be constructed.
The backwater effects from the weirs as placed could have no other than a beneficial

effect on the regimen -of the other reaches farther above those where they are being
placed, and the added flow, if available, would further greatly assist in carrying off
the natural sedimn6it of the stream.
The principal advantage in, downstream progression of construction work, that with

each modification of the river channel the far-reaching effects upon the river lower
down may be allowed time to develop and their consequeolnces carefully studied, does
not have the weight in a project such its this that it might have in a system of empiric
improvement for immediately apparent results; as the course of treatment and the
ultimate conditions for any stretch or for any locality, so far as the elevation of the
low-water plane ana the alignment of banks is concerned, is practically determined
from the beginning.
Besides, the permeable hurdles and the catchment areas between them would be

ready, successively, to stop and retain their full share of the volume of silt made tip
of that normally in suspension and of that eroded from shoal reaches above as the
construction of side-contraction works gradually extended upstream; and witii works
for complete regulation of the bottom and banks of the river bing carried on contititu-
ously in this direction the heavier material eroded from the reaches farther t'pstreamn
and rolled along the bottom would have much less tendency to deposit in an improved
channel than in an unimproved river bed.
But while in each independent subdistrict regulation works should be installed from

the lower end, yet the treatment for each locality within the subdistrict must be doter-
mined from local conditions, and in some cases, as in training the thalweg from a con-
cave bank on one side of the stream to a concave bank on the other, a downstream
program of work may give the best result.
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Beginning operations at the lower end of A reach and worn upstream leaves an
improved river through which normal sediment and that from dicted erosion during
construction farther above will pnam more readily than through the natural stream.
That subdivision of the entire district andl the commencement of work at various
points creates alternate improved and unimproved sections is recognized and while
to some extent this reduces the benefit derived from the conditionsr mentioned it does
not entirely offset the advantages of upstream work, as even, though not continuous,
the regulated portions eliminate from the problem their owz extent of otherwise
troublesomo natural river.

If there be doubt as to the provision of ample funds and regular appropriations, it
would he well to restriCt work to one subdivision at a time, commencing with the one
at that time moot troublesome to navigation.
ESTtMATES OF THE TOTAL TIME FOR CONSTRUCTION OF PERMANENT WORKS, AND FOR

1ROO)U(0INO THE REQUIRED DEPTH. IN ADVANCE OF THEIR COMPLETION; OF THE TOTAL
VO'I' OF SUCH WORKS, INCLUDING MAINTENANOE; OF TH E AMOUNT AND COST OF AUXIL-
IARY DREDOING THAT MAY BE NEEDED; AND STATEMENT AS TO TUE AMOUNTS OF
FUNDS 'rTHAT SHOULD BR PROVIDUD.

TIME REQUIRED TO COMPLETE CONSTRUCTION AND TO OBTAIN THE REQUIRED DEPTH.
It is believed the entire project for permanent improvement canl be completed

within fifteen years, and that a reasonable amount of dredging to aid the partly-com-
pleted regulation works in the production of increased de ths will render a navigable
14-foot channel available in about seven years from the start of active work.
Such depth will certainly be found throughout the greater part of the district after

the worst localities have been Improved by the three forms of Permanent construction
that asure complete control of the river, and after some of the Intermediate regulating
works have been placed; and the maintenance of this depth where existing, and the
creation of an equal depth where necessary, can undoubtedly be accomplished by
dredging when t is condition of improvement arrives. The time specified for such
occurrence, seven years after operations are commenced, is thought to be safely
conservative.

ESTIMATX OF COST OF PERMANENT WORKS.
Character of edtinate,-The quantities given for all classes of work or forms of con-

struction are believed to be ample-more than sufficient to install the permanent
works needed to give the required result, The unit costs are safe and conservative
also being based on the actual costs of the same and similar elases of work constructed
in this district,
These Iunit coots are comprehensive, including a they do all charges for material,

labor, plant, supply depot, shipyard, repair shops, superintendence, engineering,
and contingencies.

UNrr COSTS.

Wing darn. and revetments,-The average costs to the United States engineer office,
St. Louis, of similar classes of construction since 1870 have been used in estimating
the unit costs, per linear foot of $25 for permeable hurdle dams and wing dams; $23
for slopilg splur dikes, permeadle and solid; and $'2O for revetments, an increase having
been made in each respectively of about 50, 33, and 100 per enat to allow for possible
higher prices for labor and materials and for more substantial forms of construction,
insuring a higher degree of permanency.

CrOJ8 weirs.-The unit cost per linear foot of $60 is based on the actual cost of sill
dams and is estimated for the navigable pass sill, necessarily the strongest part of the
cross weir, involving for each unit:
23 cubic yards, wood and stone, at $?.........................$46. 00
1 pilot at $7.................................................. ............ 7. 00
1 cubic yard, &oncrote, at $7........................... ................... 7.00

60.00
It may not be necessary to incur the expense item of concrete, but to provide for

its use when more advantageous it has been included to make the estimate compre-
hensive.

MAINTENANOC Or THE PERMANENT WORKS.

Based on the asumption that fifteen years will be required to complete the project,
the cost of maintenance during construction-the item covering the preservation of
works until th ir completion-may advantageously be considered in ive three-year

9.869604064

Table: [No Caption]
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No expenditure for maintenance :should be required during the first period (when
the necessary plant would be %sembled, the organization Perfected, and the work
only fairly well begun), and probably only a very small charge,0if any, would be
neceay during th second period' since no part of any one of the three forms of the
proposed permagnent works should bhe considered as finished prior to that time,
At the close of the third and fourth periods the works may safely, be assumed to be

one-half andl three-fourths completed, and for these periods, respectively, annual
appropriations of $220,000 and of $330,000 will be required. Probably the greatest
changes in river regimnen will:hetaking place in the early part of the last period, and
thoroughly to maintain the efilciehey of the works an annual appropriation of $440,000
may be required for the last three years.

'i'hts the total estimated cost of the maintenance of the regulation works during the
fifteein-year period of their construction is $24)70,000, an average annual expenditure
of about one-half of one per cent of their estimated cost.

After completion of the project the maintenance of permanent works, of accretion.
and the alignmmoht of banks %nd channel, and the maintenance of the required channel
depth, including the dredging of temporary shoals, will require an annual expenditure
of 1f388 than S$6v,OOO.
The actual maintenance charge when the works are in place should, however, be

much less than the sum named, but to provide for the possibilities incident to con-
struction works of this nature and on such a stream the estimate has been made amply
large.

EsJtimate of coht of complete regulation works, showing te coat ofimprovmnt by subdi-
visions, and the total coatfor tie district.

Linear IUnit oaClass of work. Number. eet. Ult. Amount. Toatal_
_ _ _ I | _ I ~~~~~._ amon.

Sudli(vislon No. I (Merohants Bridge, St. Louis
to Little htock rndl(ilng, 68 miles)'
W ng damIs, psermleale ............. ........ 165 81,820 $25 $2,045,600
Wing (dns, permeable and solid ....... ..... 137 84,840 23 1,951,320
Roevetents.............................. 16 131,410 20 2,628,200
Cross weirs.............................. 27 76,000 6o 4,60,00
Maintenance , ................... 763,672
Averge cost per mllo, $204,803.Subdivislon"Noo.2( Lttle Rock Landing to Grand

'rower, 40i mulis):
Wing dams, permeable ......................
Wing dams, permeable and solid............
Revotiezs ...............................
Cross weirs..................................
Maintenance...............................
Average coat per mlle $240,243.

Bubdivilon No. 3 (Grand 'ower to Commerce,
41 miles):
Wing dams, permeable...
Wing da s, permedleandld.........
RVtnients................................
Cross wers,.................................
)dwintenanco................................
Avage oost per mile, $245,233.

Subdivision No 4 (Commerce to mouth of Ohio
River, 41i mile.):
Wing dams, pemeable......................
Wing dams, permeable and solid............
Revetments........
cross weirs.........
Maintenano................................
Average cost per mile, $323,688.

District St. Louis t Cairo (187 miles):
Wing dams, permeable......................
Wing dams, permeable and solid............
Revetments........
Cross weirs.
Maintenance..............................
Estimated total cost.......................

Avermge cost per mile, for the district

112 94,900 26 2,872,600
108 b2,000 23 1,197,380
19 169,700 20 3,194,000
22 60,000 60 3, W0, 000

........... ..... ..... ... 726,399

102 85,060 25 2,141,60
76 63,840 23 1,238,320
13 112,844 20 2,260,880
21 63,000 60 3,780,000

.......... ...................... 637,865

90 97, 60 26 2,40,000
76 88,3W0 23 882 280
23 240, 180 20 4,8 000
27 74,260 60 4,4, 000
.8......-.......,. 862,174

14iiz78,6wj

11,460,270

10,0S,a"

132.u.ruU

459 359, 980 25 8,9",500
395 229,100 2.1 6, 269, 300
71 644,134 21) 12,882, 680
97 278,260 60 16,695,000

. .... ; ...............2,970,000
,8...............1.4I.......... 86160 40,818,480

t, $260,866.

9.869604064

Table: Estimate of cost of complete regulation works, showing the cost of improvement by subdivisions, and the total cost for the district
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In the preceding table the Items covering revetments include 16 sections totaling
92,684 linear feet not fully shown on the maps, blut'to he placed if req iired at places
marked "l(;" also 23,00(1 linear feet to be placed sttends of cross woirs and covored
in estimate thorefor, and 42,0() linear feet now in place on the required alignment;
a total of 167,684 linear feet of revetment, or an equal value In other formls of con-
struction, available for uime at places marked "I' or elsewhere as may be required.
COST OF OBTAINING AND MAINTAINING DEPTHS BEFORE THE'IMMl1OLA'rION WORK$

ARE OOMPLATED.
Production of the required depth during the latter part of the period of construc-

tion-to be accomplished by dredging as previously outilmd-may also be con-
sidered in three-year periods,
-4nlh-W118orvative judgment that the use of eight dredges will, in connection
with such works as can be placed during the first seven years of construction, be able
to maintain the demirod channel depth, the availability of the propoke4 depth of
14 feet is almost definitely assured early In the third three-year perlo( and the pur-
chase of four new dredges which is involved may be coI (loredI am tei part of the
project that bears on the production of the re(ulrod depth at the earliest poible
date after work Is started.
That such depth at all except the very low stages, will be foundA throughout the

district in the seventh year is ba"ed -on the con(lition that a)oilt one-thirrd of the
. permanent works binlg then completed, the worst place would 1) improved, and
that dredging would then be offoec ve in producing greater navigable deths
Four dredges are now available an(l If the construction of the four additional

dredges were completed prior to tiat timo, or event if thoy wore ob)tahle(l by pur-
chas or loan, at the end of the third year (as provided for in esthiatn ) an increase
of channel depth could be obtained earlier, or as sIoonl as the regulation of the bad
crssigs had been accomnpliheod and thn eight dredgo.s l)leod(l in Horvice,
Eight dredges, if available at the beginning of tho second throo-year period, would

ut least maintaina depth of 9 feet from the conmeoncoicnlt of their operation, and
'very probably a depth of 13 feet prior to the close of that period,

So far as it affects 14-foot navigation there would be no sopcial advantage in hav-
ing the entire fleet of eight dredges: at he commnlolleoment of op)eratlins, as the value
of this expedient in hastening the production of the 14-foot (0epth lies Bolely in its
use in augmenting the effects of the partial improvement of the stream through cor-
rectin the worst places by regillalion,
The absolute attainment of a 14-foot depth should not be expected before one-

.bhalf tho- permanent works were in place, but the presence on the. fIeld of operations
of the entire fleet of eight dredgem when conuonncing work would haIwe the secondary
advantage that (1urinf the first and scond yoers of constructi(oii they could easily
maintain a channel of not les than 9 foot over the entire (ihitrict; thereafter, until
the fifth or sixth year, a channel depth of 0 to 13 foot would be p)ro(luce(l; and after
that timo, a practical 14-foot (channel would exist,

It is thought that the production of the roqluired dopth even At the boginnfing of
the seventh year gives the necessary channel somewhat in advance of the pouibilities
of any othor project except such as involves the use, first subject to possible delay
in procuring the requisite plant, of a large number of dredges, and the rbgiflationproject has the further advantage that there nood be no provision for the renewal
of a large floating plant on count of its deterioration through age or decreased effi-
ciency through accident, and the time when the dredges are o be in service approxi.
mate the estimated life of a dredge of the type that would be used.
Now on hand if this district and available for service tinder a new project are four

dredges two of then being nearly new, the others about ten years old, sO the decrease
in number toward the end of the construction period is in accordance with the
probable life of a dredge in actual and continuous use, and does not involve the
dropping from use of srviceable dredges,
Estimate of coat of drceding rquirdfor fifteen year in injunctionoith und until corn

p~tion' ope~d compeqted lar _uIi/a.h n ntlcm
plMtionj,gprosd compete regulaion of Ow Missi98ippi River between St. Loui,
xo., ar bair), Ill.

Flst three years, resulting depth 8 to 9 feet:
Operation and maintenance of four dredges, at $76,000 each, annual
ap ropriation, $300,000 .$9................................$000, 000

(ur dredges now in d'istriet and available for use.)
Purc ase of four now dredges, at $250,000 each, one appropriation,
$1,0,000 ..... 1,000,000

9.869604064

Table: Estimate of cost of dredging required for fifteen years in conjunction with and until completion of proposed complete regulation of the Mississippi River between St. Louis, Mo., and Cairo, Ill.
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Second three years, resulting depth.9 to 13 feet (regulation w(rks one-fourth
to one-third completed at. ond of period):

Operation nd mrintelnntice of eight dredges, at $76,000 each, annual
dappropriation, $60 0,000 ...................................$1,800,000

Thlrd~threo ye, resulting (Ie)th J'13 to 14 feet (regulation works fully one-
half completed at end of porlod():
Operation and maintenance of six dredges, at $76,000 each, annual

appropriation, $450,000 ..............., 1,360,000
Fourth three years, dopth 14 fooL (reg.l.tion works thre-ofo-urths com-
pleted at en of period):

Operation and maintenance of four dre(Iges, at $75,000 each, annual
ifhappropriation,V$300,000.. 900, 000-,OO; . . . . . . . . . . . . . . . .,,.. . . . . . . . .....90 0

Fifth three years, depth 14 feet (r(oti nation works completelyl:Operation and iraill onatwce of two (lro(dgeH, at $76,000) each, annual
appropriation, $1P60,000.. 460, 000

Total cost for fifteen yoarm' (idr(dging.8,.6, 400, 000

AVAILABIIIYf OF FUNDS.

About $5,000,000, availahle In full m soon as the Improvement is undertaken,
would be needed to prevent possible delay to the procuring of floating and other
Flant and to the organlzatlon of construction forces; of this surn $1' 700,0(0) would be
or construction work, $1,000,000 for dredging plait, and $300,00 for operation of
dredges.
The sum that would thereafter be needed each year to execute the work under this

project iH about $3,600,000, thin suim becoming availat)le annuially until the permanent
construction is all in place, when the funds required yearly w;Il be to cover only the
expense of maintenance,

APPENDIX NO. 8.
THR ALACKAVATaR PROJEOT.

(By Assistant Engineer J. W. Woerinann.)
ST. Louis, MO., January 15, 1909.

(,OLONEl1: I have the honor to submit herewith my report, upon a project for obtain-
ing a 14-foot channel from St. Louis, Mo., to Cairo, I1)., by means of loc<lks and dains
in iho Mfissisippi River,
The fifth stipulation In the river 'and harbor act of Nf,rch 2 1907, which provides

for the present board, reads as follows: "And the board shail consider Iturther the
praetic'ability of providing at all masons of the year a (lopth of fourteen foet in such
regulated channel by the aid of locks and dams similar to thoeo projected and in
use on the Ohio River improvement."
When I began work on this project in September 108, the survey had been made

and the charts were well advanced toward completion.
THE PROFILE.

A profile bad beea prepared, based upon a line of continuous channel soundings,
taken in December, 197, upon coniw~ritng this profile with the transverse sounding,8
or ranges, I found that this profile did not always follow the "thalveg," or deepest
channel, and authority was obtained from the board for the preparation of a new
profile.
The deepest practicable channel was then sketched in upon the chairs askndicatedby the lines of transverse soundings taken during this survey. Taking The Eads

Bridge as the origin, the distances were marked upon this line from St. Louis to Cairo.
A new profile Was platted to a scale of 5,000 feet to the inch, representing a longi-
tudinal section along this line. The total distance from the Eads Bridge to the mouth
of the Ohio River by this line is '182.5 miles, and the total fall at a zero stage on the
St. Louis gauge is 107.3 feet. This is an average of 0.69 foot per mile, or approxi-
mately 7 inches per mile. This slope) is not uniformly distributed however. From
the Eads Bridge to Jefferson £3arracks, a distance of 10.8 miles, the slope is only 0,20
foot per mile, while from B1lackbird Island to the mouth of the Ohio Itiver, a distance
of 26 miles, the fall is 0.91 foot per mile. Shorter reaches caa be selected where
the diffrnces arn i1 grater.
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GENERAL DESORIPTION 0P TUE PROJECT,

Upon this profile as a basis a project was blocked out which provides for a system
of 10 locks and 10 dams.

Be0twoon St. Louis and Cairo there are about 60 bars 6r crossingfs where the do pth-
is IlOs than 8 feet at a zero stago, and abolit 110 where the depth Is les than 14 feet.
These vary in elevation even moro radically than the surface 810)POH, and are drpon-
siblo in a large measure for the variations in tho lengths of the poola and the llfts
of the locks, Foor example, Damn No. 6 Is locatedl on a bar which Is 8,5 foot higher
than the bar Just below it, while D)am. No. 7 Is located on a bar which is 9 feet higher
than the one just below it. t h

In eolecting the locations for the dame, however, the hoghts of the banks, width
and depth of the river, proximity of tributaries, and other local features were taken
into account.

In order that there may be ample discharing capacity over the sills, during extreme
floods, no site was selected where the width was less than 3,000 feet at the tiine of the
recent survey.

In my opinions, it Is also undesirable to locate a movable dam just below a large
tributary, for the reason that local freshets may require more frequent lowering of the

wickets, and at the-same time may cause deposits on or against the movable portions
of the damm, For this reason Dam No, I was located above the mouth of the' Mramec
River, and Dam No. 4 above the mouth oa the Kaskaskia River, rather than at the
points suggested by the profile,
Dam No. 10 is located above Eliza Point, about 5.9 miles above the mouth of the

Ohio River. On account of the steeper slopein this vicinity at low water the length
of the ool above this dam Is only 6,8 miles, The other nine pools vary rom 12.9 to
26,9 m elsinlength, The average length of the ton poolsis about:18 mles,
The greatestlAft alsooccurs at Dam No. 10, due to the.,act that it is the last Intl0e

series and consequently there is no backwater effect from any danm farther down.
Thelift on this lock when the river Is at a zero stage on the St. Louis gaugeis 16 feot.
The lock has been designed for this lift butit is my opinion that with the addition of
10,000cubic feet per second from the _ghoagoDralJrigeCanal, the stage will not fall
belowL15 feet during the navigation season,inwhichcase then maximum lift would
be 13.5 feet. The lifts at the other locks vary fromb,2 feetat Lock No 9 to11.8 feet
at Iock No. 5. The average lift for the tenIocks, at a zero stage, Is 9.87 feet.

In the spring or early summer, when the natural depths al)proach 14 feet, the dam.
would be raised as required, and as the volume decreased the lift would gradually
increase from zero up to the maximum heights givenin the table of data relating to
the proposed locks,
The projectas laid out provides for a small amount of dredingat five banr, asind-

cated on the profile andin the table J ust referred to, ToelNiminte the dredging at
these bars would require a system of 11 locks and 11 dams. An approximate estimate
shows that it is much cheaper, bothin first cost and maintenance, to do a small amount
of dredging at these banthan to provide an extra lock and dam.
Thelocation of each lock and dam, length of pool, lift of each lock, and other data

in regard to-the project are given in the tables relating to locks and dms, and onthe
accompanying maps and profile.

BACKWATER.

One of the most difficult questions to determine in connection with this project is
the backwater curve above each proposed dam, An exhaustive search has been made
of the literature on this subject, but very little actual data have been found. The
most complete data I ~have been able to find "late to the dam at Hameln on the
River Weser. Nine different formulke which have been found in the various works
and papers on hydraulics, have been applied to this stream, and the results compae
with the actual elevations above the dam as determined by levels,
Without giving all the details of this comparison, It may be said that Neville'sformula gives results which are verymuch too small. Nextin order come the formulas

of B6langer and Bresse (see Merriman), withvalues a little larger. Next come the
formula of Ranldne and Ruehlmann(see Molitor), with results almostthe same, but
still too small. Then we have the Ohezy formula with Kutter's coefficients, the
Chezy formula with Bazin's coefllcints (see Frizell), and the St.Gullhem formula
(se D'Aubuimon). Bazin gives closer results atHome cross sections and St. Guilhem
at others. Of the 9 formula which were investigated, that of Poir~e is the only one
which gave results too high.

It does not follow however, that these formula will approximate the truth in the
same order on allotiher rivers. For example in the Report of the Chief of Engineer.for 1887, part 2, page 1318, it is shown,in tie am ofthe Kentucky River, that at
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low stages the Poirke formula gives elevations which are too hi h, as in the cae of the
Wesor,~ st at high stagekfthe same formula gives elevationswhich are too low.

In a )yl'ig' sonme of these formnulte much depends upon the Investigator's judgment
in (deldh 1pon the values of the various coefficients which are used, and In the
selectioni Of proper cross sections.

In applying these formula to the Mississippi River the discharge has been taken
at 47,000 cubic feet per second being based upon a natural low-water discharge of
37,0() cubic feet per second at At. I)uis, corresponding to a zero st el with 10,000
cubic feet, per second alded as the contribution; from the Ohicago Drainage Canal.
As has already boon pointed out, the different stretches vary considerably in

character, but fromCthe invetigatiotis which have boeen made it is believed that the
following slopes are conservative values for this project. Proceeding upstream from
each dam:

Section. Sloe8 In Total Total

Fot. Feet. Mga.,
A lrst.ml... 02 0.2 5
Seondodnles.610............................................................ .3 .6 10
Third 6 mi e......................... . ........ ..4 9 16
Fourth 6:unlou................a5 1 4 20
Fifth mil ....................6 2.0 26

THEIg LOOKS.

The size of locks adopted by the previous 14-foot wtorway board, for that portion
of the waterway from Chicago to St. Louis has been adopted by the presont.bhoard,
viz, 80 feot in W'idth and 04 1 feet between follow (Ilno.s, or a clear length of (00 feet
between gates. 'he length over all, exclusive of wing walls, is 866 feet.
The designs and estimates prepared by the writer for that portion of the waterway

from Chicago to thie Misissippi River havb beep followed in'the present report, except
as to foundations. The loeks along the Des Plaines and Illinois rivers are all on rock
foundations, while those between St. Louis and Cairo are all on pile foundations,
The borings which were taken during thfb survey indicate that at the lock sites,

bed rock is at a depth of about 100 feet below the low-water surface. It is therefore
impracticable to carry the piles to bed rock. The locks which are now in use at La
Grange anld Kampovflle on the Illinois River are founded on similar material, viz,
silt, sand, and clay, and they have been used as the basis of the present foundation
estimates.
The piles used are 20 feet in length, except at the upper end of the lock, where they

will average 40 feet in length. The sustaining power of the soil has been taken at
3,000 o lids por square foot and of the piles at 20,000 pounds p)er pile. Triple Wake-
tield sheot piling, 30 feet long, has been provided across the ends of each lock aid along
the full length of the river wall,
The floors and walls of the locks are of Portland cement concrete. The floors are

designed as inverted arches, with a thickness of 3 feet under the lock chamber, 8 feet
in «e vicinity of the gates, and 13 feet at the miter sills. . The lowest portion of tht
invert is 6 feet below the slringing line, By sing reinforced concrete instead of plain
concrete the floors may be miade level and the cost of construction be reduced.
The walls at the upper portion of each lock, and also the guide piles in the upper ap-

proaches have been carried 1.6 to 2.6 feet above the highest water on record, viz
that of 1i.14. Except In the vicinity of St. Louis and Cairo this flood was about 6 feet
high" than that of 1903. This plan has not been followed on the Ohio River, but is
in conformity with my plans and estimates for the Des Plaines and Illinois rivers.
In my opinion this is the better practice, as the walls and guide piles will not become
a menace to navigation (luring high water, and are always available as a base of opera-
tions for dain manipulations.
The coping of the main portion of each lock in carried up to 24 feet above the sill

of the adjacent dam, so that it is available for service whenever the lock is required
for navibvAtlon,
longitulinal culverts for filling and emptying the locks are provided in the main

walls. The sizes of these culverts vary from 5 by 9 feet to 6 by 10 feet. Smaller
transverse openings run from the main culverts to the lock chamber at frequent in-
tervals.

In the following table and In my detailed estimates, the upper miter sill has been
plaited 14 feet below the crest of the dam, which is the ordinary pool level. I believe

9.869604064

Table: [No Caption]
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it would be better however, to place the upper miter sill at the same elevation M the
sill of the dam, he cost would not be much different, as the increase in the cost of
the upper gates would be counterbalanced approximately by the reduction in the
amount of masonry.
The elevation of the lower miter s111 has been placed 14 feet below the backwater

level below the dam.
Five pairs of steel mitering gates are provided for each lock, AS, one pair of Upper

guard gates, 18 feet high; one pair of upper lift gatos, as high: as the highest portion of
the maonry; two paIrs of lower lift gates, of the same height as the look chamber
walls, and one pair of lower guard gates, carried to the same height as the upper guard
gates.
The upper guard te can be used as upper lift gates, In case of an accident to the

regular upperlft gatte, but the lower guar gates open downstream, and are to be used
only when it becomes necessary to pump out the lock for riepara.
The gates ar of the sinle skin type, with horizontal girders, straight lower facos,

and curved uupper faces. Th weight were computed by the formnit derived by the
Board of Engino on Deep Waterways between the Great Iake and Atlwtic Tide
Waters.
The miter sills contact sills, miter posts, and quoin posts aro of oak. This Is for

the purpose of taking tup shock, and also for tho purple of securing more water-tightjfint.. The hollow quoins are of heavy cast iron.
The following table Voy the location, lift, and principal elevations In connection

with each of the 10 locks in this project. A detailed etimate for each lock Is given in
the appendix to this report.

Data relating to proposed lock.

Distance ElevAtlIon Elevation Lift Top ofNo.of General location. from Rum of upper of lower in feet at walls atloc. ~Bridge. miter sUl. miter d11. low Water. upper end.

AM*e. Feed. JFeet Feet. Feel.
1 I mlte boeMeranieoRly r 1.7 882.0 375 0 7.0 420.0
3 St. NiocholasR3ok4..8.... $ V74.0 36.0 . 0 411.0
3 Abv otCatesLn~g... 48.9 3O50 884.1 10.2 403.0
4 2.2 miles above mouth of Kaskaskla

River ....... 61.8 80 87 9.8 87.0
& Foot of Lirty. Island . ...... 843.0 331.2 .. 11.8 384.0
O H 'l t re k. 111.4 829.0 817.8 11.7 807.8
7 Jmdin es 1 ClP (lrardeu ........ 134.4 81.530J. 6 10.0 , .0

lend of Buffal Oland....... 15..7 304.0 293.5 10. 6 8880
9 Beochride G a u.. 169.8 22. 287.3 5.2 332.3
10 Above B saPo l n t 176.0 280.5 271.5 1.0 830.0

Mouth ot Ohio River............... IS& I..................1.................. ..

.H.ightof Height of Original
T wals at wwalls at Average stage

No,of~~~~~ ~~ wJ~~tuTpier end lower end elevation oorre.. fib. ofNt Oo~~~Gneiral location. '°d;°;t uplO¢ °tod0evtto pnl or
loenaboye above of bottom sending chart.cr.hiamber chamber of river. to sero at

floor. door, 8t. LouIS.

Feed. Feet. Fee. Fe. Feet. ,
I1 mileabove MrameoRivr. 402.0 44.0 26.0 875.0 881.2 a
I St. Nilhols Rook Gauge............ 84.0 44.0 27.0 368.0 872.2 4
1 Aboyv FortChartme Widing.888.0 47.2 29,2 0 33.1M &
4 2.2 mies above mouth of ikaskia

River.8... 0.- \ ,, ,,,,,,,.. .374.0 5.$ 28.3 350.0 38.57 0
5 FootofLbIbtyIsand.363.0 51.8 a0.8 334.0 341.2 8
a BagyingDogCre ...............8..49.0 49.0 30.7 320.0 827.3 1D
7 Sm lebelowCape Glrardeau.8g.5 49.5 29.0 290.0 313.5 13
* Head of Buffalo Island ........3.......2.0 43.6 29.6 294.0 304.7 16
9 Bezehrid" 0 ..... 312.5 44.0 24.2 276.0 290.8 16
10 Above Ellia .oint.30B.6 57.6 34.0 272.0 285 6 17

T1X DAMS.

As provided in the act of Congrese under which this work Is bein done, estimates
were prepared for movable dams of the Chanoine wicket type. Tte movable part.
of the darm are the wicket., the hoftes, and the props. The wickets axr usually mado
d timber, bound with steel, but may be made entirely of steel. They are 8 feet 9
hches wide, with S-inch spaces between them for clearance. The wicket. ars sup

9.869604064

Table: Data relating to proposed locks
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Ported Just below their centers by th. horses about which the wickets a tree to sring,
The horses, which are made of structural sIe are hinged to the foundation at their
lower nds sad to the wicket., and props at ti6fr upper ends. The props are steel
forging, made very heavy at the lower end. The hurters are iron cstings, fastened
tothe downstream part of the foundation, They have seats which support the propwhen up and grooves which guide them in their scent and descent. Further detai
as to their construction and operation may be found in the taport. of the Ohief of
Enineers and in'the current engineering literature
On the Ohio River it is the practice to divide the dam 'int three or four sections,

separated by masonry plers, The setion with the lost .i11 Is usually placed adja-
cent to the lock and sIcalled the "navigable pass." This Is the sill which is shown
on the accompanyingprofile, and which referred to n the following table.
The other "etions have their sills at highe elevations, and are designated as "weirs."

In raising a darn the longest wicket., which are the most difficult handle, are g
rally raised first, leaving the shorter lengths to be raised as the head on the dam Is
Increased, In lowering a dam the reverse order is followed. Ordinary fluctuations
in ptage are controlled by raising or lowering the proper number of wicket. on the
weirs
The Ohio River practice has been followed in the present pro ect. The elevation.

of the sills of the navigable pas are shown on the accompanying profile and in the
following table. For the present it his not been considered necessary to determine
the proper length and elevation of eah weir,

In order to have the number of locks and damn as small as possible it is desirable to
have the lifts as great as poiblo. The greatest vertical hei ibt of wickets so far used
on the Ohio River Is 16.7feet at Dams No. 2 and No 3. The vertical height used
in each of the ten dams in this project is 18 feet, which was the maximum adopted
between Chicago and St, Louis. The 16 f6ot 9 inch wickets halve been operated
sluce6sfully on the upper Ohio, and there is no reason to believe that the limit has been
reached. An additional height of 1 foot and 3 inches i considered a reaonable propo-
sition.
The movable portion of each damr is upported upon a foundation of concrete about

40 feet wide and 8 to 12 feet thick, This in turn is supported upon piles 20 to 34 feet
long. Leakage under the dams In prevented by a row of triple-lap sheet piling, 30 feet
in length, along the upstream edge of the concrete. Underacour on the downstrem
side Is prevented by heavy cribwork, Alled with stone, adjacent to the concrete, and a
mattress of Btandard design beyond the cribwork.
No rrovision has been made for service bridges from which to operate the dams as

the later experience on the Ohio River has demonstrated that the dams can be sfaely
and readily operated from service boats built for that pur .

In order to avoid increasnt the flood height and flood velocity it is not proposed to
carry the abutments and bAn s above high water but instead, to allow the flood water
to pass out over the bankIs, the same as it does in its present condition. The necessary
bank protection would be provided above, below, a&id behind the locks and abutments
to revent awhout from behind.
Of the movable dam. on the Ohio River, 6 have been completed and 8 are under

construction At J;)m No. 8 the esimated cost per linear toot of dam including
service boat, based upon the contract prices, is $447. This is not a typical ease, how-
ever as the prices at this dam are higher than at any other dam on the river. At Dam
No. ii thO cost per linear foot is just a little aboveW. At all other dams the cost in
les than $400 per linear foot. In estimate heretofore made on the Ohio River $400
per linear foot has been commonly used. This covered office expenses, cost of superin-
tendence, inspection, etc. In this project, to cover the Inereased height of.wickets
&and cost of matre, $460 er Ii sear foot has been uswed as the basis of the dam e*i.
mate.
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The following table gives the location, length, lift backwater height, and principal
elevations in connection with each of the 10 dams in ihic project:

Data relating to proposed movable dams.

No. Distance Length of Elevation Eetountof io$Vn
of General location. from Rads pool above of oresL of bawkwatetOfboeao-dam Bridge. dam. dam. above darn, lwa dem.

AO#ee. M ce. Fed. Fee. Yedl.
11flml*e mOot RlnO0riY.. 1& 7 1& 7 3K00 1.4 8 9.

2 St, NioholaRook.Gau I .... 34. . 3a 88.0 1.0 880.0
8 Above lort 0hartres Landing. 4 9 1.6 379.0 1.0 108 8
4 2.2 miles above mouth of aKu.08..

kiaRiver+t,,,, 8,,,,,,,,,,,,,61.8 12.9 3080 .8 85. 7
& Foot ofLlberty Ishm d.......... . 22.7 857.0 1.7 34& 2
O HangngDogCreek.111.4 26.9 343,0 22 $81.a
7 3 miles below Cape Girardea u1. 44 23.0 329,6 1.8 819.a
8 fead of Buftalo Island. 164.7 203a 318.0 1.6 307. 5
9 Beochrifteaalu ............. 109.8 1& I 30.5 1.0 301,310 AbovoXllA Point. 17.6 6.8 300.5 .8 28 .5

Mouth of OhioRiver.............. ...................................

_
wZ >_ Ing-=_= _ -

OriginalMat. Itag at1 Eiee,~ Width of lg Bast
No. tn~~~~~~~um cod.tion of river atwaoof b

of General location. head on waterlof dam, sur- ~ df bed,
darn. i~~~~~~~~~~ean gto alo dm srdam. ~~~~~dam. Ierot dam, Vey 1907. 14. degd

St Louis.

Fed. Fed. Feed. Feed. Feed.
1 I mlleabove emeoRl r........ 7.0 381.2 378.0 2, 00 418.0 .........
2 St. Niloholas 3ook Gaug.8..0 372 2 370. 0 a 3, 409. O 1
a Above. Fort Chartre3 Land ng 10.2 30 1 361,0 8,000 401.0 .........
4 2.2 mile above mouth of Icaska
Rilero9O.8 M8 7 80 80o00 394.8.

a Foot ofLiberty Island.11.8 341.2 t39.0 3,000 a820 2
6 changing DogCrek.11.7 327.8 0 000 3048.........
7 SamiledbIlow CaPE Girardeau . 1O.0 313.6 311.6 3,900 363.8 2
8 IleadOf Buffalo Isl.nd.. 10.6 347 300 b 4, 30.3,.1 .
9 Beechrld e Gauge...........2 290, 8 288 5 .3,8to 329.6. .........
10 Above Elza Pont... .......... 1&60 .28. 6 28. 6 3,600 325 .........

Mouth ofOhlo River ............... 280.0 .......... .................... .........

-~~~..-.-- - - - - - - -.- - - - - _ ___ . . _ _ _ __ _ _ __ _ _

* Damd3,000 feetL b Dam-3,800 feet.

UNIT PRICEs.

The unit prices which are used in the detailed estimates are similar to those which
were used for that portion of the waterway from Chicago to the Misissippi River,
They are based upon my own experience and upon that of other engineers and con-
tractors for similar work.
Portland cement concrete has been estimated at $6 per cubic yard; structural steel

in the lock gates at 6 cent. perpound; cast-iron at '5 cents per pound; round piles in
place at 40 cents per linear root; sheet piles in place and oalk timber in sill and ost
at $50 per thousands excavation for the locks at 60 cents per cubic yard; backfilling
behin d the land walls and in the cofferdams at 26 cents per cubic yard; dredging in the
river bed at 15 cents per cubic yard; common labor at $2 per day of eight hours; pump
engineers at $3 per day of eight hours.

Summary of cost, elackwater project, St. Louis to Cairo.

Lock No. 1,lif,
Lock No. 2, lift,
Lock No. 3, lift
L9ck No. 4, lift

Lock No. 5, lift,
Lock No. lift,
Lock No. 7, ift,

Lock No., 8,

7 feet............................................. $578,191
8 feet................................................ 683,723
10,2 feet....................................... 636,196
9.8 foot......................................6.........48, 740
11.8 feet.............................................. 669,485
11.7 feet........................................ 659, 644
10 feet........................................ 701,411
10.5 feet.............................................. 631, 685

9.869604064

Table: Data relating to proposed movable dams


Table: Summary of cost, slackwater project, St. Louis to Cairo
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Lock No.9,lIft 2$8fet.................. $612,731
Lock No. 10, 1lt, 15 feet..................... 769, 225

\Total for tenlocka.6 486, 081
8 dans, at $1,360,000............................;10, 800 000
2 dams, at $1,676,000 ................ 3,160,000
Bank protection 50,000 linear feet, at$35........................ 1,750,000
Levees andhurl;es.300,00
Dredging in channel, 170,000 cObic yards, at$0.15...................... 25,500
Dredgin lock approaches 160,000 cubic yards, at$0.15.. 22, 500
Right of way, 10 sites, at 10.000.1000......................100 000
Contingencies, 10 per cent.... 2,263,403

Total.................................................. 24,897,434

OPERATION AND MAINTENANCE,

The Board of Engineers which reported on a 9-foot project for the Ohio River,
under date of December 15, 1906, estimated the cost of operation and maintenance
of one lock and dam at $15,000 per annum. This is considered a liberal estimate
and has been adopted in the following summary
The cost of maintaining a 14-foot channel between the locks is a more difficult

question. The dams which have been built on tho upper Ohio are on a gravel bottom,
and the banks are notsubjectto caving, sothey (lo notafford any data upon thissub-
ect, On the lower Ohio, where the character of tho bed and banks is more like thetilsissippl, none of the dams have as yet been built,
The Kanawha River is similar to the upper Ohio River, and for that reason affords

us no data. On the Big Sandy River the quantities of sand which are washed in
from the'banks are enormous. The river goes almost dry in the sum mer time, and
at other times is subject to devastating floods, No valuable comparisons can be
made between that stream and the Meissisippi River.
During ordinary stages,say from 6 to 12 fOet on the St,Louis gauge, the velocity of

the current from St. Louis to Cairo will vary from 3 to 6 feet persecond, or from 2 to
4 miles per hour, depending upon the stage and the reach under consideration,
When the dams are raised this velocity will be reduced to about one-half mile per

hour in the lower portion of the pool and about 1 mile per hourin the upper portion
at extreme low water. With a 6 or 7 foot etage, the vlocity will be about 1 mile Per
hour at the lower end of a pool and about 14 miles per hour at-the upper ond, This
checking of the current will no doubt result in the deposition of a portion of suchmateriffa may beIn suspension at the time the water passe into these pools, Judg-
ing from the difficulty which was formerly expe)6riorlced at the St, Lou6is waterworlis
in making this mud settle, I do not believe that this is a very serious question. Fur-
thermore, it must be borne in mind that the (lams will all be down for about half of
the year, and It is my opinion that during this half of the year, when the velocities
are greatest most of theOs deposits will be scoured out and carried down the river,
Now, as to caving, banks Ihive a proposition to make which Ibelieve is true,

and if true it means that this project merits the most careful consideration of this
board, vis, with the dame raised caving of the banks will practically ceee.,

I am drawn to this conclusion from two considerations FPirt, I do not boliove that
th6 banks will cave with such low velocities an have been mentioned above. Second,
I understand that most of the caving occurs during a fallinT ktngce-sy from .20 feet
downward. With this system in operation, the dame woul be raised at an 18 or 20
foot stage, and the river would not be permitted to pass through this critical period,
In view of the foregoing considerations I have estimated the annual cost of dredgin

under this project at $1,000 per mile, although the actual cost may be very much
les.

In order to make the estimate still more liberal I have included an item of $50 000
per annum for bank protection, so that the places which may show any serious
tendency toward caving may be permanently protected.

During the winter, when there is danger from running ice, the dams would be
kept down. At times, on account of this practice, there may be lem than a 14-foot
depth in the channel but there is so little navigation during this season of the year
that this is not considered a serious objection,
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Estimate of coat of operation and maintenanwce
10 locks and dame, at $1SOOO $150,

Dredging, 182 miles, at $1,000 182,000
Bankprotection

............ 1

882,000
PFESONNCL.

From September 22 to Novembor 18, 1.08, I was asisted on this work by Junior

Engineer Goo, H. WVolbreeht, andl from December 1 1908, to date bypurveyor
M. 0. Emaznnuol, both of whom rendered faithful and eflcient service,
Respectfully submitted.

J. W. WOFr1tMANK
AstianS Eingineer.

Col. W. H.XBige,
CorP. of Engineer, U. S. Arm',

Senior Menmjber, Board on Examination
and Surley of Mi4issippi River.

Estimate of coat, Lock No. 1, slack-water project.
LIFT 7 FEET.

Quantity. UniCot

Portland cement concrete.........c
olndato ..near foot.. 109,200 .40 43,680
piles.feet.4................M....... t ,000 .06 10,200

Struptural steeltn gates.............. pounds.. 1,274,230
Anchorages and c00iiietIolls.................................. 9,174
Valves and aelve iraines .................

Cost-iron hollow quoins .................... 1,100
Oaktimber:. ...........pounds..

Miter and contat Is..................lott d. M.. 13,000 .06 660
Miter andquoin posts................do.... 12, .06 W8

QpratingmachIniery .................. ...... . ... 47,0Couses foruperintondent and assistants................................. ,,,,,.. . 8, O
Quide i..... ........ ....... **..*.................de pilae .11,200
E~xcavation......ya;.......0.6bO.......... 0
Back killing........ do ... 84,000 .26 13,000
Coferdun....,o..000
Pumping .................... ....... 9,000

Total.................... ........ ... 673,191

Eltimate of cost, Lock No. S, slack-water project.
LIFT 8 FEET.

Uut*rnit Cquantity. pri Cost

Portlandcementconote ..................oublo yxds.. 44,300 6800 *265,800
PIts in foundation ..................linearfot.. 109,200 .40 43 680
shoot piles .e...lot B. M.. 324,000 .06 16,20Structural ngat...pounds .. 1,296,782 .0O 77,807
Anchorages and connections 3,37
Valve andefvrlve,rame.................................. . . ...... ........ 4,:000CGt-Iron hollow quoins ....pound . 117,820 .06 ,891
Oak taber:

Miternd contact si.. . . .eM.. 13,000 .05 880
Miter aid quoin post ................ .do.... 13,162 .06 a88

OeUng inbalcner........ .4,000rouses tor supezlntondent and assistants, . 8, 000
Oudo p...................................... ... . 11,200
Excavation ...... ublo v lrds.. 12, 000 0 6,000Book Mling ...................................d............... 60,000 .26 12,50
Co fterdam.......... ............................................... 65,000
Pumping...................p..................I ........ ........ ,000

Totalo....................................l........................... . . . . . ¢

9.869604064

Table: Estimate of cost of operation and maintenance


Table: Estimate of cost, Lock No. 1, slack-water project


Table: Estimate of cost, Lock No. 2, slack-water project
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Estimate of cost, Lock No. 8, alack-water project.

LIFT 10.2 FEET.

Quantity, Unit Cost

Portland oementconoretoe a....I............lblo yards.. 48,000 $800 $2M8,360
Ples Innfoandation ................. liner feet. 1l, 600 .40 47,400
Shoot plis

- feet 13. M.. S24,000 .06 16,200
Structuiralie*l Ingptoim. pounds.. 1,369,834 .06 82,190
Anchorages had comriections........................................ ........ ... 863
alvs and valve framiies ,,., , ,, ,, ,,.,,,,,,,,,,,,.,,,,, ........ 4,200Cas1rhollow quolns......... pounds.. 123 .0 6,192

Oa t M ori
lt1,d0oontactill ..................................... f t ,M1 00 .06 880

Miter andquol npodt1..............,,,,,,,,, do.,: 13,824 .06 691
0p titngm*wnery....,,,,,6000
[1oueeso~r superntendent and w8.1stants ....................I............ 8,000
GuldepI.. ...... ........ 11,200
EZOYB1Itn ................... . . ............ cub .0

.B....................... . I............do...... . . 81,000 .256 20,250
CoferdIm .....8.,,, . ......... 80,000
mp,,,,,... ............ 11,000

Total.....tl......... ... ,1Ig

Estimate oj cost, Lock No. 4, *lack-water project.
LIFT 9.3 FEET.

Quantity.' U Coost

Portland cement concroe ................. cubic yards 49,O $86.00 $24,40
les In foundation.............. linear feet., 121,o00 .40 48,6M

Shootpiles. .............. feet B. M.. 324,000 .06 16,200
Stniotbis t" 1n gates.............. pounds.. i,3V7,6 0 .6 83,8o
Anchorags and oonneotions ................w.10,0Valves and valve frames..............., . . .......... 4,10
Castdtron hollow l................q.,pounds. 125, M0.06 6,278
Oak tiMber:

Alter andcontact sills.feet B. M.. 13,000 .06 60
)iter and qguoln posts................ do . 14,016 .06 701

Operating machInery... ............................................................. ....... 60, MO
Ifouses for superintendent and assistants.............................,,,,....... ....... 8,000
Ouldep I................. 11,ao
Excavation..... nublo yards:.. 34,00.OM 0 17,000
Back Mug..... do.... 43,000 .26 10,760
Cdam... ............ ........ ,OOO
Pumping .... ............ ........ ,000

Tol....... ............ ........ M,7

H. Do. 60,61v1._

9.869604064

Table: Estimate of cost, Lock No. 3, slack-water project


Table: Estimate of cost, Lock No. 4, slack-water project
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Estimate of cost, Lock No. 5, slack-water project.

LIFT 11,8 FEET.

-,_, __ ~~~~~~~~~~~~~~~~~~~Qtintity,priee Cost.

Portl nd cement concrete ....................olloyards.. fi,790 -$0. 3W10,740
Pilos hi fIun tiolinl~nt...................e;.,.,near foot,. 133,00 .40 63,3(W
Shoot piles f.......,feet II. M.. 324,0O .0or 1,200
Strubtr1ilHt1 l pong.t e s . pOtln(lS., 1, 401,1140 ,00 87, 198
Anchdrlgesn knd (ofnotimflos ......................................... ...,,,,,,, ........ 10, 624
Valves and v'al vo frifr .n,'. . ,.,,, ,,,,............................,,,,,,..,,,,, .' 4,130Cslt(ron hollow (lbOinf......................................pounds.. 131,0 06 0b679
Oak timbIer:r

Mjler an d0tio s . ...ils01%01,6 e*1 ¢¢.................. foeot II. M., 13000 .05 00
M l1r(J 0ln)o1 .................... . .. .I.. dlo.... 14,088 05 734

Operate ilK tohilinory. ,. . . . ,, (X..........................,. .......... . ,. . 62, O1K)
ho lss for superIntendont and us sktnnt,,....... 8,000
Guide pile 1,,,,,,,,,,,.6.I 0 11,200
IE nation.bi........ onblo yqrds .. 14,bn M7000

tiig............ do.... 02..... .26 15,AX)
Pumping.................. ..... ........ .. . ......10,000

Total~~~~~~~~~~~~~~~~~.......................I . ._...................... I .. ....... ... .. W ,._M

Estinwte oj coat, Lock No, 6, slack-water project.
LIFT 11.7 FEET.

QuantltY* UiIt cost
Qu.tt.price,

Portland cenientoonoroto .................. .o... l)o yards.. 60,430 $0.00 3t0,688
Plies In fomidation . linear feet,, 133,400 40 ,b3:0
Sheet piles .eo.l.1i... 324,000 .05 10,2w0
Strootoral stool Ingts oIs...........................ounds,,1,438,740 .00 80,3:26
At horon dconreotges .....ge.......................................a............ecin 103
Valves and valvof(ri ms ........................................... . .................., 4,
Cast-iron hollow qiolns............... ponds .. 12,000. 4604bO
Oak timbert:

MIter and contttslls........................f...........feet 13. M.. 13,000 .05 680
Miterand quioin Its............stI...,,,,,,,,,,,,.,,,,,,,,do.... 14,400 .Ob 7120

opertIng inahnery............................................,,,.... 1,000
Holmes for superintendentan( assistants.................................80........8,00
Guide piles,..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..... 11,200
Hxmavatlon............. oublo yards.. 14,000 .60 7,000
Back Oiling..... do,0..62,000 .2b 16,60
Coffordam................... 7,000
Pumping........ .. 10,000

Totl..4:4............. ...... _ _,

9.869604064

Table: Estimate of cost, Lock No. 5, slack-water project


Table: Estimate of cost, Lock No. 6, slack-water project
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Estimate of oost, Lock No. 7, sJack-watr project.

LIFT 10 FZKT.

Quantity. Unit Co.

Portland moment concrete .................. cublo yards.. 48,040 $60O 293,80
Ples In foundation ....... ..................... IlnorNAot,, 120,000 .40 48,000
1heet piles .... ... .....oI...lolt 1, M., 324, 0n .06 1e,200

Struotralt1,I' gatO', . I I........... ,ollnl.s1,384,6U8 .06 83,073
AnchoraW and oon otlon ......9.69......................... ..9,1 1fi4Valy ViYd Volvoframe ........................................... ........... 4,200
Cat-iro n hollowq u olnS......................,,126

Iter nd oontat silt .. feot 1. Ud.. 13,000 .06 860
Mlter and qlJolti posts...do.... 14,018 .06 701Vprting mwoh tillry ................. . .. . . .,.,.,,,,,,,.... ................... ... b , OI)

}1f up-rinlivenllltand ~M ~.....Il .,,,,,,,,,,,,,,,,,,...¢jI .... I I ... I I.. .. 180 °°
GU do .................. I..........I. ........ f *i....I... .. ,........ ... . 11,z0Gxoa r to,,,,,,,,,,,,,,,.,,............ ....I............,,...... o l iy~ards- . .. ..0 . W
BooksnIWO ......... Il..I..................... (10, .. I6 000 . 25 t 7,X4
Coffer AM ......... ..................... I. . . . . I . . . . . . . . . . ............ ........ 120,000
Pumping ..... ;Xjj*........... ... .. .. .. . .. .. .. . .. .. .. . .......... ......... . ..... . 12,000O

Total ........... .......... ......... .......... .......... ........ .......... ........ 01,411

Eslimat of cost, Lock No, 8, stock-twakr project,

LIFT I0U FEET.

Portland cement concrete... oublo yards.
P'les In foindatioll .... Ilnisr feet.
Hheet pile .....f.eet I3. H..
14tuotllral stxin gt e .............., ,,Poundsk
Awhoragel and eom nllons..............................................
Valves and vlave frames ..................................................
Cut-Iron hollow quotas................. ..... uns..
Oak timber:
mlterand oontt 1................. feet 13. M..

0
Miter and qusol~nposts ..................... do..

Guieatlngmehls y,....................................................I......RiesIfor superin..ndent andn.ls.tAnt, .............................
BaCldeplle........................................................
KzCayalon .ulhie yards.
Back Iill Ikg do..
Coferda ..............................................
Toa.Sp,....................................

Total.......I.........................................................

Qlatity.

40,270II:ffOO
32I, ()

I, :3 I0, 9643

13,000
13,248

.. ..........

.. ..........

............

3,000

............

Unit
price.

K00
.4)
.16
.00

........

........'
.05
.06

...I.....

........

........M.60
.26

........

Coe

$277,620

id, -2
79,017
9, 482
4,20
5,934
550
0m

80,000

11,200
1,5d00

-90,000
'10,000-1,,88I1

.. ,,

9.869604064

Table: Estimate of cost, Lock No. 7, slack-water project


Table: Estimate of cost, Lock No. 8, slack-water project
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'stivnate of coat, Lock No. 9, 8lack-water project.
LIFT 5.2 FEET.

Quantity. Unit Cost.

Portland cementconerete................. cubic yards.. 42,180 $6.00 W3, 080Plles In foundation .. ............ linear feet.. 108,400 . 40 43,360
Sheetpiles .........,;........ . ,, ,feet B. M . 324,000.. .05 16,200
Structural' steel in gates. ,...twunds.. 1, 21, 24 .06 75,076
Anchorages and connections.. 1,251,24* .06 76,079Valvesand valvefranes... ............ 3, S
Cast-ro6 hollow quolns... ............ *ds 114,380 .0 5,719
Oak timber

miter and contact sills.... ..... J.- 4)lfset B Mi 13,000 .05 850
llter id quoin posts....d...... ;

'... 12,768 .05 638
O rating ma chinery .......... .,................................. ........ 45,000
Houses for superintendent and . . . . ............ .... 8,000
Oulde ples................... . 11,200Excavation ......... yads.......... 0. a'ias.O
Back filling ...... ,,.; :,. . do . 120,000 .25 30,000
Cofferdam......................... .......................... 100, 000
Pumping....... ............ 11,00

Total ............................................................... .. .. 612,731

Estimate of coat, Lock No. 10, sck-water project.
LIFT 15 FEET.

Quntity. Unit CoKprice. st

Portland cement concrete............................ oublo yards.. 58,070 $8.00 $352,020
Piles in foundation.;..l..........................near feet.. 142,400 .40 6,90
Sheet tlee...... e.. feet B. M 324,000 .05 16,200
S uraettel Ingates.............................,.;..pounds:: 1,590,120 .06 95,407
Anchorages and connections...................................... ........ 11, 449
Valves and valve frames....................................... ........ 4,500
Castiron hollow quolns................. pounds. .141,040 .06 7,062
Oak timber:

miterandcontact sills............. fet B. M.. 13,000 .05 50
Miter and quoin posts................. do.... 15,744 .08 787

Operating machinery.............. ,................... ........ 66,oooHouses for superintendent and assistants ..............................., .................. 8,000
Guile piles........ ............ ....... 11,200Excavation......cubic yards.. 3,000 .60 1,50
Back filling...... do.... 110,000 .256 27,600
Coferdani..................................... 110,000
Pumping..................................... 11,000

Total......7............... ........ 760,225

APPENDIX No. 7.

THE OANAL PROIEOT.
(By Asistant Engineer J. W. Woermann.]

ST. Louis, Mo., January 21, 1909.
COLONUL: I have the honor to submit herewith my report upon a project for obtain-

ing a 14-foot waterway from St. Louis, Mo, to Cairo, Ill., by means of a continuous
canal, and also by means of'an interrupted canal.
The river and harbor act of March 2; 1907, reads, in part, as follows: "The Secre-

tary of War may apoint a board of five members * * * to examine the Missis-
sippi River below St. Louis and report to Congress * * * upon the practicability
of constructing and maintaining a navigable channel fourteen feet deep and of suit-
able width from St. TLotiis to the mouth of the river, either by the improvement of
maid river or by a canal or canals for part of said route."

9.869604064

Table: Estimate of cost, Lock No. 9, slack-water project


Table: Estimate of cost, Lock No. 10, slack-water project
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WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 101

GENERAL DESCRM ON OF PROJEWL.

In accordance with this provision I was instructed by the board to prepare estimates
for a canal or canals from St. Louis to Cairo of similar size to the canal sections of the
adopted project between Chicago and St. Louis viz, a canal trunk with a bottom
width of 160 feet and Hide slopes of one on two, and locks 80 feet wide and 641 feet long
between hollow quoins, or 600 feet long in the clear.
When I began work on this project on August 1, 1908, the survey, had been com-

pleted azd most of the charts were wellunder way. A study of these charts§together
with my personal: knowledge of the topography, convinced me that a continue
canal from St. Louis to Cairo was impracticable, on account of its probable cost, as it
would involve many miles of canal trunk through bluffs,fromt75 to 200 feet high.
However, to show its impracticability more conclusively an approximate estimate
of such a canal was prepared, which is given at the close of this report.

I decided, therefore, to lay out a canal across the bottom lands only where the con-
ditions were favorable, and elsewhere to use the natural bed of the river. The proj-
ect as laid out consists of four stretches of open river navigation, (connected by three
sections of canal, all of which are laid out on the Illinois side of the river. These have
been designated the upper section, middle section;-and lower section, respectively.
A movable dam of the Chanoine wicket type has been located in the river near the

upper end of each section, for the purpose of affording ample depth in the open river
section,, and also for the purpose of securing an economical bottom grade for the ad-
jacent section of the canal.
Dam No. 1 is located about 1 mile above the Meramec River or 18.7 miles below

the Eads Bridge. Dam No. 2 is located at the foot of Crains island or 79.7 miles,
by river} below the Eads Uridge. Dam No. 3 is located at the town of Commerce, or
143.9 miles, by river, below the Eads Bridge.
The general location and length of each section of the canal and of each stretch of

open river navigation is shown in the following table:

Length. of component parts of canal project.
Miles.

Open river from the Eads Bridge to Meramec River ..................18.1
Canal from Meramec River to 1KaskaskiaRivere....'...........' 39.8
Open river from Kaskaskia River to foot of Crains Island .. 16. 1
Canal from foot of Crains Island to head of Devils Island .................... 45. 2
Open river from head of Devils Island to Commerce ................ 18. 9
Canal from Commerce to Pond LillyCrossing.. 15. 5
Open river from outlet of canal to mouth of Ohio River. .. 7. 7

Total............................................................... 161.3
The total distance by river from the Eads Bridge to the mouthAof the Ohio River is

182.5 miles, so that the canal project will effect a saving in distance of 21.2 miles.
A guard lock is provided at the upper end of each section of canal. These are

designated as No. 1, No. 4, and No. 6, on the accompanying maps, profiler and
estimates. Ordinarily there will be little or no lift at these locks, but they are designed
for a lift of 4 feet, so that they may be used up--to a stage which is 4 feet above the
normal pool level. The guard gates are designed for a head of 18 feet at the upper end
and 14 feet at the lower end, which may occur when a lock is pumped out for repairs.

9.869604064

Table: Lengths of component parts of canal project
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Locks No. 2 and No. 3 are located near the lower end of the upper section, with
lifts of 15 feet and 22 feet respectively, Lock No. 6, with a lift of 32 feet, is located at

the lower end of the middle section. Lock No. 7, with a lift of 38 feet, is located at the
lower end of the lower section. The total fall from the proposed pool at St. Louis to the

mouth of the Ohio River is distributed as follows:

Fall. Elm
A.... . . ~~~~~~~~~~~~~~~~~~~~~~~~~tion.

Fed, Fede.
Crestof DaT No, I, above Meraineo River ............................................. .....e

Upper section:
Look guard look.......................................................... 0

Look No. .........................I..........l.16
Look No. lift........................................ 22

Fal from Loek No.3 toDamNo.2 .......................... -I1

Crest of DAo No, 2 at (Crains Island.....................................68........... 3b8
Middle section:

Look No. 4, guard look..........................................................
Lock No. 5, lift................................................................. 32

Fall from Look No.6 toDan No. 3 .....................................................

33

Crest of Dan No. 3, at Commerce, Mo................................................ ........
Lowersection:

Look No. , guardlook..

Lock No. 7, rftt~.......38
Fall from Look No. 7 to the River._6

~~44

Total fall ........................................................ 115

Elevation of water surface at the Junction of therivers........... 281

OANAL TRUNS.

The center line of the canal was laid out on the large charts, where the topography
eemed most favorable, taking into account the elevation and character of the ground
stream crosings, highways, and other features which affect the cost, maintenance, and

utility of a canal. Where the best location could not be dctermirned ,by inspection,
two routes were laid out, and comparative estimates prepared to decide the question.
For the purpose of computing the earthwork the lines were transferred to the field
sheets as the ground elevations could be tabulated more accurately from them than
from tie large charts.
The location has also been transferred from the large charts to the four sets of photo-

lithographic copies, which accompany this report. The dams and other structures
relating to the canal are shown in re(d, while those relating to the lack-water project
are shown in blue. The parallel rod lines indicated the width of the casual at the water
surface which is 216 feet. The right of way, which is 800 feet wide, on an average,
in not shown.
The location and degree of curvature of each curve on the canal is shown in the fol-

lowing table:
Table of cutrvs on canal project.

(1L.-ieft; R.-right.)
UPPER SECTION.

From ttion (approximate)- To station (approximate)- er o .No.o

0 I

i1..................................... 0 0L. 3
84+200.36+00.0 30 R. { 4
43.................................... 447.......... 0 a0 L.
.1. 68.... 0 30L 4

so. . e .. . . .. . . . . . .. ... :......... so................................ . ,.... 0 80 L2. 4
117+7X., ... .. 12 0+.00.... 0 30R. 6
1...................................... 131+7 . 0 30 L. 6
18......................14 8........ 0 30R. 6
101......................................... 18 3 ......,.. 0 30 L. 0

. .... . 2 00.. 0 sO; 0

9.869604064
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Table of curves on canal projmet-Continued.
(L.-left; R.-right.J

MIDDlE SECTION.

103

Frouim Statloti (nijpproximatea- To station (approximate)- ogirve. chart.
0 . 3 . 0 3r. _a.

0.. . . . . . . . . .. . . . . . . . . ....... 30R........... . . . . . . . . . . . . . 0 0 .

13.-14.o.,,(.30)R. ...
.39,,., .,41.O,,,,,,,.......3Of.{a....

13+........0...1.g............................1 .......... .3 i.77.........I0............... 41 F ................................. ,.... 90
89+ 00............................ ..........3t0 61+o R................... 1C0:77±600.80±000.0 .30 L. g
91+7A).93+(0).3 (X)R. 10
96 +8(.99............................0...... 30 ft. 1C
134+700...144400. 0 18 R. 11
Mhe... ..................... ................If WY.. .. . .. .. . .. .. . .. . ..... 11W)T'
1790-6t).....................................0.8 R.....

11
20:1 400.................................... .01.....I .. . R...... 15
20.212 . .... 0 R. 12
221..... 2. ....... 0 30It I2
229.........................................0. . R. 12

LOWER SECTION.

2......................................~~~~.. . ._........4...................................... I .0 _L. 14
2..1 00,,, 14.I
24 .30............................. O56 R. It
33} +MX).. I ........ , .....1 00I 1,, I
63-40.....1...... R. 1A
784+500...... 81. 1 00 R. 17

EMBANKMENTS.

The embankments have been designed with a top width of 16 feet, so that they may
be used as highways by the people along the canal, to travel from the many pnvate
roads to the proposed highway bridges, which are located only at public roads.
The side slopes are 1 on 2, the same as for the excavated portion of the canal.
A careful study was made of the high-water elevations on file in this office, and

the embankment grades established 1.5 feet above the high-water line of 1844. The
amount of earth work in the embankments was computed for all stations where the
amount of embankment exceeded the amount of excavation.
To prevent wave wash, the inside slopes are riprapped for a width of 9 feet, measured

along the slope. This riprap-will usually lie on the excavated slopes, but where the
ground is low it will fall on the embankment.

BACKWATER.

The subject of backwater slopes above the proposed dams is covered in my report
upon the eslack-water project, and need not be repeated here.

LOCKS AND DAMS.

The locks and dams are similar in every respect to those provided for the slack-
water project, and for details reference may be made to my report tipon that
project. A detailed estimate for each lock is given in the appendix to this report.
The following table gives the location, lift, and principal elevations in connection
with each of the seven locks in this project.

4



104 WATEIRWAY, ST. LOUIS TO THE GULF AND OHIOAGO.

Data relating to proposed locks.

Distance
from Distance
upper from Elevation Elevation Lift In

ot enjd Eads of upper of lower feet at
l.l location of section, Bridge miter miter low

in 1,000 by canal .lll. dll. water.
foot project,

stations.

Mille. Fete. Feet, Fed.
1 I mileabove'MorameoRiver.... Oto 1 18.1 382 382 0
2 2 miles above Ste. Genevieve. . 176 to 177 61.5 .382 367 16
3 1.3 miles above Kascaskia River 20(1 to 207 67.2 307 345 22
4 Foot of Crrals Island................. I to , 2 74.2 344 344 0
A 8 miles above Cape CGirardeau....... 227 to 228 117.1 344 312 32
0 Opposite Commerce..........i to 2 138.3 311 311 0
7 3 mlles above Cairo.78 to 79 153.0 311 273 38

Mouth of Ohio River................... 161.1.1.................. ..........

light of Helght of
No. ~~~~~~~~~~~~Tovof To~of vulal, at Wallis atNof.eea oain wal s at walfs at upper lower No. ofof (kneral location. upper lower end end chart.loox end. end. a~~~~~~~boye above it

en.end . chamber chamber
floor. floor.

Feet. Fet. Fet. Feet.
1 1 mile above Meramee River ........ 420 402 37 18 3
2 2 miles above Ste. (Genevieve ........ 399 399 31 31 0
3 1.3 inlles above Kaskaskia River.... 39W 387 60 41 6
4 Foot of Crains Island .. 386 364 41 19 8
6 8 miles above Cape Girardeau ....... 361 301 48 48 12
6 Opposite Commerce ......... 342 331 30 19 14
7 3 miles above Cairo................. 331 331 67 67 17

Mouth of Ohio River............................ ........ ............ ..........

BRIDGES.

A swing bridge with a draw pier tb one side of the canal has been adopted as the
moot economical type for this project. The short span which swings over dry land is
counterweighted. The pieri and abutments arc of concrete, founded on piles.

It was found that 54 highway bridges and 3 railroad bridges were required for the
entire project. The locations are shown on the accompanying maps, each series being
numbered consecutively.

OULVXRTS AND AQUEDUCTS.

In determining the dimensions of the culverts and aqueduct. required under this
project, much weight was given to the sizes of existing bridges across the same water
courses. Where such bridges did not exist, the determinations were based upon the
size of the channels and upon the areas of the watersheds.
Wherever it is practicable the culverts have been taken under the canal, flushing

devices being provided where needed. Where the topography is unfavorable to this
arrangement, a culvert is provided under one embankment and the water is taken
nto the canal.

9.869604064
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WATERWAY, ST. LOJIS TO THIE GULF AND CHICAGO. 105

The following table shows the location, size character, and cost of the 28 culverts
and 1 aqueduct required under this project. .ione are required on the lower eection
of the canal.

Table of culvert. and aqueducts.
UPPER SECTION.

No. Station. No. of Size and character. Cost.chart.

1 10 * Two 48-Inch pipes under east embankment.., 00
2 1i 8 One 48-inch pipe under east embankment.3,000
3 25 3 Six 12-foot arches with flushingdevice. 138,000
4 50 4 Two 48-Inch pipes with flushingdevice..1,0
6 59 4 .... do................................................................ 1,600
6 77 4.do . 19, 00
7 95 6 Three 10-*eA ur~lht, 'vthltW frufilVdevice. f 4, 800
8 101 5 Two 10-foot arches with flushing device...........................43, 200
9 107 6 Three 12-foot arches with flui~hln, deovice ....................76........6 00N

10 123 6 Two 4-oth pipces with flushing devicee .............................. , 00
11 133 6 Three 48-Inch pipes with flushing device.............................. 29,200
12 141 6 Two 12-foot arches with flushing device ............ ................ 60,400
13 174 6 One 12-foot arch with flushing device............................... 21,000

. 6b02,200

MIDDL1E SECTION.

14 3 S No cvert but new outlet ...................,.t3,300
15 11i One 10.foot arch tnder east embankment 6,000
16 20 8 Two 12-foot arches under east embankment ........ .................. 12,600
17 28 8 One 12-toot arch vnder east embankment ............................ 7,000
18 38 8 ..do... . . . . ..... . 7,000
19 45 9 Two -toot arches under eastembankment.9, 000
20 64 9 Two 48-itnh pipes under west embankment ........................ , ,000
21 77 9 Two 12-foot archer with flushing device............................... 50,400
22 101 10 One 12-foot arch under west embankment.................. 7,000
23 111 10 Two 48-lach pipes under west embankment ................ ,o000
24 117 10 ..... do.5....................F,000
26 124 10 ..... do.6,000
26 130 10 ..... do.......... f,000
27 140 11 ..... do .5,000
28 164 11 One 10-foot arch with flushing device.................................. 24,000
(a) 14 11 Eighteen 36-toot spans over Big Muddy River ......... ................ 610,000

666,300

- Aqueduct.

UNIT PRICES.

The unit prices used in this project are the same as given in my report on the
slackwater project, with the following exception: The price of earth excavation for the
locks has been taken at 36 cents per cubic yard instead of 50 cents, as in this project
most of the excavation is dry
We have the following additional items: 25 cents per cubic yard for excavation of

canal trunk and ditches; 26 cents per cubic yard for embankment, wherever the
embankment is in excess of the excavation; 60 cents per square yard for riprap; and
$200 per acre for right; of way.
The average price for a highway swing bridge has been taken at $55,000 and for a

single track railroad wing bridge at $70,000. These prices are based on the cost of
similar bridges over the Chicago Drainage Cwnal

9.869604064
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Estimate of cohs.
UPPER SECTION OF CANAL.

Quantity, Price. Total.

Excavation:
Canal trunk............................. cubic yards.. 22,60,703 $0.25 $5,047,676
Ditches.do3.. 8,00( .25 92,000

Embankment.s: Excess overexcaaton....do 347,026 26 801,981
Rlprap , ........ . squarearrds.. 414,000 .00 248,400
Highway brd.g..... 21 65,000.00 1, I)5,000
Raulroa bridges.....................170,000..00 70,00Culverotb dg3 ............................ I........ : : ........ . . .,13Varlal0l.0 70,000Culvert..., 13 Variable 602, 000
Dam No. 1 .1,350,000
Look No. 1, gIard look......46,912
Look No. 2, lift Ih feet............... ....... .... , 164
Look No. 3, lIft 22 feet ........................ 760,342
Rightof way.acres.. 3,857 200.00 771,40
Contingencies, 10 per cent..........................................1........................1,171,112

Total.1 3............7................... ........|.12,882, 237

MIDDLIE SECTION OF CANAL.

Excavation:
Canal trunk............................. . blo yards.. 30,142,518 50.25 $7,635,630
Ditches.... do 421,333 .25 105,333

Embanknents: Excess over excavation.do, 1,389,629 .26 347,407
Riprap.. square yards 474,000 .60 2S4,400
HBihwav bridges........... 27 65,000.00o 1,486,000
Railroad bridges............ 2 70,000.00 140,000
Culverts ....15 Variable. 1560,300
Aqueducts....................................................1............ 510,000
DaxnNo. 2 .................................................... ............ ............ 1,600,000
Look No. 4, guardlok....617,614
Look No. 5, Uft 32 feet .....87,24
Right of way....... acres. 4,389 200.00 877,800
Contingencies, 10 percent. .................. 431,674

Total:................ ....... ............ 15,748,412

LOWER SECTION OF CANAL.

Excavation:
Canal trunk.......... cubic yards.. 9,936,902 50 26 52,434,240
Ditches ..do 140,444 .25 36,111

Embanknents: Exce overexcavation1 .25 16,278
Riprap. square yards 168,000 .0 94,"00
Highway bridges 66,000.00 330,000
Dan No3............................... ............ ............ 1, 500,000
Lock No. 6, guard lock ............ ......... 484,110
Look No. 7, lift 38 feet... . ........................ ....... ............ 1,014,36
Right of way....... acl... 1,488 200.00 297,600
Contingencles, 10 per cnt ... ............ ............625,553

Total.....,...i-4 . ............ 881,087

GRAND SUMMARY.
Uter section, 39. 8 mles lon ..... ... $12,882,37
Middle section, 46.2 miles long ....15,748,412
Lower section, 15.3 miles long ........................................ 6,881jO7

Grand total, 100. 3 mIles long............................ .. 35,511,738

OPERATION AND MAINTENANC-7.

'The cost of operation and maintenance for one lock is estimated as follows:
6ne superintendent, at $100 per month.$100
Six lock tenders, at $50 per month.300

Labor for one month. 400
LAbor for one year....................................... 4,800
Supplies and repairs............. 3,200

Total for one lock for one year................ 8,000

9.869604064
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The cost of operation and maintenance for one lock and an adjacent dam baa been
taken at $15,000 per annum, the same a in the slackwater project.
The cost of operation and maintenance for each bridge is estimated as follows:

One bridge tender mechanicc) at $100 per month............................. $100
Two bridge tenders at, $50 per month..................................100

Labor for one month............. 200
Labor for one year......................................................... 2,400
Supplies and repairs........................................................ 1, 600

Total for one bridge for one year.............................. 4,000
The cost of maintainingia 14-foot channel in the 01 miles of open river which con-

stitute a part of this project has been taken at $,(M00 per mile, the same as in my
report on the slackwator project.
The cost of maintaining te canal trunk has been taken at $200 per mile. This

cost is not uniformly distributed, but is principally for dredging at the points where
streams are taken into the canal.

In order to make the estiniate more liberal I have included an item of $50,000 per
annium for bank protection, the same amount as in the slackwater project, so that
the banks may be permanently protected, wherever the caving threatens to do any
serious damage.

Estimate of cost of operation and maintenance for canal in three sections.

S locks and adjacent dams, at $15,000.......................... $45, 000
4 locks, without dame, at $8,000.......................... 32, 000
67 bridges, at $4,000...................;.................. 228, 000
Dredging in river 61 miles, at$1,000...., 000
Maintaining cana trunk, 100 miles, at $2CO................................ 20, 000
Bank protection......................................................... 60,000

Total. . 436,000
CONTINUOUS CANAL.

The following estimate for a continuous canal from Madison, Ill. (the terminus of
the canal recommended by the Mlimissippi River Conimivsion in 1905), lo the mouth
of the Ohio River was prepared by estimating the cost of constructing four sections
of canal to replace the four stretches of open river navigation in the preferredfproject
and adding these to the estimates for the three sections of canal above described
The excavation for each section was computed by taking the average of a number

of typical elevations along each section. The estimates of embankment and of high-
way bndRee and culverts are based largely upon the results obtained in my detailed
study of the canal in three sections. The number of railroad bridges was determined
from the maps on file in this office. No dams will be required in this project, but
a very expensive and unusual structure is required at the Kaekaskia River, viz, an
aqueduct with a draw span. This is necessary because the Kaskaskia is a navigable
river. The only alternative is a lock on each side of the river, so that boats may
lock into the Kaskaskia River and out ain, and a siphon under the Kaskaskia to
carry the water supply for the canal. he costs of the two plans would not differ
materially.
The aqueducts over the other large steams do not offer any special difficulties.

EsimoM of cog of a canal from Madison, fil., to the Meramec River, 22.8 milc.
Excavation:

(rmal trunk, 22.8 miles, at $160,000...............$3, 648,000
;Ditches, 22.8 miles, at $2,300 .................................... 52,000

Embiakmenta: Excess over excavation ............. ........... 77,000
Riprabp, 22.8 miles, at $6,200 ...................... 141,000
Highwray bridges, 15, at $65,000 ..s.., 000
Bad...ad bridges:

One three-track, at $180, 000 ........................................ 180,000
Three double track, at $1295,I0.............................0.... 375,000
8ixsingl.track, at$70,000 .....0..................................40,000

9.869604064
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Culverts.................$. 520,000
Right ofway. 40,000
Contingencies, 10 percent.. 68,800

Total.................. ...... 7,366,000
Estimate of cost of a canalfrom Kaskaskia River to foot of Crains Island, 16 mile.

Excavation:
Canal trunk-

1.5 miles, at $2,670,000...................... . . .

8 miles, at $4,576, 000..................................
6.5 miles, at$180,000. ..................

Ditches, 16 mIles, at $2,300................................
Embankments: Excess over excavation, 8.7 miles.....................
Riprap,,, 16 miles,at $6,200..........................................
Highway bridges':

Four (300 feet),:at $5,0o0o....................................
Six (900 feet), at $160,000..................,

Railroad bridges,3, $70,000...........................................
Aqueduct over Kaskaskia River, with dawspan .......................
Aqueduct over Marys River.........................................
-Culverts .............. b............................. . . . . . . . .

Right ofway::
9.5 miles, at $00,000 .............................................
6.5 miles, at $20,000..............--.----.----..........*.-.-.-.-

Contingencies, 10 per cent...........................................

$4, 005,000
36, 608,000
1,668,000

37,000
40,000
99,000
220,000
900,000
210,000

1,800,000
225,000
200,000

570,000
130,000

4,604,000
Total.561,271,000

Estmate of cost of a canal from DMtaI* Island to Commerce, 18.8 miles.

Excavation:
Canal trunk-

6.8 mIles, at $1,071,000......................... . .

6.6 miles, at $70,000.................
Ditches, 13.3 miles, at $2,300....................................

Embankments: Excess over excavation, 6.6 miles, at $50,000...........
Riprap, 13,3 miles, at $6,200..................... - .*

Highway bridges:
WFour (300 feet), t $65,000.Four (450 feet), at $80,000........................................

Railroad bridges $70,000.........................................
Culverts and aqueducts..............................................
Rfiht of way:

$7,283,000
465,000
31,000

325,000
82,000

220, 000
320, 000
140, 000
600,000

6.8 miles, at $40,000............................................ 272, 000
6.5 miles, at $20,000 ................. ............................. 130, 000

Contingencies, 10 per cent.............................................. 976, 000

Total..............................................1;.10,734,000

Estimate of coat of a canal from Pond Lily to mouth of Ohio River, 6.6 mik.
Excavation:

Canal trunk, 6.5 miles at $70,000.$455,000
Ditches, 6.6 miles, at 16,000

Embainkments: Excess over excavation, 6.5 miles, at $50,000.............. 325,000
Riprap, 6.5 miles, at $6,200............................................. 40,000
HiOhway bridges, 4, at $55,000 ........................................ 220,000
Railroad bridges, 1, at $70,000 ..................... 70,000
Culverts........................ 200,000
Right of way, 6.6 miles, at $40,000........................ 260,000
Contingencies, 10 per cent ........................ 158,000

Total....................1,743,000

1l(8

9.869604064
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GRAND SUMMARY.

Estimate of cost of a continuous canalfrom Madison, Ill., to mouth of Ohio River.

Mites. Amount.

Madison, Ill., to Meraineo River,...................!.................... 22.8 $7,360,000
Merameo River to Kaskaskia Rivera.............................. 39.8 11,397,237
Kaskaskla Rlver to toot of Crains Island. ........ 6.0 61,271,(00
Foot of Crans Island to head of Devils Isiandb ........ 4,5,2 14,008,412
Head of Devils Island to Commerce .. 13.3 10,734,000
From Commerce to Pond Lily Crosslangc........ ............................. 1 .3 5,231,087
From Pond Lily Crossing to mouthofOhio River .. 6.5 1,743,000

Grand total ....... 158.9 101,830,736

.Without Dam No, 1, deduct estimated cost + 10 per cent for contingencies,*
Without Dam No, 2, deduct estimated cost + 10 per cent for contingencies,* Without Dam No. 3, deduct estimated cost + 10 per cent for contingencies.

ALTERNATE PROJECT FOR A CONTINUOUS CANAL.

-An approxate estimate has also been prepared for a canal which would cros over
to the Missounr side of the river above the Kaskaskia River and then back again into
Illinois at the foot of Liberty Island. This would avoid the high bluffs which follow
the Illinois shore between these points and also eliminate the aqueducts over the Ka-
kaskia River and Marys River.
This project requires a lock on each side of the river at both places where the Mis-

sisippi is crossed, or a net addition of two locks to the continuous canal project on the
Illinois side.
The estimated cost of a canal on the Missouri side from the Kaskaskia River to the

foot of Liberty Island is as follows:
Cost of canal trunk, 16 miles, at $423,000............................... $6, 768, 000
Cost of two additional locks on Missouri side ............................ 1, 800,000
Additional Cost on account of increased lift of two locks on Illinois side.. 600,000

Total................. 9,168, 000
The estimated cost of the canal on the Illinois side between the same two points is

$42,179,000, making a difference of $33,011,000 in favor of the Mitsouri side, This
difference is reduced, however, by the increased cost of the canal trunk from Liberty
Island to Devils Island, On account of the lows of grade which results from locking
into the river the bottom grade of the canal is lowered 15 feet from Libeerty Island to
Devils Island and the cost of this section increased by $7,722,000. The higher bot-
tom grSAe can be secured in this alternate project only by mean of a dam in the river,
as in the preferred canal project.
Deducting this amount from $33,011 000 nives us $25,289,000 as the net saving in

favor of crsaing over into Missouri. Deducting this from $101,831,000 gives us
$76,642,000 as the estimate of cost for the alternatee project.

OPERATION AND MANTENTAW.,4Y OY CONTINUOUS CANALS.

The following estimates of cost of operation and maintenance require no additional
explanation, except perhaps as to the hem, bank protection, $50,000. This has been
included in each estimate with the 'dea that at ¶lmes the caving of the bank may
threaten the canal and require protection for that reason if for no other,

Estimate of coat of operation and maintenance for a continuous canal on the Illinois Si&
of river.

7 locks, at $8,000 ................-.-.-.-.......... $56,000
110 bridges,' at $4,000... 440,000
Maintaining canal (100 miles), at $200...................................-.20,000
Maintaining canal (60 miles), atS5W ........................... 30,000
Bank protection.........5-0,000

Total............................................................. 596,000

9.869604064

Table: Estimate of cost of a continuous canal from Madison, Ill., to mouth of Ohio River


Table: [No Caption]


Table: Estimate of cost of operation and maintenance for a continuous canal on the Illinois side of river


460406968.9



110 WATERWAY, ST. LOUIS TO THE GULF AND CHIOAGO.

Estimate of coat of operation and maintenance for alternate project for continuou. canaL

9l ock8,atO8,000............ ... . . . $72,000
110 bridges, at $4 000.440, 000
Maintaining canal (153 miles), at$20030,0600
Maintaining canatl (7 mile), at $500.3, 500
Dredging at river crossing.......................... 10,000
Bank protection ............5........................................0.. 50,000

Total......... 606,100
Respectfully submitted.

J. W. WOERMANM, A8&8itant Engineer.
Col. W. El. BIXTlY,

Corps of Ewnqineers, U. S. Army,
Senior Afember Board on Ecxamination and Survei/ of hfisi8ssippi River.

Estimate of cost, Lock No. 1, canal project.
GUARD LOCK.

Quantity. prUle. Cost.

Portland cement concrete............c....ubic yards 33,460 $8.00 VW1,700
Pidi li fotndatlon................eet........ . 98,600 . 40 38,440
struotural steel In gates.pounds 1,088,20 .06 66,297
Azchorages andconetos............................. 7,83
Valves and valve frames........................26............................. ..... 2,634
Cost-iron hollow quoins............... pounds. 99W760 .05 4, 988
Oak timber:

mlterand contact sIlls.............. feet B. M. 13,000 .06 650
Miter and %uoln posts.............. do. 11,136 .05 657

p ratu macnlnery. .... .............. ................................... ............ ........ 40,000
Housesfor superintendent uind assistants............................ ,. ........ 8,000
GuideOle.p..........iles. ............ .. ............. 7,420
Excavation.c....,,...........e ubic yards.. 110,110.3b63
Back 11ing.,,do 119,370 .26 29,842
Cofferdan ,, .... 6,000
Pumping......* . 4,000

Total....4 2............ . ...... ,..... ,962

Estimate of cost, Lock No. 2, canal project.
LIFT 16 FEET.

Quantity. Unit Cost.

Portland cement concrete..... ............. cubic yArds 42,900 5800 $297, 400
Plies Infoundatlon......... fe...........,. ,teet..112,200 .40 44,850
Structuia steel Ingates....pounds 1,024,600 .06 61,474
Anchorages andconnetlons.... 7,380
VAve nd valve res........ 40bOO
Cat-iron hollow quolns...............,.pounds. 101, 480 .06 6,074
Oak timber:

Miter and contact sills.;.... ........... feet B. M 13,000 .05 560
Miter and quoln posts............... do., 11,328 .06 568

Operating machinery. ... 65,000
Houses for superintendent and assistants . .......................... .............., 8,000
Guldepiles............. ........ 2,240
Excavation. ...... ,,,cubicyards,..cubic . 3551,802
Backftiling.. do 72,6t) .25 18,148
Ooffrdaw....:........................ b000
Pumping......................... 4,000

Total............ ...... ........ 6,14

9.869604064
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Estimate of cost, Lock No. .$, canal project.
LIFT 22 FEET.

1ll

Quantity. Unit Cost.

Portland cement concrete. cubic yards 62,320 86.00 $373,920
PIles in(oundation. feet 160,400 .40 6, 660
Bitruotural stleolIn gatu,. pounds 1,478,400 .06 88,704
Anchforapgs and connections ........................................... 10,644
Valves and yalve frames .................. 5,200
Cast-lron hollow quoins................................p..........ounds.. 147, 0NA 0 .05 7,63
Oak tlinber;

Miter and contactsIlls................, . .... feet B1. M. 13,000 OS MO0
Miterrand quoirt losts.do.. 10,416 .06 821

Oyrating machinery ....................... 62,0009"ouses for superintendent and assistants,.,........,.....# 8,000
Guide piles . . I.... I . . : . I....... 6,320
Excavation ,I.....3M 86,64
Backfilling...... do ,,142,080 .26 35, 620
Cofferdam ..... 12,00
P.mpg ..... 6,000

Total.. ... 76,32

Estimate of cost, Lod No. 4, canal project.
GUARD LOCK.

Quantity. Ulntt cos

Portland cement, conete tcubic yards. 35, &50 $6. 00 1213, 9
Plbes In foundations................ffeet.. 106,200 .40 42, 480
Structural iteel In gates................ pounds.. 1,141,290 .08 68,477
Anchorses and connections ... ... ........ 8,217
Valves and valve frames ,.,................ ........ 2,6M
Cast-tron hollow quoins.................. pounds.. 103,200 .06 5,160
Oak timber:

Miter and contact sills.................. eet B. Md.. 13,000 .06 660
Miter and quoinpots................... do.... 11,620 .06 676

O ng machinery ..................................................... ............ ....... 40,000lfousestorsuperintendent and assistants..............................8,........ .... 8,000
Guide piles .... 7,420
Excavation...... cubic yards.. 219,150 .35 76,702
Back filling.(.,... 125,590 .25 31, 3"Coiterdam......................... ........ .... 8, 000
Pumping.......... ;....... ......... ... 4,00

Total...................... ... 617,814

Estimate of cost, Lock No. 5, canal project.
LIFT 32 FEET.

Quantity. Unit Cost.

-Portland cement concrete........................... cubic yards.. 72,500 $6.00 435,000
Piles in kundation..............ft eet.. 193,900 .40 77,600
Structural steel ingates. pounds.. 1, 458, 460 .0 87,507
Anchorages and connections............................... .............. 10,500
Valves and valve trfe ... ....... ........ 6,900
Cast-iron hollow quol ............... pounds.. 132,440 . 6 o, M
Oak tirnler:

Miter and contact sills...............feet B. I.. 13,000 .0o 850
Miterand quoin posts.do.... 14,784 .06 739

Operating macinery.............................20.................. ........ 72 o
Houses for superintendent and assistants............................0................ 8, O
Guide pile ............................................... ........ 5,320
Excavation............................ cublcyards.. 250,110 .36 87,68
Back filling............................ do .... 163,670 .25 40,918
Cofdim............................................. ........ 12,000

Tomp al.........................2..................................8,000
Iftb l.... . .. . ... . .. I. .. . .. . .. .. ........... ........ .. 37,2H

9.869604064
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Estimate of cost, Lock No. 6, mnal projed..
GUARD LOOK

Quantity. Unit COILprico.

Portland cement concrete.................cibbl yards 32, $0.00 $192, 30
Piles In foulndationl ................ feet: 96,400 .40 38,160
Strucottlral steel ins gates..............pounds 1,008,080 .08 60,485
Anchorages and conlnections............... ......... .........7,268Valves and valve frames ............... , , ,,,.,........2,034
Cast-Iron hollow quolins.............pounds 93,740 06 4,687
Oak timber:

Mitorndcontaotsillb............. feet B. M.. 13,000 05 650
Miter and quoin posts............. do,.. 10,704 .06 s38

Operating .onery .......................................................... . 40,000
Houses for superintendent and assistants...... ........ 8,000
Guldep.les...... ,4
Excavation......... cublc yards.. 241,20 .85 84,63
Back filling....... do . 101,620 .26 26,380
Cofferdain.........................J. 8,o000
Pumpinig ....* 4, 0

Total . ................................................*....,110

Estimate of cost, Lock No. 7, canal project.
LIFT 38 MEET.

Quantity. Unit Ct.

Portland cement concrete.................. cubic yards 97,400 I 00 $8, 400
Piles in foundationf..................feet 270,800 .40 110,720
Structural: steel In gates..................pounds 1,808,560 . 06 99,393
Anchorages and connections.... .............. ..................... 11,927
Valves and valve frames.............8,50
Cut-iron hollow quolns................ pounds.. 1840..05 7,982
Oak timber:,

miter and contact sills................feet B. M.. 13,000 .05 650
Miter and quoln posts................ do.... 16,704 .06 835

Operatingmachinery................ .. .. ..,., ........ ...... 78,000
Iousesfor superintendent and assistants . ................................... ........ 8,000
Guide piles., 5,320
Excavation...... cubic yards.. 5,6..35 124,448
Back filling......do 224,890 .2 58,222
Cofferrlam...... .. ........ 12, 000
Pumping ...._,000

Total ............................................................1.......................1,014,395

APPENDIX No. 8.

RZPORT ON THU REBERVOIR POSSIBILITIES OF THE 8oUP.CES OForTHE ISSISSIPI, MINNN-
SOTA, ST, OROIX, OHIPPEWA, WISCONSIN, AND OTHER TRIBUTARIES OF THE UPPER
MISSISSIPPI RIVER, WITH REFERENCE TO THE IMPROVEMENT OF NAVIGATION OF
THOSE TRIBUTARIBS AND OF THE MISSISSIPPI ITrr.LF.

lExtract from Report of Assitant Engineer C. W. Durham, U. B. Enginmee Omce, Rock Isand, 11L)
The writer was able to procure all of the reports of the various district engineer

officers connected with reservoir exploration and operation and of their asstants
from 1869 to date, as also many additional documents and maps, all of which are sup.
plemented by h own knowledge of the improvement of the Misissippi River gained
by thirty-seven years' experience in the work, and by other information found in
the United States engineer office at Rock Island.
The writer's main endeavor will be to show:
First. The greatest practicable extent to which the reservoir systems may be carried

with a view to obtaining the greatest possible discharge during periods of summer and
fal low-water in the ppi River, and ascertaining the probable quantity of
such discharge.

Second. The effect of the proposed reservoir upon the improvement of navigation
of the Miniodppi River at and below St. Paul.

9.869604064
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No attempt will be made to give the probable costof building and operating these

reservoirs nor to reconcile the variousconflicting interests which may arise from
their construction. It is the writer's belief, however, that these reservoir systems
carried out to their fullest extent can be made tosubserve both the. interests of naviga-
tion and of water power, besides acting as a potent restraint on floods. Under such
circumstances it might be to the advantage of water-power interests to come in and
relieve the Government of an equitable part of the cost. It is believed thata very
great part of the flowage damages, which have been themost expensive feature of
reservoir construction, could be avoided by drawing down the water in the lakes
themselves, thereby taking more advant go of their naturalcapacity than has here-
tofore been done,which resultcan inmost cases be attained by locating the aprons
of the dame at a much lower elevation and then dredging proper channels to the gates
and sluices of the dam both above and below. The reservoir capacity could also be
further increased by dredging in the basins, which could be very cheaply donewith
asuction dredge, andpossibly a berm or levee could, be built at the same time around
the lakes, and adjacent landis could be 'raised, with manifestly excellent results.

Prior to the surveys mnude by Major Allen, in 1879, 1880, and 1881, which have given
us thegreater part of our information inregard to reservoir sites, preliminary surveys
and examinations had been made by General Warren, in 1869, and Colonel Farquhar,
in 1874.
The main object of all these surveys was to ascertain the extent to which the im-

pounded water could be applied to the improvement of the navigation of eachstream
and ultimately to that of the main river. But the reservoirsKstemso far as built
by the Government is intended primarily for the benefit of t e navigation of the
Miwissippi River, and incidentallylo mitigate its floods.
The object of the reservoirs already constructed at the headwaters of the Mississippi

River is to collect the surplus water, principally from the precipitation of winter,,
spring, and early summer, to be systematically released soas tobenefit navigation
upon the Mimissippi:tiver belowthe reservoir dams. In 1905thedistrict officer say.:

"The expenditure has resulted in benefitduring the low-water season to the navi-
gable portions of the Mississippi Itiver from Cass Lake to Lake Pepin and below, and
incidentally to the mitigation of the floods in the river at St. PauL"
The examinations an(r surveys that have been made and the additional claims pre-

sented in this report, perhaps on somewhat insufficient grounds,. do not represent
the total pssibilities; in fact it is manifest that far greater storage facilities could be
shown tobe available
The district officer further says, in 1907:
"The original projectt (for the reservoirs at the headwaters of the MissiBsippi

River)calls for tie construction of 41 reservoirs. * * * The efficiency of the
reservoir stem could also be greatly increased at small expense by dredging the
channels above the dams and those connecting the various lakes that constitute the
reservoirs. The aprons of the dams are now several feet below the level to which
the water can be drawn down through the existing contracted channels."
The results as to precipitation, run-off discharge, and velocity of streams, etc.,

given in the following tables and pages of this report, were obtained by constant study
and effort during the past thirty years, and ark believed to be accurate. The results
only are given, without any at.tompf to explain the methods adopted.
Here follows a table showing the areas of the drainage basins or watersheds of the

various tributaries of the Mimsssippi River above the mouth of the Missouri, The
figures in this table were mostly taken from General Warren's report on bridging the
upper Mississippi River, but they, were revised by the writer many years ago.and some

importaxit changes were made.
R. Doe. 60, 61-1
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Drainage basins or watersheds of the upper Mississippi River Valley.

Designation.

Mlssissippi River above Junction with the Minnesota........................
Minwllsota, Rtiver........................................................

Vermilion Itiver........................................................
St. Croix River.............................................................
Cannon tliver ..............................................................

Trimbolle (05), Isabello (73), and Rush (183) rivers......................
Chippewa Iver .........................................................
Zumbro iver.........................................................
Beef (462)and Whitowntor(382)rivers, and Elnglo(108) and Itollingstono (130)
creeks....................................................................
prem aleaniu Iver....

Black (280) and La Crosse (403) rivers......................................
Root River...............................................................
Bad Axe River (180) and two creeks (209)..................................
Upper Iowa River.........................................................
Yellow River (270) and several creeks (382)...............................
Wisconsin Kiver ................................................... .
Turkey Rtiver.....................................................
Oalena River (185), Grant River (289), Platte iver (3(N), and several creeks
(367).i....................................................................

MaquoketaRiver.............
ADplepeRiver (246),
Wapsllnlicon River.................. .

Rock Ivor............i......v
Ioa.le........... ............... ......................Iowa River......

Edwards River and creeks (638), Henderson River and oreeks (1227)........
Flint and two other creeks.................. I .

Skunk tiver
Des Moines River

Fox River (479) 13ear Creek (418) and Wyacoonda Creek (IS0) .........
Fablus (1690), Rorth and Soutli rivers (14 )................................
Salt Rtiver..................................................................
Cuivre Rtiver (1180) and seven creeks (482)...............
Illinois Rtiver.............................................
Plaba Creek and Wood River...............................................

Square
nliles.

21,600
12, 119

237
7, MS
1, 6190

301

9, 602
1, 001

1,128

7)00
3,313
1,0(80
389
939
052

11,850
1,689

1, 137
1,863

610
2,490
10,090
12,250
1, s5

3:34
4, 3212

14,95.6
1,377
3,080
2, 741
1,6 62

27,405
215

Total.................................................... 1,138

Square feet.

602,173,440,000
337,868, 329,

6, 607, 180, 800
210, 98, 731, 200
47,11 4,490,000
9, 78,, 318,400

267, 88,30, 800
44, 710, 953, 600

31,440,836,200
19,514,880,000
93,197,491,200
40,976, 104,
10,844,697,U000
20, 177,817,600
18,176,716,800

330, 369,040,000
44,298,777,600

31, 697,740,800
61, 937, 469, 200
17,005,824,000
69,417,210, 000

298,020,090,000
341,610,400,000
61, W3,210, 000
9, 311, 386, 00

120,490,444,800
410,921,472,000
38, 388, 656,800
80,032,742,400
76,414,694,400
46, 333,900, 800

765, (;80, 250, 000
6,830,208,000

4,576,904,819,200

The following tablo gives the areas of watershed; the mean annual run-off, which
is usually taken as one-fourth of the rainfall the known stormae capacity of the reser-
voirs already constructed and in operation (tie first five on t1. Iist), and the estimated
capacity of several sites, some of which have been survu, ¼: and others suggested;
all of which are tributary to the upper Mississippi above the Falls of St. Anthony,
excepting Big Stone lake and Lake Traverse, which are in the Minnesota Bain.
The discharges in second-feet for ninety days are also given.

Reservoir sites at headwaters of the Miuisiippi and Minnesota river.

Discharge
Location. Drainage "ft. Reservoir Run-off for ninetycapacity. days.

Squarefed. C blofed. Cubkcfeetd., Scxond-fed.
Lake Winnibigoshsh .......... ...... 36,32,55,20 43,992,000,000 16,700,75, 392 2, 149
Leech Lake ......................... 26,703,204,000 33,094,300,00 12,311,101,440 1,683
Pokegana alls...................... 17,424,000, ,200,000,0 8,01,040,000 676
Sandy ko..........k....... ........ 11,402,260,6000' 3,167,90O,000 -65,245,,042,176 . 406
Pine tRiver........................... 16,082,214,400. 7,732,90O I0, 937,818,624' 892
Venmillon River ................ 12,074,34,8()06,770,828,800 8,449,042,760, 742
Mud Lake.4, 40, 644,000 2,885,414,400 3,122,380,800.- 371
(ull lake 7, 582, 924, 800 12,000000 0400m 11,898,128, 600 1,630
MilleLae.12,405,888,000 9,000,000,000 8,684,121,600 1,116
Crow Wing River.94,228,992,000 6,763,000,000 91,392,822,876 868
Long PrairieRiver. (1,412,032,o00 3,300,000,000 3,186,977,41 410

Total for Mississippi River. 244,162,026,80 132,940,343,200 17,92,131,629 10,742
Big Stone Lake and Lake Traverse .. 81,293,414,400 33,000,000,000 3a,000,000,000 4,243

Grand total.... ..: 325,4565,441,200 166,946,343,200 208,952,131,629 14,N5

114
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The combined estimated discharge of all these reservoirs, built and proposed,

could doubtless be brought tip to the 14,986 cubic feet per second for ninety d aye
as given in the table, It will be noted the entire watershed of the two main
streams is 940,(031,769,600 square feet, while that of the selected reservoir sites amounts
to but 325,465,441,200 square feet, about 36 per cent,' and, further, that of the total
calculated run-off of 208,952 131,629 cubic feet, only 165,946,343,200 cubic feot, or
about 80 per cent, is available for the purposes mentioned in this report. From the
well-known character of the country at the headwaters of these two streams, it is
believed that a much greater area of storage ground could be made available than
the table indicates.
The following table gives information similar to the former one, but none of the

reservoirs have been built. The information was chliefly obtained from surveys
made in 1879 1880 and 1881, and it is believed that further examination would
disclosee additional favorable sites for re'se0rvoirs. In fact, it is noted that while the
entire watershed of the St. Croix is 210,983,731,200 square feet, that of the selected
reservoir sites only amounts to 109 952 409,600 square feet, or about 52 per cent, and
that the run-off is more than double the capacity of the reservoirs,

Reservoir sites at headwaters of the St. Croiz River.

Dls('harge
Location. Drainage area. Reservoir Run-off. for iiinetyCapacity. days.

Squareifete Cubieleet,: Cubicefeet Second-feet.
MudLake.700,060,000 390,377,4~~~~~~~~j20j, 3069,200 51MmlXLjake ...................... . ..7,6b6, 0 0390,377 420'X3 ,15f3j0 651

RiCOLake. 3,749,044,8)0 2, 474,944WOO60 2,624,761,3600 318
Yellow River.4,440,604,$00 3, 402,712,00 3, 112,3 23 3()0 437
Veazios.. 12,14,982,400 1 370,393 860 8,608,4870680 177
Mouth of rotogtio (l) ............... 6,910,220,800 3,082,033,820 4,137,164 60'0 396
Up)per Totogatic.1,98, 722,400 1,388,006,080, 1,308,605,680 178
(0IinoreLake. 7,12I6 149,600 2,881,095,000 6,056,304,720 370
Mouth of Trotogatio (2).1,44,826,00O 1,641 010 00 1,131,377,920 145
Eau Claire lakes............ 1,970,300,400 01,0 ,386,65,480 124
Upper S(. Croix .0,10,309,0 4,698,2 9,800 4,273)76R 720 604
Cla Lake.. 7, 903,620,400 4, 70,780,60 6, 32, 48, 480 602
Lower St. Croix.28,714, 7t2, 000 2,709,600,000 20,100,320,400 349
(round1loe.. 3,233,8941,400 1,046,440,000 2,263,726,080 134
Chengwatana........., .. 24,142,094,400 3,703,238,000 16,89,88O,080 476

Total for the St. Croix llver... 109,962,409,(00 34,334,458,870 70,946,680,720 4,361

There follows similar information in regard to the Cannon River, which has a drain-
age area of 1,690 square miles and a mean annual discharge of 31,350,000,000 cubic
feet, about 1,000 cubic feot per second during the entire year. Thiis stream enters the
Mississippi 4 miles above Redwing.

Reservoir sites at headwaters of the Cannon River.

Reservoir DisehargeLocation. Drainage area. capeacityo Rln-off. for ninety
days.

Square fJet. Cubicfeel. Cublc feet. ' Second-fed.
AboveNorthfeld .................... 7,902,210,000 6 000,on()ooo6,on o,oo,6ooo 3
Horseshoe and Mud( lakes.3,946,130,000 2,O00,000,000 2,600,0(0,000 322

Total for Cannon River.11,848,310,000 7,600,000,000 7,6i000,000 965

All of the figures in the case of the Cannon River are estimated and are not the
result of accurate surveys.
The next table covers the reservoir sites of the Chippewa River as obtained from

the surveys of 1879-1881 of which river the total watershed is 267,688,390,800 square
feet, and that of the selected reservoir sites, 153,689,100,800 square feet, or about
58 per cent. The run-off is about 5j times the capacity of the reservoirs, indicating
that their capacity could probably be trebled without difficulty.

9.869604064

Table: Reservoir sites at headwaters of the St. Croix River
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Reservoir sites at headwaters of the Chippewa River.

Reservoir DischargeLocation. Drainage area. Capacity. Rdayof.for nlty

Square feet. Cubio feet. Cubi lfeet Second-feet.
BearLake. ,810,208, h00 1,113,148,850' 6,077,051,010 143
Little Chief Lake1,605,705,840 771,332,009 1,337,027)036 99
Moose Lake ......................... 6,974,341,1 ZQ 2,021,783,402 4,970,620,153 260
Pakwawan g Lake.................... 7,170,324,480 6, 193 032, 698 6,972,880,292 790
Courts Oroilies Lake .. . 3,178,137,00 1,980,330,000 2,047,388,021 256
Paint Crreek.................... 109, 927,310,804 0 605,330,720 91,669, 460, 700 65
Buttoenut Lake...................... 1,116,130,000 686,446,400 928,908,288 76
Rest Lake...............69......00,120,800 1,840,000,000 4,890,100,204 237
BearCreek................... 4,307,212,800 5,40,607, 162 3,107,280,000 695
Round Lake........................ 1,70,330,200 1,303,030,410 1,382,304,000 - 168
Squaw Lake ........................ 1,087,267,600 731,808,000 864,230,400 94
Park Lake ........................... 4,850,847, 00 620,782,720 4, 020,198, 428 80

Total for the ('lipt)p)osva River..I 163,689, 100,800 23,079,210,273 127,387,953,051 2,968

RESERVOIRS ATr HEADWATERS OF THE ZUMIBRO RIVER.

- This stream has not been accurately surveyed; but the following information has
been gleaned from county inaps and from reconnoissances:
The drainage area is 1,604 square miles, or 44,716,953,600 sq uare feet, which affords

an annual rutn-off of 37,264,1.28,000 cubic feet, or 1,184 cubic feet per second, Reser-
voirs of about the capacity of those on the Cannon River will add about 1,000 second-
feet for ninety days to the Mississippi River, into which it enters by two mouths, one
2 miles and the other 6 miles below the mouth of the Chippewa.

RESERVOIRS AT HEADWATERS OF THE BLACK RIVER.

This stream, like the Zurnbro, has not been accurately surveyed.
The drainage area is 2,880 square miles, or 81,389 792,000 square feet, which affords

an annual run-off of 67,824,826,666 cubic feet, or 2,15o cubic feet per second,
Reservoirs of a capacity sufficient to afford 1,500 secoind-feet for ninety days can

readily be built on suitable sites.

RESERVOIRS AT HEADWATERS OF THE ROOT RIVER.

This stream which enters the Mississippi about 5 miles below the Black, has not
been accUratef surveyed. Its draimuage area is 1,085 square miles, or 10,975,104,000
square feet, which afdords an annual run-off of 39,145,920,000 cubic feet, or 1,240
cubic feet per second.

Reservoirs of a capacity sufficient to afford 1.000 cubic feet per second for ninety
days can be built on suitable sites.

RESERVOIRS AT HEADWATERS OF THE UPPER IOWA RIVER.

This stream enters the Mississippi about 9 miles below Genoa. Its drainage area
is 939 square miles, or 26,177,817,000 square feet, which affords an annual run-off of
about 21,815,000,000 cubic feet, or 692 cubic feet per second. A reservoir affording
500 cubic feet per second for ninety days can be built.
The Wisconsin River was surveyed in 1879-1880 and 1881, and reservoir sites were

carefully selected, The entire watershed of this stream is 11,850 square miles, or
330,359,040,000 square feet, and of the proposed reservoirs 39,322 483,000, or about
12 per cent, and the run-off 31,752,800,640 cubic feet, which is about 11 times the
capacity of the reservoirs. It is thou ght that the reservoir capacity and the ninety-day
discharge of 2,499 second-feet could be much increased.

9.869604064
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Reseriloirs at headwaters of the Wisconsin Rit-er.

117

ILocatiton., Drainalllge area. Reservoir _DoischargeRapeservo Run-off. for ninetyI~oeatlozi.I) nil ii age area. eal~aeity. days.

St, tirefeet. Cu b/c /eete OubIc feet. Second-fee.
Pelloan ., ........................... 8,1301. 398,400 6,1613,180,627 0,8,30,69,8008w03
Su Bar ('Ciaip........I 1, (172, 701,000 1, 350, 281, 1It0 1,336,840,000 174
Otter I"IpIs ........................ 12, I,1,041, 800 7,389,727,488 10, 027, (l28, 160 950
'jlomahlmnwl ........................... 2, 820,0617,800 2, 22d, 113, 03l 2,201,680, 480 283
8 uirrel Luke..........,tI,66l, 1t00,400 1,338,13,2) 1,239,427,200 16N
Rice Lakes........................... 1,039,X ,4'100 1,013,0361,880 9,130,17(1,0X 134
Vieux l)esurt ........................ 620, (M, 0;00 400,000,0(M 300,091,000 62
Twin Lakes.......................... 83l, 362, 000 (160, (0(, (5)0 l 21,1.(1,000 84

Total for W iseonsin River ...... 39, 322, 183,400 19,66, 986, 201 31,762,800, (10 2, 499

ItFERV0toIR AT IIHEADWAT'ER8SOF TH1 TrURIKEY RIVER.

No ace-urato surveys of this strelal have been madeo. Information obtained from
COUnTy and post-oflice mI)aps show a drainage area of 1,5895 squlare miles, or 44',298,777,600
square feet, which indicate a run-off of 30,900,000,00() cubic feet, or about. 1,170
secol(l-feet p)r annum, A reservoir affording a ninety-day discharge of 1,000 second-
feet Can be built on this river, which enll)ties ilnto the Afi.ssissippi opposite Cassville,
Wis.

RESERVOIR AT HEADWATERS OF1 TI E MAQUOKETA RIVER.

This stream enters tho Mistsissip)pi about 8 miles below Bellevue, Iowa. It has a
watershed of 1,8(63 square miles, or 61,937,459,200 square feet, with a run-off of
43,281,216,000 cubic feet, or 1,372 second-foet per annum. Reservoirs of a capacity of
1,000 second-feet for ninety days can be built on this stream.

RESERVOIRS AT HEADWATERS Oj,' THE WAPSIPINICON RIVER.

This stream comes into the Mississippi 4 miles above Cordova. It has a drainage
area of 2,490 square miles, or 69,4117,216,000 tiquare feet, which affords a ruin-off of
57,847,680,000 culbic feet, or 1,834 second-feet per annutim, Reservoirs of a discharge
capacity of 1,600 second-feet for ninety days can be built on this river.
A survey of the Rock River was lmlade iri 1881 and reservoir sites selected, as shown

in the following table. Thiostream, which enters th Alississilpi just below the city
of Rock Island, has a drainage area of 10,690 square miles, or 298,020,090;,000 square
feet, while the Watersheds of the lproposed reservoirs embrace 102,487,830 400 square
feet, or about. 35 p)er cent. Trl capal)acity of the reservoirs, which will discharge 6,221
second-feet for ninety days, is about four-fifths of the run-off.

Re8ervoirs at headwaters of the Rock River.

Reservoir Du-f.]ischarg~eLocation. D)ralnago area. capacity dayunsff.forninety

Squa'irefeet. Cublifeet, Cublcfeet, Second-/ect.
Lake JHorleon........................ 13,688,294000 8,000,000,000 8,000,000,000 1,027
Beaver Dam Lake ............................ .....0 ............................ ......60
Lake Koshkonong ................. 70,811,130,000 30,000,000,000 40,000,000, 000 3,858
Lake Mendota...1,727, 040, 000 10,000, 000, 000 10,3,000, 000 1,286

Total for Rock River........... 102,487,830,000 48,000,00,000 58,000,000,000 6,221

RESERVOIRS AT HEADWATERS OF THE IOWA RIVER.

This is one of the larIe tributaries, although not considered a navigable stream.
It enters the Mississippi nearly opposite Now Boston, and has a drainage area of
12,250 square mniles, or 341,510,000,000 square feet, affording an annual run-off of
284,691,666,667 cubic feet, or about 9,024 cubic feet per second. While no accurate
surveys of this streaIn are available, enough is known of its headwaters to warrant
the statement that reservoirs can be built and operated without difficulty, capable
of contributing 7,000 second-feet for ninety days.

9.869604064

Table: Reservoirs at headwaters of the Wisconsin River
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t$ESERVOIRS AT HEADWATFERS OF THE SKUNK RIVER.

The Skunk River enters the AMississippi ab6ut 8 miles below Burlington, and has
a watershed of 4,332 square miles, or 120,490 444,800 -psuare feet., indicating an annual
run-off of 100,408,704,000 cub)ic feet, or 3,184 cubic foet per second, riTihis strOam
will afford, it is believed, sites for reservoirs cal)able of discharging 2,500 secoud-feet
for ninety days.

RESERVOIRS AT HEADWATERS OF THE DES MOINES IVER.

Next to. the Illinois, this is the largest tributary of the uppor Mississippi, which
enters the main stream about .3 miles below Keokuk; it has a drainage area'of 14,955
square miles, or 416,921,472,000 square feet, tiffording ann annlilual run-off of 347,43'1,-
560,000 cubic feet, or 11,017 second-foot. Notlhing very definite is known of the
reserVoir conditions on this stream, but it is believed a niniety-day discharge of
7,600 seconld-feet can be secured.

RESERVOIRS AT HEADWATERS OF FABIUS, NORTH, AND SOUTH RIVERS,

These streams coming into the Mifssissippi, near together, a few miles below Quincy,
have a combined drainage area of 3,086 square niliiis, or 86,032,742,400 square feet,
which indicates an annual run-off of 7t1,693,952,000 Cubic feet, or 2,273 second-feet.
Small reservoirs Oil each of these streams will furnish combined about 1,600 second.
feet for ninety days.

RESERVOIRS AT JIS&DWATERS OF SALT RIVER.

This tributary enters the Mississippi Just above Louisianua, Mlo.; it has a drainage
area of 2,741 square miles, or 76,414,00'4,400 square feet, indicating an annual run-off
of 636,678,912,000 cubic feet, or about 2,019 second-feet. A reservoir on this river
should contribute 1,500 second-foot for ninety (lays.

THE ILLINOIS RIVER.
I

This is the largest.tributary of the up er Mississippi River; it has a drainage area
of 27,b45 square miles, or 765,s08,256,000 square feet, which affords a run-off of
638,066,880,000 cubic feet, or about 20,233 secondl-feet per annumn.
This stream does not, apparently, offer anv suitable reservoir sites, but the Chicago

drainage canal furnishes from Lake Mlichigan about 10,000 second-feet, which it is
understood will be increased to 14,000.

Summnary of reservoir incremrients, upper Afuiss-ippi River.

Ninety-day discharge.
miles Ttlwtrfrom St. Names of tributaries. Totalwatir-Paul. Sl' For each Comnihned.stream.

UpperMississippi and Minnesota - - Square niles. Second-eet, Second-f ct.IJper ssissippl and Mlnnosota ..................,,,33,719 14,15 14,9&5
30 St.Cro--.7,6(8 4,361 19,346
*46 Cannon 1,690 z5.
77 Chhlppwa 49,602 2,O8 23,279
84 'mwn1)ro.....1,64 1, 6000 .
144 iltck...-........... 2,880 1,500.
149 Root ..............5 1,(XS1,.I.x).
172 Upper Iowa.............. 939 E,0.
212 Wisconsin .-..........1.........................1 1, &)0 2,499 29,778
236 Turkoy 1,689 1,000
296 Maqitoketa ..1,863 1,000........
338 Walslpinicon .........-.................... 2,49W 1,600.
36 0 Roe.......... . ...... 10, (90 6,221 ......
410 Iowa- 12,250 7,000 40,499
460 Skink.-, 4,322 2,50 .......
487 Dles Moines. 14, )55 7,50 .......
525 Fablus, Northan..o..th- 3,08B 1,500 57,699
66 Stalt.- ........ 2,741 l , 5.......1..

685 Illinois --......... 27,465 10,000 69,499
Total -69..........................., 69,499 ........

,*. ~ *, *1 * *, *

C. W. DURHAM1
Principal A8sstafnt U. S. Engineer.

(MAY-JUNE, 1908.)

9.869604064

Table: Summary of reservoir increments, upper Mississippi River
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APPENDIX 9.

REPORT ON EXPERIMENTAL 14-FOOT DREDGING oARRmRn) ON IN MiSSISSrPPI RIVER
BELOW THE MOUTH OF TIlE OHIO RIVER, BY THE MISSISSIPPI RIVER COMMISSION
DURING 1908, AND ESTIMATE OF COST OF OBTAINING AND MAINTAINING A NAVIGABLE
CHANNEL 14 FEET DEEP, BY DREDGING ALONE IN THAT 8TRIETCH OF THE RIVER.

(By Capt. 0. R. Lukesb, Corps of Engineers, recorder of the Board.]

COLONEL: I have the honor to submit the followih report on experimental 14-foot
dredging carried on in the Missitssippi River below the mouth of the Ohio River by
the Mississippi River Commission during the year 1908, followed by an estimate of the
cost of obtaining and maintaining continuously in that stretch of river by dredging, a
14-foot channel of suitable width.
Dredging of an experimental nature to a depth of 14 feet and width of channel of

250 feet was carried on during 1907 at three localities, Corona (204)", Island 35 (193),
and Linda (82). Prior to the low-water season of 1908, it was found to be the intention
of the Miisfsippi River Commission to continue the experiments during that season
but to a. width of 600 feet, the localities, where the work should be (lone to be selected
by the board on examination and survey. At its meeting of June 26, 1908, the board
left the selection of localities to the soenor member,-but recommended that the same
localities as had been selected for the previous year be conlsidered.
As in the previous year, the desirability of selecting bars of diverse character with

a view to obtaining variety of experience was borne in mind. Two of the points
ultimately selected were crossing where 14-foot dredging was (lone last year-Corona,
a crossing furnishing especial difficulties to dredging, and Li.inda, offering comipara-
tively very few; for the third locality a crossing of intermediate character was ought,
and Pecan Point (196) wal selected instead of fslan(l 35, a scene of last season's 14-oot
dredging, but which had been abandoned by the river in the interval between the two
seasons.
The experimental 14-foot dredging operations, as well as those of the regular 9-foot

dredging carried on during both these years by the Mississippi River Conmission, were
under my charge, and my conclusions al to the feasibility of dredging a 14-foot channel
below Cairo throughout all stages of river and the cost of the necessary plant and
labor are largely based upon studies and observations made by me in that capacity.
Only one (redge of the Mississippi River Commission, the Beta, whose suction pipe

was specially lengthened for the purpose, is sufficiently well prepared to cope with the
depths that 14-foot dredging involves. The depths below water surface to which the
dredges can dig are:

Feet. Feet.
Beta... 26 Iota....... 20
Ganma. 20 Kappa.............................. 20
Delta..... . ... 20 Flad............................... 20
Epsilon.18 larrod.20
Zeta.18
The beginning of the season found the Beta out of commiiission. It had been found

necessary after the season of 1007 to install new pump runners, *1and they wcre ordered
at an early date, but the contractor; was several months overdue on delivery. The
dredges Hlarrod and Iota, which had been loaned for work under the first and second
distriets,returned lateinJuly, and theG~ammtareturned August30from work in Arkansas
River under United States engineer office, Little Rock, all in more or less need of
repair. The Kappa was sent to Keokuk for dry docking in Jutly, returning in August'
the use of the dry (lock could not be obtained at an earlier date. The Flad was out oi
commission the entire season through noureceipt.of materials for rebuilding.
The beginning of the season accordingly found the dredging plant not prepared to

undertake the experimental dredging under the best auspices. But with the excep-
tion of the Flad, all the dredges were available the greater part of the season, and
sufficient dredging was done to make the work of value to the board.
The water stages. during the low season of 1907 were somewhat above the average

and the results of the experimental dredging in that year lack the conclusiveness of
those of this past season, when very low water of considerable duration prevailed.
Tables are appended showing mn considerable detail the dredging o operationss at

the three selected localities, and to amplify the tables there are given below histories
of conditions and operations at these points, with maps also appended.

a Number in parentheses indicates distance in miles of locality below Cairo accord.
ing to the Mississippi River Commission official table of distances.

9.869604064

Table: [No Caption]


460406968.9



120 WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

Corona Crossing (*04 miles below Cairo).-During the years 1905, 1906, and 1907
the tendency of tYe channel in this crossing was to cross the river at an angle of about
45 degrees fom Massey's field on the left bank to a point a little below Corona Land-
iug on the right bank,
The season's first survey, that of July 30, 1908, showed a radical change. The

channel no longer soulht the right batik at so great an angle, but had shifted to the
middle of the river, following the shape of tho loft-hand bar, and reaching the lower
pool at a point only just above the H1arppy Valley light, about 3 miles beTow Corona
Landing. The ha r above Corona Landing had extoirdeci down, but had left a well-
defined, narrow, decp pool between it and the right bank. This survey showed
that there was a channel 500 feet wide, with a least depth of 19 feet. The river
was then falling at a uniform rateof about 0.3 foot per day.
The channel had a total length of about 21 miles, with a deflection of about 35 degrees

in the middle, both sections being almost straight. 1howover, at a point about 1,600
feet below the turn there were some small lumps otl the left bank side, on which there
was but 16 feet, and it was thought well to remove thein without attempting to improve
the main channel. The dredge Epsilon did the work on August 7 and 8 in four hours'
actual work dredging.
With the fall of0the river the current showed a disposition to spread out and direct

its main force more or less to a poinft on the right bank, about 11 miles below Corona
Landing, just below Hlarrison's store. The bank began to cave at this point and
below, tle caving increasing in intensity as the water fell, The natural result was
that the channel above described began to fill at its lower cnd, and the dredge IHarrod
which had arrived to take the place of the Epsilon, was laced in position at a point
about 3,000 feet below where the Bpqslon had operated, to remove this shoaling.
The work of the dredge was not effective, as the current constantly extended the
upper bar downstream and filled up the dredged channel faster than the dredge could
remove the material. The shoulder of the left shore bar was also constantly encroach-
in on the channel at or near this point.
The Hlarrod was then dropped to a point below the downstream end of the upper

bar in an attempt to stay its further progress downstream by making a deep and
effective cut across it. A number of minor breakdowns allowed a period of actual
dredging here of but ninety hours out of a total of three hundred and eighty-four
hours-September 11 to 26-and a channel of only 8 feet d(lelth could be maintained,
During this period the river broke through the upper bar very close to the channel
of 1965, 1906, and 1907, and the Harrod was placed at this l)oint September 27 to
keep it open and reduce its fiery sharp curvature at the lower endd;

It was, however, apparent by this time that the final low water channel would have
its lower end just below flarrison's store landing. The HIarrod could not be placed
there, however, as there was:not yet enough water over the middle bar to allow her
to mount the reef to place the head piles. On October 26 she did get into position
1500 feet below H1arrison's Store landing tand on November 3 had secured a 14-foot
channel, 600 feet wide through the middflo bar.
The Beta replaced the IHarrod on November 16 and improved the 14-foot channel

to a width of 650 feet and over a wvidth of 250 feet secured an actual depth of 17.5
feet. This channel persisted during" the remainder of the year, and even improved,
without further dredging, the river rising gradually about 4 feet with a subsequent
fall of about 3 feet.
The results of the season's work at Corona are by no means as discouraging as they

may at first sight appear. This crossing presented probably as adverse conditions
m any that may be met anywhere in 14-foot dredging-below Cairo- the season's 9-foot
dredging developed few other localities of a character approaching in difficulty that
of Corona. The results emphasize the necessity of early and frequent surveys at
crossing in order that the natural channel making tendencies of the river may be
learned in good season before actual dredging is needed. They emphasize, too, the
importance of having plant available for immediate action when navigation is threat-
ened. But the principal point which a crossing of'this exceptional character brings
out is that a local system of channel regulation-revetments and contraction works-
by preventing shifting of the channel, offers a valuable auxiliary to dredging, and
is even necessary at crossings of the Corona type to guarantee an uninterrupted
channel of the required dimensions without undesirably acute changes of direction.

Pca', Point (196 miles below Cairo).-During the low water season of 1907 the
principle channel left the upper Fool some distance above Pecan Point, crossed to
Ilan, 3b and returned again to tIlc right bank, a minor channel following the right
bank. TL'is year conditions were reversed, the principal channel following along
the right blank.





CORONA CROSSING 204 MILES BELOW CAIRO
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During 1907 the shoal between the major and minor channels was well defined and
lay about 1 mile above Pecan Point Landing. By the low water season of 1908 it
had Inmade down almost to that point. Later another bar formed between it and the
right bank, dividing the right bank channel into two, the better one nearest the
right shore.
During 1907 dredging was required on the crossing from the right bank to Island

36, and here 14-foot experimental work was carried on. This year the channel over
that crossing gave way to the better one along the right bank and the experimental
dred Ing took place there across a shoal rather than on a "crossing." The work
required was essentially connecting two right bank pools by a cut through a bar,
This was done with the dredge Zeta during the three periods--October 3-9, October
16-24, and November 24-27,
During the first period the mere placing of the dredge was sufficient to deflect the

current toward the right bank and close the narrow gut above but leaving anl available
channel of at least 9.6 feet, 260 feet wide.
The second period of dredging produced a 14-foot channel nearly 600 feet wide, but

as the force of the current was still too widely ocattorc(l over the area the channel
narrowed to 376 feet and the dredge was again placed in position.
At the end of this last period a 600 foot wide channel of 14-foot least depth was

obtained and this channel constantly improved of itself during the rest of the season
without further work on it, the river rising in the meantime about 4 feet by December
16 and then falling again about 3 feet by the end of the year.
The conditions at Pecan Point represent about the average conditions met in

dredging below Cairo. The results at that point hliow that a channel of the desired
dimensions may be preserved throughout the season across such bars with a reasonable
amount of dredging; but they show also, the necessity of early dredging, with its
necessaryy prior study of channel tendencies, and show, too, that even after a channel
of the required dimensions has been obtained the services of a dredge must be available
for work from time to time to counteract narrowing or shoaling through deposit of silt
or lowering of the water surface,
Linda Crossing (8f miles below Cairo).-The prominent characteristic' of this crossing

during the low-water season of 1908 was the tendency of the current to spread itself
over a wide area. Notwithstanding the excessive width of channel at this p)oinit the
dredging here was a simple and casy proposition, the channel showing little tendency
to change its position. Deterioration showed principally in narrowing and shoaling
and the channel submitted readily to improvement by dredging.
On October 17, 1908, the upper pool, with 14 feet least depth, extended to a point

3 000 feet below Daniels's lower light on the left bank; between this upper pool and
the lower pool, also of 14 feet least depth, there was a shoal of 2,400 feet length with a
least, depth of 9 feet. The 10-foot contours of the upper and lower pools overlapped
slightly, but did not join, the shoal place in the channel being only about 100 feet in
length.
During the early part of the season this crossing was included in only the project

for a 9-foot channel, 260 feet wide, and a channel of those dimensions was successfully
maintained. Linda was then selected' as the third point for 14-foot (Iredging, and on
October 28 dredging to obtain and maintain the channel of 14 feet least, depth and
600 feet width was commenced by tile dredge Delta'and completed on November 1,
at which time there was a 14-foot channel of 1,100 feet least width ndl a: 14.5-foot
channel of a least width of 600 feet, after but seventy-nine hours' actual dredging.
At the end of this period the river was rising and the dredge was temrvorarily with-

drawn, During this rise the dredge channel became partially filled, reducing the 14-
foot channel to a width of 200 feet, From November 15 to November 23:the (I (Idre
Delta again operated and restored the channel to the required width and dlep)th. So
to December 31 this channel was in good shape, but-had shifted slightly toward the left
bank, but needed no further work upon It.
The operations at Linda serve to show the slight amount of initial dredging and sub-

sequent attention required at crossings where the natural channel remains in prac-
tically one position; the conditions at Linda and Corona are quite the opposite in this
respect. The small amount of dredging needed to secure and retain the required
channel at the former point confirms the conclusion drawn from conditions at Corona-
that fixation of the channel would lessen the amount of dredging required during a
season, and that artificial means} like contraction and training works, should be
resorted -to where the natural conditions do not limit the movement of the channel.

It should be added that during 1907 simultaneous gauge readings were taken in the
upper and lower pools at Corona. What effect the increased cuts through the bar
produced on the pool levels were quite inappreciable, warranting little fear that
a 14-foot channel would uncover to any extent new bars in the river or decrease the
depth on others. I
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CONOLUSIONS.
From a study of the results of 14-foot dredging during 1907, with its moderate stages

and during 1908, with its extreme low stages and a study of the 9-foot dredging of the
past three seasons during personal observation, and of the records of earlier years, I
draw the following conclusions:

1. Given a corresponding increase in dredging plant, the maintenance of a 14-foot
channel, 500 foot wide from Cairo to Red River (the stretch where dredging is required),
is quite as as that of the 9-foot channel, 250 feet wide, which has been main.
tained for several years, the difficulties encountered in the former case differing from
those inl the latter in degree only, and not in kind, and are due to the greater depth
and width of channel to be dug, and the greater number of crossings and baxs that will
reqtiro attention,

2.At certain unfavorable localities, where natural widths give the dredge especially
deep and long cuts to make and shifting currents diminish the effective work of the
dredge through obliteration of dredged cuts, contraction and training works should
be made auxiliaries to dredging.

3. A channel of required dimensions once obtained will not necessarily maintain
itself even if the stage of river goes no lower. This fact requires that a dredge must
always be within convenient reach, all through the season, of every bar or crossing
where dredging has been done or may yet be-required.

4. Continuous inspection of the entire river should begin as soon as the low-water
season approaches, to develop crossings and bars where navigation might later be
obstructed or threatened. And quite as necessary a part of the dredging operations
are early and frequent surveys of such suspected localities in order that the local
conditions and tendencies at such points'may be studied from comparative maps&--
And these surveys should continue throughout the season.

5. There will always, even with ample plant, be occasions when a channel of the'
required dimensions may fail tomporarily, through one or more of various causes--
unforeseen river conditions, breakdow of plant, errors of judgment in selecting 2loca-
tions for dredge cuts, etc. But these can be guarded against to such extent that they
will cause comparatively slight interruption to traffic, With ample plant of large
capacity for the first line and for reserves, with dredge rendezvous sufficient in number
and properly located, and with suitable facilities for repairs on the dredges and at the
depots, no serious total interruption will occur,

hat a depth of 14 feet may occasionally occur over less than 500 feet at crossings it is
reasonable to suppose; in fact experience this year has shown such to be the case; but
in such cases, proper buoying of the channel will limit interference with navigation
to breaking up tows for the passage of the narrow channels-an interference of less
importance than that encountered in locking tows through the locks of a canal.

ESTIMATE OF COST.

The cost of a 14-foot channel of suitable width from Cairo to the Gulf, throughout
all stages of the river, would be composed of the initial cost of the dredging units and
auxiliary plant, and the annual cost of their operation and maintenance, including
administration. The; number of dredge units required ,depends upon the capacity
and type of the unit selected the probable number, character, and distribution of
the bars to be dredged, the length of river to, be covered, the adopted width of
channel, and the length of the dredging season. The amount and character of the
auxiliary plant is governed partly by the number of dredge units, and partly by the
dredging organization adopted, and this latter in turn depends principally upon the
length of river to be covered.
Capaity and type of &edgee.-In 1895 the Mississippi River Commission began. in

an experimental way to secure and maintain below Cairo a navigable channel by means
of hydraulic dredging, working for a channel 9 feet deep and 250 feet wide. Since
that date the plant of the commission has been steadily increased in amount and
efficiency. The feasibility of maintaining a channel of the desired dimensions wa
early established, and in that regard the project ha lost its experimental nature.
But the plant used has continue in: a state of development and it is reasonable to
expect that further improvement in the plant will be made. Whether or not such
occurs, and if it does, by the adoption of a larger and more powerful dredge unit than
the latest Missippi River Commission dredge, the B. M. HIarrod, or by gain in
efficiency in a dredge of that or smaller capacity, it is on the Ilarrod, the most im-
proved of all the Mississippi River dredges, that an estimate of the number of units
that will be required for a 14-foot project cali at this time best be based. Should
later improvements be made they will operate to reduce the cost of the plant or opera
tion, or both, and an estimate based on the 1arrod will cover the cost in either case.





PECAN POINT CROSSING 195 MILES BELOW CAIRO




LINDA CROSSING 82 MILES BELOW CAIRO






WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. - 123

length of river to be covered by dredging operations.-(River distances given are from
the official table of the Mississippi River Commission, and are mid-stream, not chan-
nIel distances.) During the low-water seasons of 1907 and 1908 a record was kept of
all bars and crossings where channel depths of less than 14 feet developed. D)uifgla
1907: such bars were found at irregular intervals from Point Pleasant (80 miles below
Cairo) to Torras, just below the mouth of Ol (Rled) liver (705 miles below Cairo).
During 1908 such bars were found lying between MAedleys (mile 29) and Torras. No
9-foot dredging operations have ever been required above Medleys and few, if any,
14-foot bars may be expected to develop in that stretch. Below Torras ample depths
for navigation always exist, even at lowest stages. Thiq gives a length of river to be
operated over-Cairo to Torras-of about 790 miles, channel distance.
This length of river affects both the number of dre(lges required and the organiza-

tion. The former feature will be discussed later, As to organization, it has been
the experience of the Milssissippii River Commission that when dredging was required
only between Cairo and Memphis, some 230 miles, a single superintendent could,
traveling during daylight hours only, cover the stretch sufficiently often to enable
him prop)erly to supervise the work of the individual dredges and correlate the work
of alf under his charge. When, however, as in 1908, dredging operations extended
over a greater stretch, the operation of a single system was unsatisfactory and for a
14-foot project, with its greater plant and more numerous bars, the need of additional
supervision will be greater. A river length of about 250 miles is believed to con-
stitulte a proper district, which would give three for the entire stretch below Cairo.
The entire stretch should be under a single superintendents for general supervision

of dredging operation and for proper regulation of the distribution of plant between
districts. Each district should be under an assistant superintendent of dredging.
One district1should be provided with a depot completely equipped with shops and
plant, including marine ways or dry dock, suitable for all large repairs, alterations,
and renewals required for the entire dredge and auxiliary fleet, with coal-storage
plant, warehouses, and general headquarters. Each of the other districts should have
a subdepot with shops and equipment for ordinary repairs, etc., that can not be made
aboard the dredges themselves; also a coal-storage plant. A depot in each district
is necessary also to provide rendezvous for dredges within easy reach of all points in
the dredging territory, economy and case of administration and repair requiring that
dredges when not needed in the field be assembled at headquarters and be out of
commlllissio~n as long as river conditions l)erlmlit.
This organization calls for the following plant and equipment, and it is accordingly

included in the estimate: One inspection boat for superintendent of dredging, one
general supply boat, three inspection boats (one for each district), three towboats for
moving fuel barges and disabled craft, one main depot, two subdepots.
The remainder of the auxiliary plant-survey boats and fuel barges-is dependent

in amount on the number of dredges.
Probable number, distribution, sand character of bare to be dredged.-During 1908 the

river stages during the low-water season were very favorable for ascertaining the
number of crossings where dredging operations would be required to maintain a 14-
foot channel. The lowest stage reached at Cairo was +4.31 feet, four-tenths foot below
the average of the lowest waters since 1871. At Memphis the lowest was +3.50, as
compared with +1.90, the average of lowest stages since 1871. Thoe oscillations in
stage during the season were considerable, and as many bars were developed as may
reasonably e expected during any one year. The appended table shows the location
of the bars having at some time or other, during 1907 and 1.908, least channel depths
of less than 14 feet. The total number in 1908 (88) may be taken as a reasonable
maximum to be allowed for in an estimate, but to provide for the very exceptional
occasions when more bars may develop in a season, a small reserve supply of dredges
should be allowed for.
The bars developed in 1908 extended, as stated, over about 790 miles, channel

distance, of river, and they showed the following depth of cut required for a 14-foot
channel:

Cut. Number Cut. NumberCut, ~~~~~ofbarsnu. of bars.

§ foot..3 4i feet .. 9
I foot...................................3 feet:.:.... 18
ij feet.............................. 0 6kfeet.. 9
2-feet .............................. 14 6fete. 11
21 feet.............................. 1 64feet.I 1
3-feet.. .............................. 3 7 feet .. 2
3 feet.8 7feet.. 1
4ft........4......................... 8feet. I

9.869604064
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It is well known that bare shift in location from season to season and that they
change in-importance as obstacles to navigation, a bar offering obstruction to naviga-
tion ofne season often improving through natural causes so as to offer none the following
season, sometimes during the same season, and the converse. But, while the location
of 14-foot bars in 1908 (lo not accordingly necessarily represent the exact scenes of
future dredging, yet the distribution for that year is a fair basis for an estimate of plant
leaving the actual distribution of the plant in any season to the river conditions then
obtaining.
The character of the material requiring removal for a 14-foot channel may be exf

pected to be the same as that heretofore encountered in 9-foot dredging-mainlly soft,
easily handled material such as mud and sand, with occasional clay, gravel, boulders,
and logs. Dredging at the greater depths will likely encounter a greater proportion
of more solidly bedded material through reaching deposits longer undisturbed. This
fact, and the difliclulty at times excperienced even in 9-foot dredging suggests a change
from the HIarrod type in part of the dredges of this project, by the substitution of a
mechanical agitator or cutter-hcad, for the water-jets to loosen and break up such
bar-forming material as successfllly resists the present water-jet agitation.

Suitable width of channel.--This estimate is based on a channel width of 500 feet.
A greater wi(lth, with 14-foot depth prevails naturally along more than 90 per cent
of the stretch of river between Cairo and Red River, and throughout the stretch below
the latter point, It is only at the "crossings" where the channel will need artificial
widening, and these points will probably averse in number not over 50, scattered
along some 800 miles of channel. Stch a channel, with the channel crossings properly
buoyed, and this should be made a part of the project, and with a proper system of
lights, should suffice for all craft that will use a 14-foot waterway. With proper buoy-
ing, a channel of even less width-as may occasionally occur for limited periods at
some of the crossings-should meet all reasonable (lenands.

Length of dredging season.-This clement is of importance in two respects. It affects
the cost of operation of the dredges and the number of reserve units. The dredging
season will extend over an average of five months a year, August to December, inclu-sive-occasionally the season may begin earlier, in July, and some years it may extend
into January. 1'xccptioxial stage declines in other months may call for a limited
amount of dredging at one or more localities-a minor item in the cost of operation.
While the average season will be from August to December, yet the periods of actual
dredging will be much smaller, varying from year to year and depending in length on
river conditions; however the dredges must remain in commission fully manned
throughout the season to be available for service on short notice. In the estimate
allowance is made for a maximum of six months of service for each dredge, and an
additional month's service for one-third of the total number.

Since the shortness of the dredging season leaves the dredges in a stage of practically
uninterrupte(l idleness for several months, ample opportutnit, is afforded for all repairs,
etc., required to keep the plant in serviceable condition, without requiring the with-
drawal of dredges needed in service. No need exists therefore to provide for any
reserve units to be used as substitutes for dredges undergoing usual repairs. A reserve
to provide substitutes for dredges disabled in the field is allowed for in the estimate.
Number of dredge units required.-Could the maximum rate of dredging required to

maintain a channel of the required dimensions be determined,. the necessary number
of dredge units would at once be fixed by the capacity of the adopted unit. But the
maximum rate can not be determined for two important reasons:

1. No fixed relation exists between the amount of material a dredge actually handles,
and the volume of cut produced, due to the variable and indeterminable effects of
natural currents on the shifting bottom of the river in assisting and retarding the work
of the dredge through scouring and shoaling.

2. Even were there a definite and known relation between amount of material
moved and channel results obtained, it is impossible to ascertain the maximum rate
of development of the obstructing bIars and the consequient necessary rate of removal.
Only by discontinuing present dredging operations and allowing bars to form naturally
through a considerable and speedy decline of river to very low stage, and by making
simultaneous surveys on all bars in the district, could the maximum, total rate or
development of the bars be determined with fa satisfactory degree of accuracy.

In the absence of data affording a reasonable clue to the required maximum rate
of dredging and the consequent impossibility of determining the number of dredge
units necessary by a consideration of that element and the capacity of the dredge
unit the only safe guide to a reliable determination of the number of dredge units
needed is a study of the factors referred to and discussed above probable maximum
number, character and distribution of bars obstructing the 14-ioot channel relative
importance of the bars, as obstructions, and of this the depth of cut required is am



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 125

good a measure as any; the desired width of channel, and the length of river to be
covered; and following this, an assignment of dredges of the adopted type, the lar-
rod, to reaches of river each of which presents a fair task in the way of dredging re-
quirements, as determined by past experience in Alississippi River dredging.

In making such an assignment of dredges the following rules have been followed,
which it is believed, are justified by the results of the experimental 14-foot dredging
carried on in 1907 and 1908, and by the past experience of the Mississippi River
Commission in the Mississippi River dredging operations.

1. Irrespective of the probable number of bars to be dredged, the river should be
guarded by dredges at the rate of one dredge to each 76 miles of river.

2. Each bar forming within a dredge territory reduces the allowable radius of
activity of the dredge, in l)roportion to the importance of the bar as indicated by the
depth of cut required, as follows:
A bar requiring a cut of one-half to 2 feet reduces the proper dredge territory by S

miles; one requiring 2* to 4 feet cut, by 10 miles; one requiring 4J to 6 feet c'ut, by
15 miles; and one requiring more than 6 feet cut, by 20 miles.

3. A reserve of about one dredge to every teil should be provided to assist in emer-
gencies and to act as substitutes for disabled dredges.
Applying these rules to the conditions of 1908, the year on which this estimate is

based as affording the most reliable and complete data, we would have;
Miles.

Total river length to be covered............................................... 790
20 bars requiring cut of one-half to 2 feet, equivalent to........................ 100
16 bars requiring cut of 2J to 4 feet, equivalent to............................. 160
47 bars requiring cut of 4J to 6 feet, equivalent to.............................. 705
6 bars requiring cut of over 6 feet, equivalent to............................... 100
a total of 1,865 miles, calling for 25 dredges and a reserve of 3, a total of 28.
The average task of each of the 25 dredges would be the protection of about 32 miles

of river, and the dredging of four-fifths of a bar of less than 2 feet cut, three-fifths of
one requiring 2J to 4 feet cut, 2 bars requiring 4J to 6 feet cut, and one-fifth of a bar
requiring cut of 6 feet or more. In a year of average stages the task per dredge would
be about one-half as great, and, as a rule, the development of the bars and the conse-
quent demands for dredging are spread over several weeks.
The above assignment is, of course, wholly for the purpose of determining the amount

of adequate plant. The actual-distribution and number of (Iredges in the field in any
season would be a matter wholly dependent on the distribution, number, and rate of
occurrence of the obstructing bars.

Survey boats.-To provide ample data for study of channel tendencies and condi-
tions frequent surveys become a very necessary part of dredging operations. Not
more than 3 dredges should be dependent upon a single survey party, and a total of 10
is considered advisable for the proposed dredging plant, 8 pertaining to the regular
plant, I to the reserve dredges, and 1 in general reserve for emergencies and to be
substituted for disabled plant.

Fuel barges and storage plant.-At least 2 fuel barges per dredge are required for
the proper storage, movement, and distribution of coal in the field, and adding a
reserve of 4 gives, a total required of 60. Using 600-ton barges, 750,000 bushels of coal
will be accommodated, about one-third of the probable maximum requirement of a
single season and probably two-thirds the average year's requirement. The balance
for a maximum year should be kept on hand, stored ashore or afloat. A storage plant
for each district is included in the estimate.
The estimate of cost of the entire dredging plant for the stretch below Cairo follows,

and is based on -a current cost of plant and operation in Mississippi River dredging
under the Mississippi River Commission and the St. Louis engineer office. The cost
of operation and maintenance of the dredges includes like cost in the cases of the
auxiliary plant.

Initial cost.
28 dredges, Harrod type, at$250,000...------------------------ $7,000,000
1 inspection boat, at $60,000........................................... 50,000
3 inspection boats distinct), at $25,000 .. 75,000
1 supply boat, at $25,000 * ................ 25,000
8 towboats (district), at $75,000 - ............... 225,000
10 survey boats, at $15,000.............................--150,0001 main depot (with complete eqmipmnent, including mine ways and

coal storage plant) ................. . 250,000
2 subdepots (with equipment for ordinary repairs, and coal storage plant),

at $160,000 ..... 300,000

9.869604064
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60 coal barges, 500 ton, at $6,000.$360, 000
Instruments, office equipment, etc.50,000

8, 485,000
Contingencies, about 6 per cent.615,000

Total.......................................................... 9,000,000

Annual operation ald m)iaintetantce cost.

28 dredges in field six months, at $10,000.............................. $1, 680,000
9 dredges in field one nionth, at $10,000................................. 90, 000
28 dredges, repairs, three moliths, at$2,00..168, 00()
19 dredges,. in ordinary, three mionthlls, at $500.......................... 28, 500
9 dredges, in ordinary, two months, at $500.9,000

1, 975, 500
Contingencies, about 6 percent... 124, 500

Total.....................2.....................................2,100,000
The Mississippi River C inmission now has dredging piant, especially suited

for 9-foot channel dredginU, but which would be of consi(derable value in 14-foot
work. Its present value, in round numbers, may be placed at $1,000 000. There
is also to be constructed and already provided for one marine ways capaicl for (lock-
ing the largest plant of the conuni,;ssion, and one large inspection boat. In addition,
the commission has one dre(lge(depot with fair e(fuipinent, of shops and tools. Prob-
ably about one and one-quarter million dollars' worth of plant woul(l be on hand
should a project for a 14-foot channel by dredging be a(ll)tted.
To acquire the co0l1i)letC plant nee(led for a 14-foot. ehalillnel project, a period of ten

years must be allowed, in view of the sl)drcity of available shipyards. however,
with the existing dredges and through mo(lerate stages of river, especially after new
plant begins to be completed, a 14-toot channel could be expected within a much
shorter Space of time, say five years, interrupted only during extreme low stages, and
for but limited periods.

FIRST SUPPLEMENTAL ESTIMATE.

The greatest, menaces to navig tion are crossings where natural causes and the, lack
of artificial re.4traints cause antFermit the channel to shift. laterally through a con-
siderable range, or permit seve minor shallow channels to form in lieu of one prin-
cipal one. Contraction works at any crossing will benefit navigation and decrease
the amount of dredging required, but at crossings of the kind described above cIn-
traction and training works are an essential auxiliary to dredging plant to hasten
the reopening of a bad bar and to relieve the latter of those tasks that are at times
so great that temporary interruptions of navigation may occur in spite of all efforts.

Such crossings have been found in connection with 9-foot channel dredging, and
may be expected in greater number in 14-foot dredging operations. Their locations
as to the former are quite well known, but how many will be found in 14-foot dredging
and where they will be is now a matter of conjecture. Nevertheless allowance should
be made for them as a part of the estimate of cost of the waterway. Examinations
of the crossings of the low-water season of 1908 indicate some twenty localities where
contraction works would have been desirable auxiliaries to a dredging plant, but
of these perhaps but ten or twelve would have been necessary to.give reasonable
assurance of an uninterrupted channel of the requisite dimensions, assuming dredging
plant contemplated in the preceding estimate to have been available.
As the stage of water reached in 1908 was very low, this number of localities is as

fair a basis for estimate of cost as is now available. Assuming this number, and an
average length of river of 1 mile to be treated at each, with, in general, bank revetment
along the one bank and contraction works along the other, at an average cost of about
$400 000, the total cost would be about $5,000,000, which should be immediately
available for wu9e until all localities requiring treatment have developed, and at a
rate of not les than $1,000,000 per year. The subsequent cost of maintenance at a
rat of 6 per cent ($250,000) annually should be provided for.

SECOND SUPPLEMENTAL 8$TIMAT3.
Without fixation of the banks of the Mississippi River below Cairoj and the conse-

quent prevention of the constant addition of bar-forming material from caving banks,
the greatest enemy of navigable channels in that alluvial stream, the cost of main-
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training a 14-foot channel by dredging alone must needs continue without lessening
as long as the project remains in force. But with systematic fixation of the banks,
though considerable time may be required for its completion, the necessary drcd(ring
will decrease in amount and will ultimately become of minor importance. A com ete
project for the river below Cairo should, it is believed, include adequate dredgingplant to provide, *with the aid of contraction works at selected crossings, a channel
of the requisite dimensions, and as an adjunct a systematic fixation of the banks
wherever needed throughout the stretch, beginning at the worst places. Stich a
treatment of the banks will unquestionably pay for itself in the reduction of thecost
of channel dredging and the security given the levee system, not to mention the
benefit conferred on owners of riparian land through their protection from loss through
erosion,
The natural channel depths below Red River Landing are ample, and no bank pro-

tection below that point is needed in the interests of navigation.
During the low-water season of 1907 measurements were madoe of the caving on

both sides of the river-between Cairo and Red River, and the result showvs the total
length of banks then actively caving to have been 749 miles over a channel length
of about 790 miles.
The following table gives the length of bank caving fast, moderately, andl slowly at

high and low stages:

Rate of caving. Linear feet., Total.
_~-- 1~

Fast at high water and fast at low water......................................... 1,108,633
Fast at lifigh water nn(l moderate at lowwater..69,128
Fast at high1l1 water rnun slow at low water.2.,.64.
Fast at higlhwater and no caving at low water.734, 352
Fast at low water an(l no caving at highwater..9.,2.0
Moderate at high water andl moderate at lowwater..62,581 2,262,863
Moderate at Ihigh water and slow at low water................................... 5,270
Moderate at high water and no caving at low water.............................. 2.320
Moderate at low water and no caving at high water.............................. , 751
Slow at high water and slow at low water ........I............................... 313,921
Slow at high water and Lo caving at lowwater. 73ti 442
Slow at low water and no caving at high water.117 591

1,167,954Caving at both high water and low water rate not stated.........................14 6......... 1,16
Caving at high water (rate not stated) an(d no caving at low water...... 106, 145
Sliding lbank reported............................................................ ............ 4, M1

Total.............................. ............................... 3,95-1,261

To protect this total length with standard revetnment covteriing the bank from the
lowest limit of scour to high-water line, at anl average cost of $30 per linear foot, would
amount to some $120,000,000. But it will be seen from the above table that but little
over 50 per cent of the total is rapidly caving at any stage; an(l but little over 25 per
cent is having fast at both highi and low stages; less than 7 per cent is caving moderately
or slowly at all stages, and for about the same amount the rate is not given; about 30
per cent shows none but slow caving and of this the greater part by far shows no caving
at some stages.
Allowing for revetment of the banks showing rapi(l caving at one or more stages,

about 57 per cent, and those having moderate caving, about 7 per cent, and making
allowance for the part where rate is unknown, about 7 per cent, the total length to be
revetted would be about 2,780,000 linear feet, and at $30 per foot the revetment would
cost $83,400 000.
The locations of the caving banks are constantly subject to change, as are also their

lengths and the rate, And by the time a bank protection system in the interests of
navigation could be well under way new caving banks will develop; others now caving
will have ceased to cave, and some now caving at so slow a rate as not to be detrimental
to navigation will be caving so seriously as to require attention.
An estimate of the cost of a satisfactory protection of the caving banks must, to be

comprehensive, include a sum sufficient to revet the length of bank now caving, an
annual sum for maintenance of protection works when in place, and an annual sum
for such extensions as the future developments may show to be necessary. The nature
of the data on which such an estimate must be based does not allow close figures, but
the following is submitted in the belief that it is justified by the data at hand:
For protection of banks $90,000,000, to be expended at a rate of not less than

$5,000,000 per year. At this rate the project would require eighteen years for comple-
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tion, and the annual cost of maintenance at 6 per cent would increase from $250,000
after the first year to $4,500,000 at the end of the period. An additional $5<00,000 per
annuim would provide for extensions of the Hystem to include poiiits of incipient
caving. R&un6.

Dredginp project(time required, ten years):
Initia cost..........................................
Annual cost........................................

Contraction works (time required, five years):
Initial cost..........................................
Annual cost........................................

Bank protection (time required, eighteen years):
Initial cost..........................................
Annual cost........................................
Very respectfully,

..............$8,900, 000
.............. .2,000,000
..............6,000,000
................250,000

..............90,000,000

..............5,000,000

U. A. LUKE8H
captain, Corps of kEngineers, U. S. Army,

Recorder of the Board.
Col. W. H. Bixiny,

Corps oJ lAny~ineere

fN Y _._____
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Authoritative least depths on bars between the -mouths of the Ohio and Red rivers during the low-water seasons of 1907 and 1908.
[Compiled for use by the Board on Examination and Survey of MississipFPiRver, In determining the number of bars that -would, during those seasons, have required dredging forth~e maintenance of a 14-foot channel.]~4[Survey-From map of bar survey of even date. S. T.-From reports of soundings taken during channel. inspection by superintendent of dredging. Com'n.-From raccrd of

soundings taken during Inspection trip of Mississippi River Comimission. .--From reports of district officers.]

19)07.

Name of bar or crossing. LatSaeo

Depth ob- Date., nerierserved. guuears

Medleys ~~~~~~~~~~Feet.Feet.

IooI Of ISLMand 10.....................

La Forge(upper).---- - -- ---- - -- - - - -

La Forge (Io~%er) .. . . . . I.... . .. .- - - .

Morrissons............... 14.5 Aug. 19 16.5
W\al'sulls................................
Nulansi................. .... ..........

Poii't iPleasauit.-------..... 1!. 5 1Sept. 27 10. 9
Lfilda.................. 1,21.0 sept. 6 15.3
Chierokfee.--------------- 13. 5 Sept. 27 10. 9
Joe Eceies............... 10. 5 Nov. 25 13.3

Isud14 or LRedlfout......:.... 10.0 Nov. 2 5.

F~out of ].Izland 16 . . . . . . . . . . . . . .

Fout of Isaland 21 ............ 1315 NoV._ .
Wrlght~s Poit..............13. 0 ct. 29 6.7

11".ies V'oila..............
Ii-e~rStyx............... ....

liuckers.............. V...........Furked4 lDeer..............I 1.0 -Nov. 9 6.6
U'iJ) 0n eis.--------------- 10 5 Nov. 2 7.1

MS0.

Least
depth ob-
-erved.

Feet.
aS. 5
13.5
9. 5
9.0
9.5

is. 4.
9.5

13. 5
9.0

12.0
9. 5
9. 0
8.5
10.0
8. 0
9. 5
9.0
8.5
S.0

1.5.1)
is. 0
le..5
10.5
12.0
15.0
12.0
10. 5
10. 5
9.0
10.5

Date.

Sept. 20

Oct. 5

..do...

...do...

Nov. 26

Sept. 20

S~ept.219
Oept. 217

'Oct. 24
Oct. 21
Oct. 241
Oct.

Oct.

Oct.

4._uez.2o.
Sept. 27

Oct.

Sept. 20

Oct. 24

Deo. 21

Oct. 21

Oct. 24

Oct. 27

6Oct. -21

Staga of
river

nearest
gauge.

Feet.

8.4

6.0

4.7

4.7

5.8S
7. 1

5.7

5.7

6.0

3.8

4.0

3.8

4.0

4. 7

4.3

413
0.0

0. 0

2.2

0.4

3. S
0.4

0.0

0.0

0.0

4.5

0.4

0.0

2.
3.5

Neua-stgaue.
1907.

Columbus,Ky.-------

INew Mddi dr.......d......

*--do...... ...... .....

... . o .... . . . . . . . . . .

V... . o .... . . . .

.
;Y

do........... .......

dio .. . . . . . . . . .. ..

lo.-- S 'P.
. do.0------------ S-T.

..--

.do.-- - -- - - .T
do.------------....

F ut...... ... . . . .

~rity. of bar.

1908. 1907. 190.

S. T. I

S. T. 2
S. 3~~~~

S.T. ----

S. T. I.......
S. r. --- --- 9

CoUiU. . .l 10
S. T. II i
Comn.n 12

A.T. 3 13
Survey.i 4 14

S-11,.. ... is

Co.ni 6~ 17

CS1,11 19

1U.on i- --- 23
S. T. 101 24
S. T 11 25

H4

C12

0

z

-43
0

0

On. cast aiiy.

Dls-
tazice
below
Cuiro.

.fIle's.
29
34
65

62
63
65
£6
70
74
76
so

02

93

103
121

131
I xi
131
I4i)

144)
IW

9 -

8
M

I.-

I
D
4
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Authoritative least depths on bars between the mouth, of the Ohio and Red rivers during the low-water seasons of1907 and 1908-Continued.

1907.

Name of bar or crossing. Least Stage of

depth ob- Date. river
served, nearest

gauge.

Fcet. Feet.
As port o -- - - -- - - - -- - - - -- - -- -- - -- - ..-----.- ..

Fletchers T. RI. (upper).. .
Fletchers T. H. (lower) . .-
Gold Dust . ..- -. 12. Nov. 2 7.1
NewRaven.. .11.0 i.do 7.1
Bullerton .12. 0 Oct. 29 7.8
Fulton Bluffs.. . .-.
Hatchieb 11. 0 Nov. 8 7.1

Down Shoreof island34.... .. . ..
Island 34
Morgans Point .. 16.0 Oct. 29 7.8
Bend of Island 35 c 9.5 Sept. 27 9.3
Uzzels C

----- ------------..-.-

Pecan Point - 10 0ov. 8 7.1
waltz . 11.0 ?Nov. 2 7.1
Corona 9'Dredging Project .10.0 Oct. 26 9.1
Corona 14' Dredging Project .8.5 Oct. 14 11.0
Old River .9.5 Nov. 8 6.8
I t niur ..--- - - - - -..14.0 Nov. 6 6.6
Paddy Hen 12.0 Sept. 27 9.4
Head President Island 14.0 iNov. 2 69
Nonconna. 10.5 Dec. 17 7.8
BelowNonconn-l.. .
Wyanoke. .
Foot President Island . 10. 0 Nov. 2 6.9
Armstrong.
RomrLake .-...10.5 Nov. 6 8.6
Cow Island .. -

Daisy-.- 10. 0 Dec. 17 7.8
Harckelrodes. 15.0 Oct. 24 8.4

Star Landing
Folks -- --- ------------------.-.--- 9. 5 \Nov. 6 3.6
Head McCuloukh T- H-------- 12° 0 -- do --- 36
Foot McCulloughT. E.or Peters 11.0 Oct. 24 &4
Ashley Point -

Foonznlss--end--------.---------- ----------

3hoons Bend-- - - - - - - - -- - - -- - - -- -- - - - -- - - --

I 1W&. j | Authority. | fSerialnuber
Least ~~Stage Of

depth ob- Date. rieres
served. - - gtages
Feet.

9.0
8.0
8.5
8.5
8.5
9.5
9.0
10.0
10.0
9. (
8.5
10.5
12.0

10.5
8.5

8.0
9.0
15.0

10.0
15.0
9.0
9.0
&80

17.0
9.0
10.5
7.0
&85
9. 0
&85
&80

11.0
11.5
10.5
8.0

Oct. 21
Sept. 27
Oct. 25

. . do....
. do....

Sept. 20
Aug. 25
Sept. 20
Oct. 5
Oct. 25
Dec. 1

Oct. 25
Oct. 5
Oct. 25

Sept. 24
Sept. 15
Dec. 1

Oct. 26

Aug. 21

Sept. 8
Sept. 26
Oct. 26
Nov. 5
Aug. 21
Sept. 17
Oet. 26

;-. do---
Oct. 10
Oct. 26
Oct. 10
Nov. 24

Nov. 15

Oct. 26
Oct. 10

Feet.
3.5
5.2
3.7
3.7
3.7
3.7
6.4
11.0
6.4
4.5
3.7
5.0
3.7
4.5
3.7

.. .. .. ..

6.3
8.4
5.3

.......ii

12.2
10.0
5.9
3.9

7.6
12.2
d 7.8
3.9

- 1.3
- 0.7
- L13
- 0.7

0.6
2.9

- 1.3
- 0.7

Nearest gauge.
1907.

Fulton. ..... ....
.do.....----------

.do.
- do .. - S. T.

.do . S. T.
do... S. T.
do.
do S. T.
.do..
-do.-----.-

_ do S.T.

do.Survey.
do-.-.-------.I..
-do - - - S.T.

do ........S.T.
Memphis ....-------Surver.
.do.---...-----Survey.

.do.------- S. T.
- do----------------------- S.do.S.T.
--do----------------------- S. T.

do.-----S. T.

do ....S. T.

do.-- i-------.-.
do--....do .---...........---S. T.

.. ..do.--- - - - - - -- - - - - - -....do.-------------S.T.. do.
do.S. T.

MKhoon Landing. S. T.

..do .---.-.

-do.---.-----S. T.

. do.-..........-S.T.

... do S.T.
.do............----------

_ -do --- --- -- --- --- -- ---------- .......,

. . do..-.-

198. 1907. 1 1908.

S. T.
S. T.
Com'n.
Com'n.
Com'n.
Com'n.
S. T.
S. T.
S. T.
S. T.
Com'n.
S. T.
Com'n.
S. T.

Com'n.
S. T.

S. T.
S. .

S T.
S. T
S. T.

Corn n

S. T.
S. T.
2d D.
Com'n
Corn
S. T.
Com'n
S. T.
S. T.
S. T.
Comin
S. T.

12

13
14

15

16

17

18
} 19

20

21

22

27
28

26
27
28
29
30
31
32
33j........
34
35
36

37
.......

38
........

39
40
41

.......i

44
45
46

47
48
49
50
51

*Left bank channel; after September 1the channel was between towhead and right bank. b Left bank channel; after September 1 the channel was along right bank (Island 34).
Abandoned by river between 1907 and 1908 d Authenticity questionable.

Dis-
tanoe
below
Cairo.

Jriev.
153
153

153.5
158
162
167
177
178
178
180
181
193
195

196
201
204
204
209

223
228
233
235;i
236
238

239
241
244
250
252
255
259
264
269
271

274
275
276

0_3

0-

t.4
0
cl

Co
H
0

H

0

-_4

0

0



Bordeaux . ..
----------

liardin Point. ----------

Montezuma.- 13.5
Westover-- 15.0
Friars Point
Ledbetter .
Head Island 63---- ------- 15. 0
Foot Island 63 .
Andersos .. 13.5
Island 68 .-- --

T.H. Island 68 .------- --

Parkers ..

Henrilo.
Scrub OrssBend.
Victoria.
IndianPoint.13.5
Jersey Point
Catfish Towhead .13.5
Head CypressBend.
ChoctawBend.
Moss Lake ..-- 16.0
Point Chicot to S al-n. 9. 0
Salona- - -- ---._' _______________ 10.5
Refuge.f'' ------ ----------.
Longwood;'_Miss . 13.5
Worthington'Point.
Fannie Bullitts T. H. to Mosswood . 10.5
Head Grand-Lake T. H.....---.

Foot Grand Lake T.H. ..

Leota 10.5
Carolna._
Head Louisana Bend
Wilsons-Point.12.0
Longwood,La.
StackIsland..
Homestead.
Salem 15.0
Villa Vista Light to Henderson Light 12.0
Henderson.
Mascot to OmegaLight.
DiamondIsland.
Kellogs -- --------------- 14.0
Buck Ridge.----------.-..-.
Rodney......13.0
W averlyE Point_...
Natchez Island--. 13.0
Fords 15.0
Mouth Old River .. --..
Torras or mouth of Rod River.... 11.0

Sept 27
Scpt. 24

Sept. 27

Oct 241----------

Oct. 24

Nov.9

1----------

1----------

Nov. 9
Nov. 10
Nov. 22

Nov. 11

.1 . ---. . .

Nov. 11

....d.....

.K... i...

INov. 90
Nsov. 26

Nov. 81
..... ..
Nov. 12

1----------

,ov. 1

, v 26

Nov. 11

_--.do. ._
1----------

N~ov. 12

, I.........
13.8

1----------

, *.........

ii1i1
'----- --- -'

- ---------

*--- ---i---

*----- -----

1----------

9.6*- -- - ---- -

.1... ...

9.6

7.6
12.5

7.7

;7.7

5.8*----------
*I*........

9.2

..........

*I *......

.f.........

11.2

9.2

7.8

12.0
13.0
9.0
9.0
12.0
13.0
&80
9.0
8.0
9.5
10.5
9.5
9.0
12.0
11.0
8 0
1&0
10.5
12.0
, .5

1&80

12.0
10.0
15.0

14.0
11.0
12.0
15.0
13.0
10.5
9.0
12.0
S. 0
6.0
12.0
9.5
12.0
12.0
15.0
'.6.5

13.5
7.0
9.0
12.0

Oct. 26
Oct. 10
Oct. 15
Oct. 26
Oct. 1
Oct. 26
Oct. 1
Oct. 26
Oct. 1
Oct. 26
Nov. 24
Oct. 10
Oct. 27
Oct. -26

do....
Oct. 10
Oct. 1
Oct. 27
Oct. 29
Oct. 10
Oct. 28

Ot. 1

Oct. 10
Oct. 1

Oct. 1
Ot.d.
Oct. 26
Oct. 1
Oct. 26
Oct. 29
Oct. l0
Oct. 29
...do-.. .do....
Sept. 29
Nov. 24
Sept. 30
Nov. 24
Oct. 29

. ... .
Oct. 30

*. .do.

-. .do..
Nov. 24

1 i0
4.3
6.4
4.3
7.6
5.6
7.6
5.6
7.0
6.2
&56
77
7.7
9.4
7.4
3.8
11.4
5.7
&5

70
7.0
5.6
7.0

4.6
4.6

IL8
4.6
1.2
5.0
3.3
5.0
5.0
5.0
5.6
4.8
5.5
4.8
3.3
3.3

6.0
6.0
6.0
4.7
7.6

.do .
Helena .--.

I. .. . do -- - - - - -- - - - -

.do......

.do...

.do ------------------
Sunflower Landing.

.do ------------------

.do - .---------------

.do .
.-do- .---------------
.-do. .
.-do------------------
Mouth White River
.-do.

.do .
Arkansas City .
.do-----------------

.do .

.do.

.do -----------------
Greenville .

.do .....

.do......

.do .,
.--do ...

...do . . ..
do........
.do..............
.do.

.do.
.-do..... ..

.--do . .

.-do.
- do ..- ..doekb~......................

.-do .- ...

..do .-....

.-do......
. do.. ......
.-do.

St. Joseph .......... .....
Natchez.............
....do ..--.

.do.do
Red River Landing.
.--.do.

*At night.

280
287
312

318.5
319
327
332
333
359
361
361
367
384
385
390
408
421
425
427
436
455

473-4
476
484
501
505

506-8j
512

512.5
513
517
520
532
538
540
53
564

573-4
574
678
613
618
624
651
697
707
710
764
765

8. T.
j8. T.

S.T.
S. T.

S. T.
1----------

1--- -------

3d D.

3d D.
3d D.

. ........... ..

3d D.

|3dD.
3d D.

3dD.

3d D.
1----------

1----------

,I ..D.

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

I 3d4D.
3 D.

4thD-

4th D.

Com'n
S. T.
S T.
S. T.
S. T.
8. T.
S T.

S. T.
S. T.
S. T.
S. T.
Com'n
S. T.
S. T.
S8.;T.
S. T.
ComMn.
S. T.
S. T.
Com'n.
S. T.
S. T.
S. T.
S. T.

S. T.
S. T.
Com'n.
S. T.
S. T.

,Com'n.
S. T.
Com'n.
S. T.

Com'n.
3d D.
S. T.
3d D.
S. T.

Com'n.
Com'n.

S. T.
S. T.

Cotn'n.
Com'n.
S. T.

12
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69

I 0
71
72

73
74

76
77
78
79
80
81
82
83
84

86
87
88

..o.

..i

...

..i

...

;-

H

09

o

Q2

H

Q

H

0

H

0

0

I--w f



Corona crossing.

204 miles below Cairo.]

Distribution of time in hours. IMaterial moed Stagerof ~ ulMemphis sle

Inclusive- g gewdtldatesof U ~~~~~~~~~~ILeast Least
:Dredge- dredging Im O deth 0 wit14Rnrk

opera- 0 ~~~~~~~~~~~~~~~~~~~~~feetwide. feet depth.tIODS.~~~~~~~~~~~~~~r Cubic
Kid. ' .

LI
- 0~~I , 0 a

P4PkzEr, E- Z~~~~~*b.b

f~~ug.'~~~~4:00 ~~~Feet. Ft.
Feet.

Fe et.Fed
F

et.1 Feet.
Iug- 00 2:4.5 2:10....39:05 48:001 625 20 41 17 1.0 618~Sand and 15.50, 15.30 10.8 16.2 1,700 1,200 At this time water too high forEpsilon.jk'ug.8 gravelFt.suction of Epsilon. Work was

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~effective,as acceleration of cur-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rent,due to operation ofpump,

~~~~~~~~~~~~~~~~~~~~~~~~~~straightenedand Improved
~~~~~~~~~~~~~~~~~~~~~~~~~~~~channel.D~redgeoperated out-

~~~~~~~~~~~~~~~~~~~~lbs wae toImproe en

HSZ~d. pt~u. 9 }8:50 8:20 :30....193:40 384:00 24,550 32 301 18 5.0 147,375g... do ... U 0
9.70 15.1 9.4 80

to cutInfetov owierpolat t woin
~~~~~~~~~~~~~~ofcurrent distributed: over

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~largearea, shoalzchannel by
~ ~ ~ ~~~~~~~dpsited sandy lessened

volo~ty Drdge dropped
~~~~~~~~~~~~~~~~~~downstreamto try to Keep

~~~~~~~~~~~~~~~~~~upperbar from extending
farther downstream.

Do. Set '1 91:25 6:20183:00 25580:201 384:00 11,350 32 10 18 6896, 265-de.d, 9405.90 9.4 & .... ...Duringpeiserodannow chan-18apt.26~~ ~ ~ ~ ~ ~ ~ ~ nel broffi through upper bar

opposite Corona Landing This

~~~~~~~~~~~~~~~~~~~~furtherlessened vetw of

~~~~~~~~~~~~~~~~~~~~~~~currentin vicinity of opera-
tions and incrae deposit of

sand there. Assisting'ground..

:0

H

0

r
c

o

F3

Q-
r,
C>

Q

a
0

9.869604064

Table: Corona crossing
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D- t. 27
25

Do.. - ! Nov.

Beta.... Nov.

13t~..--'Nv
26
3
16
29

}.231:30

T1:5E

7:45

55:25

9:35

13:45

35:15

8:00

4:15 369:351 696:00' 30,600

67:30 216:00 12,400

106:30 336:00; 13,400

32

32

38

40

13

8

18

20

7.7! 284,1121 ..do....

9.1

8.4

140,3401. .do.....

171, 782 '.. do ...

5 70!

3.90

3.90 ....

*9I.801 45
& 15 1 4.5

14.51 60 600

650

ed boats and passing same, to-
gether with a series of minor
breakages, limited the period
of actual dredging to ninety-
one hours. (See Report of
Operations, Secretary Missis-
sippi River Commission, Sep-
tember, 1908.)

Work done in newly opened cut
at Corona Landing. this

decided to keep Itooen:and to
reduce curvature atloweend,
though It was then apparent
that this would notbe the final
low-water channel, but that
the final channel, at its lower
end, would be at a point 1I
miles belowCorona Landing.
There was not, at this time,
enough water on bar at that

pitto allow dredge to get
intoptosinkheadpiles.

This was accomplished AOcto-
ber 26. A channel 250 feet
wide of 10.5 feet least depth
was malatained.

Effective.

.No further dredging necessary
alter November 29. On De-
cember 3 there was a channel
250 feet wide with a least depth
of 17.5 feet and the 14-foot
depth had widened to 700 feet.
On December 31 the channel
was of project depth and width
or better.

P4

'-3

0

t0

04

0

I



Linda coming.

[82 miles below Cairo.]

Crossing selected forl4-footdredgingon Octo-
ber 24, 190& Dredge withdrawn at close of
period on account of rising river

During interval between dredging periods
the river rose to 9.13 on New Madrid gauge
and then fell, -..: --; to 200 feet, the
channel made duing he first period.

No furtherdredgimg was needed afterNovem-
ber 23. The dredged cbannel constantly
improved of itself during rest otseason.

~-

4

H
121

to

t4H

02

0

1-3
W

t4

0

0

9.869604064

Table: Linda crossing
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Pecan Point Crossing.
[195 miles below Cairo.]

3istribution of time in hours.

0

.0
2t

i20:05

1}74:55114:30

}56:35 14:30

3
to,0

oo

0

0
z 0

E-

4:0018:251 56:251168:00

1:001 ... 1125:351216:00

4:50 1:05 19:00' 96:00

ar.
raEz
2
P

K79:05LI I

0

:;

0

-

=

0

!5
0

0

'I0

0

Ei

Feet. IFt.
9,90020.0

lO,85Op2O.O

90, m0 120. 0

19, 0N

02
0

0"

z

Stage of
river,

Memphis
gauge.

a.
0

2-

to

-'

a.
r-
'0
z

Results.

Least
depth
500 feet
wide.

bi
o
-

O.B
-'C

W -
CC

.C)
'0

Least
width
14-foot
depth.

=Q C
2 1.E

Remark.

Ft. Ft. Ft. Fee.
5.30! 4.30 14.0 8.6 600 .... Placing of dredge caused channel to shift to

right-bank shore. At end of period there
was, however, a channel of 9-foot depth, 250
feet wide.

4.00 3.80 8.6 13.2 ... 450 Placing of dredge caused. another shift in
channel. The desired width of 14-foot
depth was nearly attained, and in a very
good line.

4.901 5.00 10.8 14.3 375 525 No further dredging required after November
27. Survey of December 22 showed im-
provement of 14-foot depth, and that. this
channel was widening.

Inclusive
dates of

Dredge., dredging
oper-

Zeta..- {Oct. 93(Oct. 3

Zeta.... Oct. 161 Oct. 16

Zeta-.... fNot. 24_Nov. 27

C1

;0

(r.

e

0

0

0

I.-A
co
C7n

9.869604064

Table: Pecan Point Crossing
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136 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

APPENDIx No. 15.

Tabulated gauge readings at selected stationS between Chain of Rocks and Cairo.
CHAIN OF ROCKS, MO.

1892.
(Gauge 10.42 miles froin Eads Bridge. Zero of gauge, 321.18 feet above Memphis datum plane. Gauge

rea(i -t 2 p. in.]

Day. Jan. Feb. Mar.

1
2
3
'I
6
6
7
8
9

10
11
I
1

12
1.3
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Apr.

89.40
9. 50

91.60)
95. 20
97. 40
98. 30
9s. 50
98. 30

95). 60
94.00
93. 00
92. 60
92. 90
92. 90

93. 70
9.5. (!0

97.65i
97. Oi0
97. 80
97. 40
9(6. 75
95. 80
95. 00
94. 20
93. 50
92. 80

May.

91.80
91.80
91.40
902. '
94.80
97.20
98. 80
99. 50
100. 10
101.40
10)2. 40
10:3. 40
104. 75

1()7. 45
107. 70
11)8. 00
11S. 10
107.75
107. 10
106. 70
106. 50
106. 40
1(6. 10
105.60
105. (O
104.30
1(03.60
103. 05
103.00

June.

103. 40
103. 60
104. 40
105. 40
lfi. 10:
105.86
105. 60
105. 05
104. t0
104. 10
103. 40
102, 80
102. 60
102.00
101.35
100. 90
100.10
99. 60
99. 00
98. 0
97.90
97.30
96.80
97. 10
9o.90
98.10
98. 30
98. 70
99. 20
99.(O

July.

99.20
99. 60

10120
11. 90;
101 900
101.90.
101. 90
102.00
101.80
101, 60
101, 20
101.90
100. 90
100. 70
100.20
99.80
99.60
99.20
98.60
97.60
97. 20
96 40
95.70
95.00
94.00
93.00
92.00
91. 10
90. 50
90.20

Aug.

90.00
89.80
89. 40
89.00
88. 50
88.20
87, 80
87.60
87. 40
87.20
86. 90
86. 70
86.90
86. 70
86.30
86. 10
8l. Q0
85.80
85. 70
85. 60
86.20
85'.00
84.70
84. 60
84. 30
84. 20
84.00
83.80
83.70
83.70
83. 70

Sept.

83.70
83. 40
8:3.00
82.90
82. 60
82.20
82.00
81 70
81.6081.60
81.90
82. 10
82. 40
82. 10
81. 0
81.70
81.70
81.60
81.606
81.40-
81.40
81.30
81.20
81. 10
81.00
80.90
80.80
80.70
80.60
80.50

Oct.

80.60
80. 40
80.40
80.20
80.t0
80.05
80.00
079.90
79.80
79.60
79.&0
79. 40
79. 40
79. 30
79. 30
79.30
79. 20
79 20
79.20
79, 30
79.035
:79.30
79.25
79.20
79. 20
79.25
79.30
79. 45
79.80

Nov. Dec.

79.90 .......
70.80 .......
79.70 .......
79. 0 .......
79.60 .......
79.40 .......
79.30 .......
79.25 .......
79.25 .......
79.30 .......
79. 25 .......
79. 20 .......

...............

........ .......

........ ......

........ .......

........ . .....

........ .... ....

........ ... ......

........ ... ......

........ ......

........ ... ......

........ .. ......

........ ... ......

........ ... ......

........ ... ......

........ ... ......

........ .... .....

........ .. ......

.... .......

(Gauge 10.42 miles from lEads Bridge.

I Day. Jan.

2 ........31........

7 1........
4 1........
9 1........
(; 1........

it 1........
12 1........
13 1........
0. 1........

1'2 ........17 .........
18..)........
19 1........

2.

17 ........
23 ........
21 '........
25 ........b
26 }........
27 t........
28 1........
29 ........

26 1........
91

10.....
311.....

Feb

,........
,........
.........
,........
.. .. .

........

.. .. .

..*......

..¢......

........

1-.......
.. .. .

... . .

.......

.. .. .

Mar. Apr.

86. 90
86. 40
86.30
86. 20
86.030
86. 70
86.70
86.70

186,. 60
89.60
9 1. :io

95.00

94. 80
94. 70
94. 90

9-1.90
94.00
93.10
94. 10
97.30
97. 60

I96. 80
96.70
97. 30
98.00
98. 70
99. 25
100.60

1893.

Zfroof gauge 321.18 feet above Memphis Datum Plane. Gauge
read1 at 2 p. Ii.]

May.

102.25
102.95
103.00
102.40
101.10
100. 60
..i.....98.20
97.50
97.00
96.90
97. 40
97. 70
97.40
97.00
96.80
96. 60
96.40
95.90
95.40
95.00
94.50
94.10
93.90
93.6094.120
96;. 40
98. 70
99. 30
99. 30
98.70

June.

98.20
98. 80
99.30
99.60
98. 70
97.70
96. 90
97.20
97.30
96. 80

94.60
93. 70
93. 00
92.60
92. 40
91. 70

91.00
90.40
89. 90

189. 4U
89. 40
89. 80
90.00
91.60
92.50
92.00
91. 0
90.50

July.

90.00
I90.00
189.70
89.6V0
89.10
90.60
9'2.50
92.30

90.80
90.00
89.00
88.20
87.60
87.00
87.60
88.30
87.50
87. 10
86. 10
85.a60
85.00

84. 40

Aug.

60
84.50
84. 00
83.60
83. 00
82. 70
82.40
82.10
81.90
81.90
81. 90
81.80
81. 60
81.60
81.400
81.40
81. 60
81. 10

82. 40
83.50
83. 70
83.20
82. 60
82.00

81.30
81.00
80.

780.7()

Sept.

0.-
80.40~
80.30
80.20
80.10
80.00
79.90
79.80
79.80

79. 70
79. 70
79.60
79.50
79. 40
79. 30

79. 20
79.20
79.20
79. 10
79.10
79. 30
79. 30
79.30
79. 30
79.20
79. 20
79.20
79.10

Oct.

79. 20
079. 10
79.20
79.20

79. 600'
79. 70
79. 60
79. 60
79. 60
79. 70
79. 60
79. 6079.670

79. 40
79. 30
79. 20
79. 20
79. 20
79. 10
79. 10
79.10
79. 10
79.10
79.10
79.10
79.10
79.00

79.00
78.90

Nov.

'78.20
79.00
79.00
79. 10

9.0079.0079,0079.00
79. 06:;
79.00
78.90

78.90:
78. 90
78. 90
78. 80
78.80
78.80
78. 80
78. 75
78.80
78.80
78. 90
78.85
7Y.80
78.70
78.65
78.60
78. 40
78. 30

Dec.

78.20
77.9
77.90

76.75
76.75
76.15
76. 35
76. 30
I76.2501'75. 95
76. 20
76. 70
77.740
77.20:
77. 10
76. 80
77. 10
77.40
77. 50

77.95
77. 95
78.00
78.00
78.00

........ ........

........ ........

......... ........ ..........
........ ........

........................

........................

........................

........ ........

........................

........................

. . . . . . . . . . . . . ..

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

9.869604064

Table: Tabulated gauge readings at selected stations between Chain of Rocks and Cairo
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PROFILE OF MISSISSIPPI RIVER ST. LOUIS, MO., TO THE GULF OF MEXICO SHOWING RIVER BED, HIGH AND LOW WATER SLOPES AND EXTREME STAGES REFERRED TO MEAN GULF LEVEL






WATERtWAY, ST. LOUIS TO THE GULF AND CHICAGO. 137

Tabulated gauye readings lat selected stations between Chain ofRocks and (airo--Cont.'d.
CHAIN OF ROCKS, MO.-Continued.

189i4.

(Gauge 10.42 nitICs from Eads Bridge. Zero of ga01ge, 321.18 feet ahovo e dtu
mrea(l at 2 p n. After October I gauge read at 8 a.1mpae

Gauige

Day.

1
2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

78 10
78. 20
78. 30
78 50
78. 65
78. 70

.....L...
78. 50
78. 35
78 15
77 90
77. 80
77.50

77.50
77. 60
77. 70
77.80
77. 9

..i .6...
79.20
79. 60
78. 70
77. 70
76.90

76. 50
76. 40

Feb.

70. 30
76 30
76.20

77. 10
77.30
77 80
79.90

81.60

81.40
81. 00
80.40
so. 10
79. 70

80. 70
81. 10
80.70
80.70
80.70
80. 60
80.50
80. .50
80. 60

Mar.

80. 70
80.70
80 80
81. 30
81.fiO
84. 00
87 00

90.90
91. 50

.06). 30

87.60
86t. 90
86. 20
85.60O

84. 60
84. 30
84.30
84. 50
84. 110
84. 70

84. 660
84. 40
85. 40
85.90
85. 60
84. 90

Apr.

84. 40
84 20
83. '0
83. 70
83 50
83 40
83. 30
84. 40
84. 00
84 90
84. 50
84.90
&;.50
85. 60
85 50
85. 30
87. 50
88.90
90.40
89.90
88.50
87. 40
s8. 80
86.40
86. 10
85. 90
85. 70
85. 40

8.5.20

May.

85. 70
86. 80
S(; 90
86. 70
86.60

88. 70
90. 10
91. tO
92. 10
94. 60
94.20

01.80
91. 10
90. SO
90. 20
89. 40
88. 50
87. 80
87.20
86. 90
86. 70
86 50
86.60
86.40
86.20
86.20
87. 90
89.40
89.70

June.

89 So
89. 70

89. 10
89 00
89 00
89.30
89. 60
89. 60

89 30
89 20
89 20
89. 10
89. 10
88. 90
88 90
88 90
89 00
89.00
89. 00
89.00
89.10

89.00
89. 10
89.20
90 00
90. 10
90. 00

July.

88. 50
88. 1o
8 00
88 30
883.30
87. 60
86 90
86. 40
86. 10
86.90
85. 40
85i.00

84. 10
83. 90
83 80
83. 80
8:3.80
83 70
83.60
83.60';
83 50
83 10
83.00
82. 90
82.80

83. 00
82.90

Aug.

82. 70
82 80
82. 50
82. 45
82. 30
82. 00
81. 70
81.60
81.30
81 00
80 90
80. 80
80.70
80. 60
80. 35
80.20
80.00
80. 0()

..ii.6...79. 90
79.80
79.76
79.70
79 60
79.50
79.45
70. 40
79.30.
79.25
79. 25
79.20

Sept.

79.10

79. 00
79.00
79.20
79. 35
79 35
79 80
70.85
79.80
79 80
79 80
79.70
79.(i0
79, 80
80. 10
80. 70
80 90
80.70
80. 30
80 20
80. 10
79. SO
80. 35
80 20
80.50
80.40
80. 05
79.90
79. 60

* Reading changed one-balf foot or more.

1895.
[Gauge 10.42 mIles from Eads Bridge. Zero of gauge 321.18 feet above Memphis

react at 8 a. ni.]

Day.

1
2
3
4
6
6
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

76.05
76. 60
76. 20
7&580
760O
75.70
75.70
75.80
75.65
75.40
75.70
75.20
74.60
74.80
7& 10
75.85
76. 35
76. 70
76. 60
76.80
76.90
76. 80
76. 60
76. 50
76. 20
75. 80
7& 30
75 45
75. 85
76. 50
79. 00

Feb.

80.75
80.60
80.60
80.40
80.40
80.30
80.26
80.10
80.10
80.30
80.66
80.65
80.65
80.6O
80. 50
80.45
80.30
80.20
80.10
80.00
80.00
80.15
80.15
S0.35
80.75
82. 70
79.45
7/9.66i

Mar.

80.80
81. 15
81. 35
81. 65
81.20
81. 35
81.80
81.95
81.85
81. 50
81. 40
81.00
80.75
80.70
80.75
80.70I 80.60
80.60
80.66
80.30
80.05
79. 70
79. 70
79.80
79.85
80. 80
81.00
80.85
81. 70
82. 05
81.85

Apr.

81.85
82. 60
82.65
82.10
81.50
81. 15
81.00
80.85
80.70
81.30
82. 90
83.10
83.00
82.90
82.65
82.05
81.70
181.66
81.40
81.30
81.20
81.25
81.30
81.15
80.90
80.70
80.-60
800. 0
80.65
80.60

May.

80. 45
80.26
80.26
80.40
80. (5

80. to

81. (0
81. 60

81. l1o
81.210

80.80
80. '15
81.00
81.05
81.00
81. 00
81.35
81 i.
82.40

82.90
82.95
83.40
82. 90
82.35
82. 00
81.80
81. 75
81. 70
81. 70
81.85
81.95

June.

82. 00
81.90
81. 60
81. 40
81.30
81. 40
81. 40
81. 30
81.30
81. 6
82. 60
82. 70;
84. 05
84.85
84.90
85. 00
85'. 10
85. 10
85.30

i85 10
84.90
85. 15
85.50
85. 60
85. 45
85. 05
84.85
85.00
85.30
86. 35

July.

85. 40
85.70
86.80
86. 10
85.95
85.35
88. 30
89. 05
88.85
88. 45
87. 60
86. 40
84.956
84. 65
84.95
84.856
84. 65
84.50
84.55
85. 10'
85.15
85 35
85. 70'
86. 10
86.40
85.90
8n 40
85. 00
84.50
84. 75
84. 90

Aug.

85.90
85. 65;.
85. 30
84. 90
84.20
83.60
83.25
83.20
2.85

82.90
82.80
82. 50

I'82. 10

81.1581s. 16
I80. 80
80.55
80.45
80.35
80.65

1'80.95
81.20
81. 00
80.80
81.10
81. 60
81. 90
82. 05
82.35
82. 40
882. 30

Sept.

82.30
82. 45
82.95
83.30
83.40
83. 55

I8:3. 80
84. 10
83. 50
83.10
82.75
82.356
81. 90

181. 500
81.;20
80.90
80.60
80.45
80.035
80.25
80.00
79. 70
79.:30
79.10
79.0
79.00
78. 90
78. 70
78. 60
I~ 60.

Oct.

79.35
79 10
78 95
78. 80
78. 75
78.70
78. 6O
78. 55
78.150
78.50
78.60

78. 65
78 70
78. 6O
78. 50
78. 45
78. 40
78.15
78. 10
78. 10
78. 10
7S. 05
78. 16
78.30
78. 40
78.25
78.10
78.05
78.05
78. 10

Nov. Dec.

78.10 78.15
78.15 78.20
78.25 78. 30
78.35 78. 55
78. 40 78.85
78.50 78.80
78.60 78.75
78.70 78.60
78 SO 78.20
78. 80 78.00
78 70 77. 9
78. 60 77. 75
78 45 77. 6t5
78. 45 77. 70
78.45 77.85
78. 40 78.00
78.50 77.90
78. 45 77.85
78. 45 77.85
78.45 77.85
78.40 77.90
78.40 77.95
78. 45 78.00
78.45 78.00
78.45 78.05
78. 40 78.00
78. 30 77. 70
78.20 77.10
78. 05 77. 50
78.05 77. 10

........ 77. 10

datum plane. Gaup

Oct,

78. o5
78. 60
78. 60
78. 70
78. 80
78.80
78.80
78. 70
78. 60
78. 60
78. 65
78. 75
78. 58

I78. 85
78. 85
78.85
78.75
78.65
78. 60
78. 60
78. 35
78. 30
78. 25
78.15
78.10
78. 00
78. 00
77. 95
77. 90
77.80
77. 75

Nov.

77. 70
77. 65
77.60
77.60'
77.55
77. 50
77. 65
77. 70
77.85'
77. 90
77.0
77.80
77. 75
77. 76
77. 75
77. 75
77. 70
77. '0
77. 55
77. 60
77.Z50
77. 5077.X50
77. 56
77. 60
77. 75
77.80
77.60
77. 40
77.25

Dec.

77.15
77.20
76. 90
76. 65
76. 25
75.65
7a 55
75. 40
75. 40
75. 60
75. 65
75. 65
75.80
75.95
76. 05
76.15
76. 20
76. 40
77.35
87.10
94. 10
94. 40
94.20
94l30
93. 90
92. 50
90. 85
90.15
89. go
89.10
88 25

I

9.869604064

Table: Tabulated gauge readings at selected stations between Chain of Rocks and Cairo--Cont'd.
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188 WATERWAY, ST. LOUIS TO THE GULF AND CRICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
CHAIN OF ROCKS, MO.-Centisted.

1896.

[Gauge 10.42 miles from Eads

Day.

1
2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

87.30
86.20
85.30
84.05
82.90
82.30
81.90
81.30
80.85
80.46
80.10
79. 85
79. 70
79. 65
79. 65
79. 65
79.50
79. 5079.650
79. 40
79.30
79. 20
79. 15
79.35
79. 60
79. 60
79. 15
79.00
78.95
78. 85
78. 90

Feb.

79.10
79. 65
80.35
80.70
80.70
80.80
81.00
80.95
80.85
80.70
80. 60
80.40
80.90
82.65
83.40
82.95
82.60
82.35
82. 00
81.30
80.60
80.20
79. 90
79. 70
79. 70
80.10
80.60
81.40
81. 70

Mar.

82.10
82. 50
82.40
82.20
81.90
81. 75
81. 50
81.20
81. 10
81.00
80.90
80, 70
80.65
80. 40
80.30
80.154
79.90
79. 70
79.55
79.45
79. 40
79. 40
79. 50
79. 555
79. 65
80.30
80. 75
80.90
81.20
81. 80
81. 80

Bridge. Zero of ganuge 321.18 feet above Memphis datnm plane. Gauge
read at 8 a. m-.

Apr.

81.45
81. 05
80.80
80. Go

80.24
80. 11
80.06
80.05
80.35
83,95
85.40
85. 70
85.35
85.10
84.80
84. 5
84.20
83.85
83.20
83.10
82.90
82.66
812. 5
82. 65
82.65
83.20
83.70
84.30
85.30

May.

86.00
86. 20
86.30
80.30
86. 35
86.30
86.35
86. 60
80. 65
86.90
87.20
87.30
87. 00
86.70
86.30
86.20
8. 16
86.25
88.80
92.70
95. 60
96.60
97.30
98.20
98.90
99.46
99.00
99. 25
98.65
97.90
96. 85

June.

95.80
95. 5:
95.80
95.95
96.26
96.60
96.30
95.70
95. 80
95. 65
95.00
94.46
93. 40
91.60'
90.00
88.95:
88.80
90. 00
90. 40
90.40
90.20
89.75
89.10
88. 70
88.50
88.20
88.30
88.75
89.05
88.50

July.

88.60
89.05
89.15
89.40
89.80
89, 656
89. 05;
89.00'
89, 30
89.00
88.25
87.40
80 .95
86.50
85. 80
85. 30
85. 20
85. 30
85. 20
85.75
87.90
91.90
92.90
92. 60
91.30
90.05
89.20
88.30
87. 60
87.10
86. 65

Aug.

86.20
86.40
80.60
86.-90
87. 15~
87.20
87.20
87.10
86..65
80. 10
85.55
85. 10
85.00.
84. 56
84.00
83.70
83.35
83.15
8.3. 10
83.70
84.30
84. 80
85.30
85.00
84.60
84.35
84.10
83.60
83.05
82. 70
82.40

Wept.

82. 05
81.80
81.65
81.300
81.30
81.00
80.80
80.70
80. 65
80.40
80.30
80. 20
80.165
80.20
80.40
80. 60
80.46
80. 65
80.80
81. 60
82.15
82.90
83.30
83.15
82. 80
82.65
82.30
82.10
81. 85
81.65

Oct.

81.20
81.00
80.80
80.6580.56&80.655
80.60
80.40
80.36
80.25
80.20.80.25
80.30
80.30
80.60so. 60080.:66
80.35
80.16^
80.10
80.00
79.95
79.85
79. 76
79.65
79.60
79. 50
79.45
79.40
79. 40
79.35

Nov.

79.40
79. 60
79.90
80. 65
81.26
82.15
82.65
0-82.:300
81.85
81. 60
81.36
81.20
81.00
:so."g
80. 80
80. 76
80.80
80.85
80.90
80.t0
80.90
80. 80
80. 76
80. 60
80.55
80. 60
80.45
80.40
80. 30
80.20

Dec.

80.20
80. 16
80.30
80.65
80.30
80.00
79.70
79. 65
79.35
79.20
79. 16
79.20
79.40
79.60
79.85
80s.-10
80.46
81. 10
81. 45
81. S5
81.55
81.60
81.40
81.35
81.30
81.20
81.00
80.80
80. 75
80.70
80.70

1897.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datum plaze. Gauge
read at 8 a. m.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 80.70 79.80 85.10 95.60 102. 26 80. 50: 92.50 86.00 81.20 79.65 78.85 78,80
2 80.60 79.55 84.76 98.85 102. 45 86.15 92. 5 85. 804 81.00 79.50 78.90 :78.,70
3 81.20 79. 90 8.10 99.70 102.30 80. 30 92.5 85. 60 80.85 79. 60 78.85 78.^46
4 92.10 80.40 85.30 99.60 102.00 86.90 93.46 85.20' 80.70 79.456 78.80 :78 30
6 95. 60 80.70 87.00 99.60 101.25 87.70 93.05 84. 95 80.60 79.40" 78.'80 78. 00
6 95. 60 81.00 92.20 99.75 100.20 88.05 a92.05 84.80 80.55 79. 40 78.85 77.60
7 95.80 81.30 93.20 99.80 98.:86 88.:36 91.80 84. 60 80.65 79. 35 78. 90 76.95

8 94.80 81.8 990 9.5 765 88.45 91.45 84.40 806 93 9.10 ~76.6
9 92.36 82. 20 92.30 100.00 96. 55- 88.35' 91.756 84.66 80.50 79. 25 79.26 76.30
10 89.66 83.20 91.80 100.80 95.75 88, 10' 91i25 84.75 80.650 79. 20D 79,30 776. 46
11 87.30 83.90 90.90 101. I6 94.90 87. 85 o90.'10 84.35 80.45 79. 16 79.30 76. 60
12 85.30 83.90 90.45- 100. 80 94.00 87. 55 89.50 84.10 80.30 79."10 79.36 76. 70
13 84.165 83.86 89.90 100. 4 93.00 87. 16' 88.70 83.90- 80.15 79.10' 79.30' 76.80
14 83.65 85.00 89.70 99.056 92.20 86. 80 87.80 83.80& 80.05 79.05! 79.'25 77.20
15 83.10 84.80 89.20 98.90 91. 65 8.60 87.20 83. 80 79.96 79.00 79.25 77. 35
16 82.85 85.45 88.70 98. 30 91.00 86.60 86.75 83. 75 79.85 78.95 79.35 77. 60
17 82.90 85. 50 88.60 98.15 90.30 86.60 86.45 83.66 79.80 78. 90 79.25 77. 76
18 83.20 85.20 88.65 98.20 89. 70 86.75 86.55 83.655 79.80 78. 90 79.10 'n77. 60
19 '84.90 85.06 88.60 98.35 89.20 86.85 86.70 83. 46 79.76 78. 85' 79.00 76.25
26 86.00 84. 80 88.90 98. 26 88.70 86. 70 86.40 83.30 79. 70. 78.85 78.95 76.00
21 8B.40 84. 80 89.65 98.50 88.20 86. 40 86.05f '83. 15' 79.65t;3 78. 80' 78.95 76.90
22 86.60 85. 65 90.20 98. 70 87.70 86.35 85.70 83.05 79.60 78.'75' 78.'95' 76,60
23 86.85 87.00 96.95 98.95 87.35 87. 10 85.50 82. 95 79.60 78.765 79.00 75,60
24 86.30 87.30 91.76 99. 05 87.10 87. 65 85.40 82.80 79.66 78.70 78.96 ;76.-60
25 85.60 87. 35 91.85 98.75 87,00 87.65 85.90 82.60 79. 80 78.70 78.95 75.60
211 84. 40 87.10 93.20 98.30 87. 40 88.95 87.80 82. 40 79.85 78. 75 78.95 76.80
27 83. 35 86. 70 94.45 98. 35 87. 60 89.30 89. 40 82.15 79.80 78.80 79.00 76.20
28 82. 40 85.W 94.90 99. 16,- 87. 45 89 60 89.30 81.90 79.70 78.80 79.00 70.80
29 81.35 ........ 94. 85 100.30 87. 50 91.20 88.10 81.75 79.65 78.80 78. 95 77.30
30 80. 40 ........ 94. 70 101. bO 87.80 92.60 86.85 81. 55 79.60 78.80 78.9 77. 60
31 79.90 .. 94.66........ 87.30.. 86.25 81.35 ........ 78.80.. 77.80

* Reading changed one-half foot or more.
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Tabulated gauge readings at selected stations between Ohain of Rocks and Cairo ---Cont'd.
CHAIN OF 'ROCKS, MO.--Continued.

1898.
[Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datum plane. Gauge

read at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July.I Aug. Sept. Oct. Nov. Dec.

1 78.05 79.90 82.0 93.80 88.70 90.55 94.10 83.35 80.35 80.45 82.55 80.10
2 77.80 79.70 81.90 92.80 86.80 90.30 94.00 8.3.35 80.10 80.30 81.85, 79.70
3 77.50 79.20 81.80 91.30 88.60 90.90 93.20 84.60 719.90, 8005 81.35 79.45
4 77.50 a 81.70 90.10 90.45 91.65 92.05 84.50 79.76 79.90 81.00 792
6 77.70 a 81.665 89.40 92.00 92.00 91.25 84.10, 79.60 79.70 80.%80 78.80
7 78.250 81.35 89.70 92.30 91.70 91.05 83.500 79,60 79.250 80.806 78.8.0
7 77.25 a 81.435 89.45 92.25 92.20 91.00 83.600 79.66 79.40 80.76 78.80
8 78.3.5 (a) 81.30 89.55 91,85 90.90 92.80 82.00 79.90 794.10 81.10O 78.25
9 78.35 9.6 81.20 89,70; 91.35, 90.45, 93.05 82,76 80.60 79.00 81.'20 78.00
10 78.80, 79.80 81.20 89,80 90.90o go. 55 92.60 82,45 81.20 78.90: 81.30 77.00
11 79.90 79.70 81.30 89.65 90.25 9130 91.76 82.05: 82.20 79.00 81.60 76. 40
12 b90.30' 80.30 81.80 88.90 89.40 92.390 91.20 81.;80 82.30 79.26 81.65: 77.10,
13 80. 70 81.80 83,90 88.50 88. 45, 93.35 90,156 82.05 82,16 79.76 81.40 76.90
14 80.90 82.40 87.75 88.40 88. 10" 93.95 8.0 82. 40 81,70, 79.36 81. 10 76.75
16 80. 70 82.55 88.25 88,85 87.80 94. 10' 88.3,5 82.25 81.35 79.00 80.85 76,80
1880.5582.65 89.20 88~~.95 88. 45 94.60 8.5 82,50 813,35 78.75 80.80 77.25

17 80.30 82.66J 89.860 :88,45 91.95 96.0 80.40 82.25 82.70 78.65 80. 46 77,50
18, 80.10 82.85, 89. 45 87,80 9,4,00- 96.45 85.85 82,25 83.65 78.60 80.40 77.75,
19 79.90 83. 30' 89. 10' 87.30 94. 45 95.90 85.35 82,00: 83'.95 ~79. 10 80.35 78,10
20 80,00 83.90 88.90 86,90 94.00- 94.95 84,95 82.80' 83.25 80.05 8,2 78.30
21 80.50 85.15 89.50 88.40, 94.0,5~ 93.65, 84.90 083,65 82.60 81.60 80.25 78.65
22. 80.85 84,95 91.15~ 85.8 97.45 92.50 84.70 e83.65 82.00 82.90 80.35 79.70
23 81.10 84.20 95.80: 85.65 98.650 91.60 84.10o 82.95 81.70 83.2.5 80. 40 81.10
24 81.00 83.40 90.00 85M.65 98.15 91.00 83,80 82.25 82.25 M.3.15 81.10 82.10
25 80.80 82.95 955..30. 85. 70 97.15 90.40 83. 75' 81.80 82.40 82.80 81.60 82.75
26 81.00 82.60 94.30 86.50 96.15 89.90 83.90 81.65 82.20 82.25 82.60 83.10
27 81.60 82.30 93.30 89.00 9.5.00 90. 40 84.10 81.30 82.20 81.75 82.55 83.10
28 81.55 82.10 93. 40 89.00 '93.85I 92.30 83.70 81.10 81.80 82.00 81. 851 82.80
29 81.20 ......93.10 88.20 93.15 92.45 83. 45 80.95 81.20 83.00 81.10 82.55
30 80.80 ......93.25 87.25 92.655 93.50 M3.50 80.90 80.80 83.50 80.50 b 82. 15
31 810.50 .....93.655.....91.80 .....83.70 80.65lo.....83.25 .....81.76

* Ice reading doubtful. C Changed less than one-half foot. c Reading changed one-half foot or more.

1899.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datum plane. Gauge
read at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 80.70 75.80 80.80, 8.520 90.50 94.00 91.90 8.8 816 800 794 8.3
2 80.001 76.40 86. 35 85.00 96. 40 94.55 92.05 86.0 81.60 80.00 79.~~45; 80,~25
3 79. 45 76.80, 85. 85, 84.655 95.90 95.25 92.60 85.900 81. 45 79. 95 79.,70 80.20
4 79.50 77.76 85.506~ 84.500~94.~25 9'-5.25 93. 16 85.55 81.130 79. 90 79.80 80.20
5 79.60 78:125 85.060 84.7 9275 95.40 93.65 85. 36 81.20 79. 80 79.95 80.10
6 79. 60 78.35 85.00 85.'26 91. 76 95.140 93.85 85.135 81.10 79.76 80.15 80.05
7 79.50 78.55 84.80 85.501 91.20 94.8$5 94.26 85.10 80.95 ~79.65' 80.30 80.00
8 79.85 78.860 84.05 85.65- go.90 94.05 94. 30" 84. 80 80.90, 79.55 80.40 79. 95'
9 79.35 7&90 83.80 85.75 90.85 93.85 94,20 85.25, 80. 90; 79.60 80.655 79.90
10 79.655 81.85 84.00 86.00 90.76" 94.00 94.25~ 86.76 80.95 79. 40 80,65 '79.90
11 79.45 81.40 84.25 86.10 91.40 94.0 94.05 87.80b 81.10 79,40 80.80 79,85:
12 79.40 82.'20 84. 45, 87.45 92.10 94.40, 94, 76 87. 00, 81'.10 79.40 80.85 79.90
13 80.00 82.05 84.60o 88.60 92. 35 95.50 94.35 87.101 81.10 79.30 80.90 79.85
14 79.65 82.00 84,95 88. 30 92.60 95. 75' 93.70 87. 00' 81.05 79.25~ 81..00 79.945
15 79.40 82.10 80.00 87.60 92.25 95.10 93.00 86.60' 81. 00' 79.20 81.05 80.00m
16 79. 65, 82.10 87.900 87.40 91.76 93.86 92. 35 85. 75 80.90 79.115~ 8.95 79.80
17 79. 75 82.10 88.60 87.35 91.00 93.655 91.90 85.10 80.85 79. 25 80.90 79.45
18 79.65 82.00 88. 75 87.35 90.55 9,3.60 91. 70 84.60 80.95 79.2.5 §0. 95 79.40
19 79.55 81.80 89.45 87.40 89.85 93.65 91.60 84.20 81.15% 79.20 80.95 79. 60
20 79.50 81.50 90.865 88.05 89.50 93. 40 91. 40 83,855 $1.10 79. 20 80. 90, 80.15
21 79.60 78. 90 91. 35 89.00 90. 35' 93.20, 90. 90 83.60 80.90 791.15, 80,,80 79.'90
22 79.50 78.80 91.30~ 89.55 9140~ 92.80 90.1 83.:25 80.75 79.05 80.85S 9.6
2179.50 7.5 90.90 92. 35 93.40 92.10 89.45 82.85 80.65 79,0 81.5 9.2

241 79.55 78. 90' 90,20 94.75 94.60 91.50 '88. 90 82.50 80.55 79.00 81.05 79.05
251 79.60 78,60 89.40 95.95 -95.70 91.10 88. 56 82.25~ 80.50 78. 95 81.00 78. 76
261 79.55 79.80 88.60 96.60 96.20 90.85 8.8.00 82.05 80.40 78.90 80.80 78.60
271 79.40 83.95 87.55 96.70 96.00 91.00 87. 40 81.95 80.40 79.00 80. 65 78.20
28 79.00.8.0 85.95 90.10 95:4.55 91.80 80.65 81.70 80.30 79.625 80.45 77.350
28 79.25 8...... 85. 76 96.45 945.5 91.80 86.55 81.850 80.30 79.25 80.60 77.905
30 78.20 ......85.25 96.35 94.15 92.00 86. 20 81.60 80.20 79.75 80.35 76.75
31 76.30......85.10 ..... 94.10 ......85.90 81.50......70.55......75. 65



140 WATERWAY, ST. LOUIS TO THIE GULF AND CHICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
CHAIN OF ROCKS, MO.-Continued.

1900.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above femaphis datum plane. Gaup
rea(d at 8 a. ni.]

Day.

1

2

3

4

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

242
23

24

25

26

27

28

29

30

Jan. Fob.

75. 50 77. 75

76. 10 77. 30

78. 40 76. 65

80. 10 76. 75

50 77. 00

78. 00 77. 60
78. 77. 95

78. 70 79. 35

7& 60 81.-00
78. 95 81.80

70. 05 81.40

78. 80 81. 15

78. 85 81. 20

78. 75 80. 76

78. 80 80. 75

78.65 81. 15

78. 76 81. 10

79. 00 80. 30

79. 90 80.30
81. 50 80.65
81. 65 81. 40

81. 10 82. 06

80. 60 32. 45

80. 45 82.90O
80. 50 382. 70
80.650 81. 80

80. 40 81.3.5

80. 30 80. 90

680.900...
79.60.
79.18.

Mar.

81. 30
81. 00

80. 35
80. 60

82.30
87.&81. ("S
89. 15
90. o(
91.80

2, 5.
03. 50:
94. 25
94. 50
94. 60,
94.3
93. 60

92. 55
91. 35
90.20
89. (0
S9. 20
88.85
88. 10
87. 80
87. 45
86. 95
86. 65
86. 10
85.70

Apr.

85. 60
86. 15
80.15

86. 10

46

86 90
87. 60

30

88. 30

87. 90

87. 70

87.80
88.25'
89. 70

89. 95

89.25

88. 50

87. 80

87. 25

87. 40

87.90

88,05
88. 25

8.80
89. 10
89. 10

88. 80
88. 35

88.05

May.

87. 65

87. 40

87. 60

87. 70

87.60

87.

87. 90

88. 26
88.10
87. 90

87. 70

87. 55

88. 35

88.30

87. 55

86. 76
86.16
86. 10

86.40

86. 40

8630

86. 30
80. 35

86.40

8&05

85. 70

85.40
85. 10

85. 25

85.80

85. 70

June.

85.45

85. 45

85.40
85.10

8t 76

84.46

84. 20

84. 10

84. 00

83.80

83.65

83.40

83. 60
85. 20

8.00

85.25
84. 65

81. 10
83. 95

83. 95

84. 20

85.70
86.60

86.75
86. 65

86. 00
35.40

84. 75

84.15

July.

8&90

84. 00

83.90
84.00

"84 05

83.85
83. 70

83.60
83.40"
:83. 50:
83. 15'
83.35
83. 35
83. 00

82.75
82. 80

83.05
82. 85

82.60

82. 45
82.60

83. 25
84. 50
85.10
85.30

85. 40

85. 10

85.00
84. 70

84. 45

8L 30

Aug.

84.00
83 60

83.35

83. 05

82. 70

82. 30

82. 00
81. 5
81. 40

81.20
80. 90

80. 70

80. 60
80. 30

80. 20

80.10

80.10
80.20

81. 60

82. 00
82. 56
82.80

82.76
82. 70
82.00

8'2.
82. 50

82. 40

82. 45
83. 05

Sept.

83.20
83. 35
83.35
83. 35
83. 40
83. 50
83.10
82. 65
82. 25
82. 00
81.(;5
81.60
81.30
81. 15

81. 10
81.00
80. 90
80. 80
80.75
80. 85
81.00
81. 40
'81.65
81.75
81.80
81.80
82. (
82. 30
82. 90

83. 30

Oct.

83.60
84. 00
85. 05
8.5.70
85.76
85.35
85.165
85.30
85,65
85. So
84. 80
84. 20
83. 80
83. 60
83. 40
83. 30
83. 30
83. 30
83.40
83. 55
83.76
84. 05
84. 50
84 80
85.00o
.85. 0585.10
85.10
85. 06
85. 20
85.60

Nov.

85.40
84.80

860
84.650
84. 85
86. 10

85 90

8 .20

85. 70
85 40
85. 30
8&20
86.00U 80
84. 65
84.65

84.66M

84 80
84. 7
84 90
84 90
84. 86
84.90

84.90
84. 85
84. 65
84. 50

84.30
83.86

Deo.

83,30
82. 90

82. 65

82,26
82,00
81.85

81.60
81.50

81.35
81.30
81.20

81. 10
80. 95

80.75
80.60

.40

80.29

80.'05
79. 85

79.70

79. 55

79.35

79.35

79.25

79. 25
79. 20

79. 25

79. 25

79.10

7&M85
7&890

eReading changed one-half foot or more.

1901.
(Gauge 10.42 miles from Eads Bridge. Zpro of gauge 321.18 feet above Memphis datum plane. Gauge

read at8a.m.]]

Day. Jan. Feb. Mar. Apr. May. June. July. I Aug. Sept. Oot. Nov. Dec.

1 78.80 79.650 79.60~ 89.90 87.35 82.80 8020 82.16 7.6 79.1 95 87
2 78. 60 79. 40 79.35 90.00 87.050 82.;80 86.40 82.25 79.50 79.10 79.46 78. 70
8 78.50 79.30 79.15 90. n 86.80 83.80 85.20', 82.25 79.456 79.00 '79.40 '78.t;5
4 78.00 79.55 79. 30 90. 35 86. 50 84.60 84.00' 082.10' 79. 36 78. 95 79.30 78.60
6 77.76 79. 40 79170 90.45 80.25 84.80 84.20' 82. 05 79.30 79.00 79.'20 7 60
B 77.45 79.30 8.00 90.80 86.05 86.05 83.96 1.85 79.20 79.00 79.10 78.45
7 77.40 79.10 80. 20 91.00 8&680' 85. 30 83.70: `1.6579. 16 79.05 79.16 78.40
8 77. 50 78.60 80.76 91.30' 85.00 85.60 83.606 81.35 7.0 79. 10 79.10 7840
9 77. 90 78. 40 81 40 91. 60; 85.40 85.70 83.0o81.20 '79.05 79. 15 79 10° 78.60
10 78.45 77.70 82.60 92.80 86.15 8&546 84.66 81.10 79.00 79.16 79.16 7&50
11 78.85 78. 30 8&80 93.16 84.'90;-8.-20, t'84.6B0'; 81.00 78.95 79. 10, 79. 10 78.40
12 79.95 78. 40 88. 10 93. 256' 84.76 810 84.50 81. 00` 78.95 79. 25 79.20 78.3
13 80.10 78.50 89.00 93. 00- 84.65 8516 83.70 80. 90 78.90 79.25 79.2 78.40
14 80.30 78.45 89.20 93. 60 84.46 8.40 83. 60 80. 80 78. 856 79.116 79.16 78.60
16 80. 45 78,50 88. 90 93. 46 84. 25 86.05 ;83.40 80. 80,; 78.80' 79,10' 79.16 78. 30
18 80.30 78.655 88.60 93. 00 84.05 80.35' 83.35 80. 70' 78.'80 79."'10 79.1 77.65
17 80.30 78.60 88.40 93.60 83.90 80.16 83.36 80.00 78.80 79.26 .10 77. 05
18 80.50 78. 75 88.35 94. 10 83.80 85700 83.'356 80. 0 78 80 79.40 79.10 76. 10
19 80.35 79.00 88.20 93.90 83.65 85. 30 83.135" 80.50' 79.00 79.50 79.056 74.65
20 80.20 79.10 88.20 93.00 83.40 85.15 83.50 80.45 79.30 79.65 79. 00 74.60
21 80.0 78.85 88.10 92.00 83.20 85.15 83.85 80.40 80.10 79. 70 79.00 77.30
22 80. 05 b 78.600 t;88. 80 91.30t 83.70000 85.265 83.86 80.30 80.3679.870 78 0079.7079.00 78.t5

23 80.16 b 78. 70 89. 0 90.6 82.86 8&560 83 .40 80.30 80. 20 79. 5 79.00 79.10
24 80.20 78. 90 895.9 90.25- 82. 80 8.30 83.00 80.25 79.95 79.60 79.06 79.20
25 80.05 79.30 90.35 89. 70 82. 5 80 70 82.80 80.20 79.76 79.50 79.00 78. 46
26 79.90 80.00 90.50 89.20 83.20 8.86 82.60 80.10 79.60 79.46 78. 0 77.46
27 79.95 80.05 90.35 88.65 83.60 87.10 82.40 80.00 79.45 79.50 78.85 77. 40
28 79.90 79.70 90. 0 88.30 83.45 87.30 82.25 79.90 79.35 79.50 78.85 77. 40
29 79.85 ........ 89. 70 88.00 83.20 87.26 82.10 79.80 79.30 79. 50 78.80 77.40
30 79.90 .. 89.65 87.70 83.00 80 70 82.05 79.75 79.25 79.50 78 76 77.30
81 79.76 .. 89.70 ... 82.90 ......82.10 79.65 ........ 79.66 ........ 77U5

a Reading 1 p. w., 74.00. 6 Chmsod low than one-WIWL
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
CHAIN OF ROCKS, lO.--Contlnued.

1902.

[Gauige 10.42 miles from Eads Bridge. Zero o°f gange 321.18 feet above Memphis datum plane. Gauge
rea( at 8 a. in.]

Day.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

77.55
77.55
77.50
77.20
77.70
78.00
78.10
78.30
78.05
77.x85
77.90
77.90
77.75
77.20
77.20
77865
77.80
77.80
77.80
77.90
77.85
77.90
77,80
77.80
77.70
77.70
77.10
76.95
75.60
75.20
76.00

Feb.

76.00
76.10
76.50
76.15
76.45
77.00
77.70
77.90
78.50
79.15
79.50
79.60
79.60
79.445
79.80
79.90
79.90
79.70
79.60
79.45
79.50
79,45
79.40
79.15
79.70
78.90
78.3.5
78.45

Mar.

79.40
79.40
79,75
80.80
80.60
80.40
80. S6
81.30
82,20
82.60
82. 60;
82. 650
83.20
84.20
84.60
8&5.80
86.00
85.60
85.00
84.30
83.50
83.00
82.60
82. 40
82. 05
81.75
81.75
81.80
81.80
8!1. 0
81.90

Apr.

83,10
83.80
83.90
83.95
83.76

- 84.00
84.90
84 75
84, o
83.65
83.35
83. 10
82.80
82.60
82. 45
82.30
82. 10
82,05
82.10
81.95
81.55
81,25
81.90
82. 55
82.20
81.90
81.40
81.30
81.50
81.75

May.

8P1.80
82.00
83.05
83.90
83. 40
82.75
82.00
81,60
81,55
82.20
83.23
83.70
84.2;1
84.55
84. fiO
84.040:
84.30;
84.20
84. .50
84.855
84.60
84 .30.
84.30
84.65
8&5.26
85. g90
86.75
88.80
90.20
90.10
89.80

June.

89.50
89.30
90.80
91.30
91.10
,)0.90
90. 40
89.70
89. 40
89.80
90.60
91.40
91.2.5
91.70
92.60
92. 50
rt. 1(

91. 30
90.80
90.40
90.20
90. 15
90.00
90.00
90.40
90.90
92.60
92.90

July.

94.50
95.20
95.70
95.8,5
95. 40
94.;50o
93. 75
9;3. 25
9y3. 40
93.20
92.60
92.76
93s.90
95. 20
96.20
96. 75
97. 10
97.60
97.90
97.85
97.60
97. 45
98.00
98.30
98.40
98.50
98.20
97.30
96.45
9.5.40
94.60

Aug. Sept.

93.80 91.50
92.90 90.80
92.10 90. 10
91.30 91.00
g9.85 91.30
go.50 90.80s
90.40 90.10
9(.30 89. 10
89. 0 88.05
89.50 87.30
89.00 86.90
88. 40 86.40
88.20 85r.85
88.15 8.5.30
87,60 84.70
841.90 84.25,
80.60 83.75
80.50 83.50
86.90 83.20
87.40 82.80
88. 40 82,50
89.730 82.25s
89.65 82.05
89.75 82.00
89.70 82.80
89.75 M4.70
90.05 85.70
90.70 86.30
91. 40 87.30
91.71) 8.30
91.70 ........

Oct.

88.40
88.20
88.25
89.20
89. 70
90. 10
90.85
91.80
92.40
92. 10
91.30
9(). 50
89. 70
88. 90
88. 15
87.60
87.40
87. 40
87.60
87.90
88. 10
88.70
88.95
88.80
88.70
88.40
87.45
86. 35
85. 40
84.80
84.30

Nov.

84.00
83.70
83.40
83.20
83:10
83. 40
83.90
83.90
84.40
85.00
85.10
84. 75
84 30:
83.900
83. 70
83.50i
83,60
83 9o
84.80
85.70
86.20
86.30
86.10

85.70
85.80
86.00
86.15
86.6)
87.00

Dec.

86.90
86.30
86.10
85.90
85.95
86.00
86.20
86.40
86.05
85.50
84.70
84.100
84.00
84. 10
83,80
831.30
82. 80
82.90
83.'20
83.60
84.10
84.80
85.30
%B. 10
86.80
86.75
86.40
8;5. 80
85.10
84.10
83.20

[Gauge 10.42 miles from Eads Bridge.

Day.

1
2
3
4
a
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

82. 60
82.10
82.20
82.65
82.80
82.80
83.20
83.25
83.00
82.40
8.. 10
81.40
80.00
80.00
80.00
80.10
80.60
81.30
81.65
82.05
81.95
81.80
81.85
81.80
81.70
81.40
81.76
83. 50
83. 90
83.80
83.85

Feb. I Mar.

83. 70
83.30
83.70
85.20
88.05
88.25
87.30
86. 65
85.80
84.90
8-.30:
84. 40;
84.80
84.75
84.60
84.40
83. 55
83.00
82.20
82.10
82.10
82.20
82.30
82.35
82.60
82.80
83.40
86.70

87. 70
87. 85
88.30
89.10
89. 65
89. 70
90. 30
92.00M
95.50
96. o0
96.80
96.50

I95.1.90
95.60
95.') 80
95.50
94.70
95.00
94.90
94. 70
95..50
95.65
95.20
95.20
95.00
94.50
94.00
93.40
92.90
92.30
91.90

Apr.

91.60
91.40
91.30
91. to'
91. 90
93.00
93.50o
93. 6

93.00
92. 70
94. 10
95. 000
95. 30
95. 50
95.40
95.20
95. 90
95.55
94.80
94.60
94.70
94.20
03.50
92. 90
92.30
91. 70
91. 10
90. 65
90.20

1903.

Zero of gauge 321.18 feet above Memphis datum plane. Gauge
read at 8 a. in.)

May.

89.80
89.70
89.40
89.20
88.85
88.60
88. 50
88.33
88.40
88.60
88.40
88.10
87.85
87. 70
87.40
87. 60
88. 90
91. 10
92.10
92.45
92.05
91.70
91.50
91.35
91.80
93.20
95.40
95.65
95.55
95.90
96.80

June.

99.30
101. 30
102. 75
104.05
I105.6
to(). so
109.30
1I10.; 10.
i110.20
110.60
110.45
110.20
109. 30
108.20
106.30
104.'60
102. 80
101. 50

98. 70
98.10
97.40
96. 60
96.10
95. 60
95.20
94.30
93.20
9'2.10
91.60

July.

91.65
91. 40
90.70
89.90
89. 30
88.70
88.30
88.20
88.30
88.30
88. 30
88.05
87. 50
87. 20
87. 60
88.10,

I89.20
90.20
90.80
90gO.30:
89.90
89.80
89.90
90.10:

I90. 50
91.30
91.45
90.70
90. 00
89.60
88.90

Aug. Sept.

88. 30 89.30
87. 70 90.80
87.30 91.15
87.60 91.10
8&.6 0 90.80,
86. 50 ;90.20
87.40 89.400
88. 10 -89. 00
88.35 89.10
88.40 ;88.60
88.60 88.70
88.40 8.90
88.60 .91.30
88.055 Y'.91088.70 91. 70
89.05' 9'2.30:
88.60 92.355
88.70 91.90
89.00 91.80
89.10 91.85
89.20 91. 35
89. 15 90. 60
88. 70 89. 75
.8.05 89. 10
87.60 88. 0
87. 40 88.30
87.15 88.30
87.20 88.55
87.50 88.70
88.15 88.80
88.70 ........

Oct.

88.80
88.85
88. 90
89. W0
89.25
89. 40
89. 65
90.25
91.60
9t2.40
93.60
93. 40
93). 20-
92.80s
92. 40
91.90
91.20
90.80
90.30
0.00

89.20
88.70
88.40
88.20
88. 10
88. 10
87.90
87. 70
87.60
87. 50
87. 50

Nov. IDec.
87.30
87.20
87.00
86.85
8.767
86.75
87. 10
87.30
87.25

86.80
86.40
85.95
85. t0
85.30
85. 05
84. 90
84.50
84.20
83.85
83.60
83. 40
83.20
81.95
82. 70
82. 50
82.20
81.90
81.70
81. 45

81.40
81.20
81.00
80.80
80.60
I8S0.60
80.46
80.30
80.'20
80.25
080. 00-
79.' 7079.0 30
78. 50
78.30
78.00
77. 70
77.50
77.50
78.10
78.60
78.90
79. 10
79. 70
79.90
79. 70
79. 70

a79. 60
80.20
80.60
80.60

* Reading changed one-hal foot or more.

i jk



142' WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulaled gauge readings at selected stations between Chain of -Rock. and C!airo-Oont'd.
CHAIN OF ROCKS, MO.-Continued.

1904.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datum plaum. Gauge
read at8 a. in.]

Day.

1

2

3

4

6

7

8

9

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

291
.30

31

Jan.

R0. 70
80.75

80.40

79. 70

79.40

79. 65

79.60

79, 75

79.55

79.60

79.60
79.50

79.70

79. 75

80.00

80.10

80. 05

80.35

80.45

80. 30

81.00

83.50

86.40

87. 50

87. 20

86. 95

85. 90

84. 55

83. 95

83.30

82. 60

Feb.

82.00

81.'40
81.50

81. 35

81.50

81.05

82. 10

82. 10

82. 20

82.75
83. 20:
83.5

83._55:
83.

84. 00'
83.70~

83.30

82. 90

82. 50

82. 70

82.65

82. 10

81.80

81.90

82. 10

82.20

82. 30

82.20

81. 95

Mar.

81.80

81.70

81. 70

81.80

82.00

82. 60'
82. 90:
83. 10

83.60

83.80

84. 20

84.'70
84.70

84.80'

84.50

85. 10

85.45

8.5.60

85. 60

86.00

87.40

881.60

89.40

91, 10

91.85

93. 90

95. 10

95.80

93.9W

Apr.

95.80

95.50

95. 10

94. 50'
93. 90

93.40
92.70
902.40
92.20

93.40

93.900
94.50

~94.70:
94,50

94.40~

94. 40

94. 20

95. 50

15. 70

95.20

94.80'
94.'90
95. 10,
95.80

100.00

1012.80
104. 20

10

105.80

105.70

May.

105.20

104.65;
103.90

102.85

101, 60

10

98.80

97.60

97.50

97. 35

96. 70

96. 15

95.25:
94.30

93. 60

92.85

92.40
92.65'
93. 10

93.30

92.70

92.'00
91.40

90.70

90.35

90.00

89.70

90.10

90.00

90.50

92.30

June.

94.30

95.50

95.20

94. 20

95. 60

98.60

99.80

99.9go
99.00

98. 00

97.10
96.40,

95.60

9-5.30"
95,40"
96.00'
96.10"

95,6

95.60

95.75

96.30

95.90

94.80

94.10

93. 10

92.40

92.40

93.25

94.45

July.

94.90

94.20

93.70

93.30

92. 90

92.40

91.75

91.'55
94.00

96.30

98.00

98.900
99. 05
98. 30

96, 40,
94.50

92.95W

92. 00'
91.65

91.20'
90.'10
89.16

88.70

88. 70

88.65

88.20

87.40

83.80
86.30

85.80

Aug.

85.60

85.20

84.90

84.65

84.55

84.40

84.00

83.60

83. 20

82. 90

82. 65

82.40)
82. 10

82. 16'-
82.

82. 50

82. 60

82.40
83.30

84.50

84. 25

84. 55

85.00

84.80

85.10

8500

84.30

83.40

82.70

82. 20

Sept.

81.90
81.65

81. 50

81.60

82.10
81.80o
81.50

81.30

81.20
81.30

81,40
81.35

81.,10
81. 16
81,00
80'90

81.00

81. 60

82.30,
83.16al
84. 261
84.40

83.81)
83.

83.110
83.60

84.05

84.00

84.05

84.60

O~ct.

84.50

84.00

&3.85,
83.40

82. 90

82.60

82,650
82.'50
82.20

82.00

82.00

81.85

81.70
81.60

81.35
81.30

81.20

81.20
81.10

81. 10
81. 20

81.20

81.30

81.650
81.70

81.95

82. 16

82.50

82.85

83.30

83.40

Nov.

83.40
83. 30

83.20

83.10
83.00

82.85

82. 70

82. 65

82. 50

82.50

82.45

82.30

82. 26

82.10

81.95

81.85

81."70
81.55

81.40

81. 30,
81.10

80.900_
80.80

80.70

80.50

80.40

80.25

80.10

80.00

80.00

Deo.

79,80

79.70
79. 60

79.50

79.40

79.10

78.90

78.80

78.90

78.90

78.70

78.3W
77.50
77.30

77. 10

76.80

76,20

76, 90

'76.90o
75.70

76.75

76.50

76 20'

,77.00
77.70

77. 30

75. 65

76.30

75.30

1905.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datum piano. Gauge
read at 8a.nm.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Deo.

1 75.30 84.00 89.30 89.80 89.70 90. 40 93.90 91. 50 84.30; 86,70" ~85.00~ 83.70
2 75.85 83.90 89.40 90.40. 88.70 90.20 93.80: 92. 10 84.20 86.00 85.00 83.80
3 77.30 83. 40 89.70 90. 20 88.10 90.30 93.80 92.50 83-390 85.60 85.10 83.50
4 77.80 84. 30 89.60 90.10 87.40~~90.70~ 94.10 92.40, 83.70, 85.20 85.20- 83.30
6 77. 40 84. 40 90. 90 89.90 80.60; 91.40 95.30' 91.60 83.30 84.90 85.20 83.'00
6 77.80 84.35 90.20 89.35 86.00 91.90, 95.90 90 80 83.20 84.60 85.70 82.70
7 77.60 84.10 89.60 88.70 85.10 91.60 96.40 89.90 83.30 84.20 86.20 82.30
8 77.00 83.70~ 89.'10' 88.10 84.60, 91.00' 96.20 88.90 83.40 83.80 86.20 81.80
9 77.20 83.80 88. 70 87.70 84.10 go.40 95.70 88.50 83. 40 83.40 85.90 81.401
10 76. 70 83.60, 88.35 87.30, 83.90 90.1 0&9540 88.20 83.30 83.3 85.&80 8100
I11 76.00 83. 40' 88.30 87. 00' 84i W9.80' 95.30: 87.80 83.40 83.10 85.60' 808
12 70.00 83. 40 88.40 86.'80 84.60 89.0 9560" 87.20 84.20 82.90 85.70, 80,60
13 75.60 82.90 88.20 86.71) 84.6 90.0 98.10 86.60 85.10, 82.70 85.00i 80.504
14 75.15 82.90 87.20 86.60 85.30 91.60 98,70' 86.40 84.50~ 82.50 85.601 8.70
165 74.90 83.05 86,50 86.60 80.80 92.2W 97.10 85.90' 84.00 82.30 85.0OD 80.80
16 74. 80 83.10 86.00 86.70 88.60~ 2.'30 96.60 85.'30 84.00, _-82. 10. 84.50 80.70
17 75.35 83.00 85.70 86.,80 90.80 92.10 95.40 85.00 ~80.00J 82.00 84.00 80.70
18 76.00 83.10 85.60 86.8090.90 91.60 93.80 84.70~ 95.00 8410 8370' 80.70
19 76.60 83.00 85.60' 80.5 91.30 91.20 02.50 84.90 98.60~ 89. 90! 83.40 80.90
20 77.20 82.90 8.5.30 86.20' 92.30 91.80 91.50 85.50 100.70 88. 40 83.40 80.90
21 77. 50 82. 80 85.20 86.00 92.00 92.00 90.90 85.60 ~101. 87.00 83.60 81,10
22 78.00 82.80 85.60 85.80 91.20 91.80 90. 40 85.90 101.10 87.00 83.30 81.00
23 78.25 82.90 80.40 80.00 90.60 91.560 89.80 87.'00 100. 10 86.80 83.00 81.00
24 78. 56 83.30 87.10 86. 40 90.30 91.60 90.00 89.30 98.00 86. 50 83.00 80.90
25 79.30 83. 70 87. 40 86.70 89.80 92.20 90.50 89W.6 95.10 86.10 82.90 80.80
26 81.30 84.60 87.70 87.10 89.60 92.70 91. 20 89.20 93.10 86.80 82.80 80.70
27 83.20 86.90 88.00 87.60 89.50 92.80 91.00 89.00 91.50 87.50 82.70 80.60
28 83.80 87.90 88.40 87.90 89.80 92.80 90.'00 88.40 89.70 86.50 82.70 80.60
29 83.70......89.00 88.00 90.00 93.10 89.50 87.20 &88.20 86.10 83.00 81.10
30 8.3.70 ......89.20 89.00 90.90 93.50 89.40 86.00 87.20 85.80 83.40 81.20
31 84.00 ......89.05 ......90.90 ......90.70 84.90. .8640 ......81.40
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Tabulated gazige readings at selected stations between Chain of Rocks and Cairo-Cont'd.
CHAIN OF Rtoci;S, MO.-Continuied.

1906.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphlis datum plane. Gauge
read at 8 a. m.]

Day. Jan.

81.5
81.4
81. 7
82.7
86.7
87.7
87.3
86.6
85.4
84.2
83.2
82.8
82.5
82.3
82.1
82.2
81.8
81.7
81.8
81. 9
82.4
83.7
84.5
8.5. 8
86.0
85.8
85. 6
85.5
85.5
85. 8
86.2

Feb.

86.7
86. 9
86.7
85.9
85.3
84.6
83.9
83.2
83.0
82. 8
82.4
82. 3
82. 3
82.6
8&2.5
82. 4
82.5
82.8
83.1
83.4
83.6
83.7
84.7
86. 9
89.2
90.9
92.2

........

........

........

Mar. Apr.

93.4
93.8
94.2
93.6
92.2
91.4
90. 7
90.4
90.4
90.2
89. 9
89. 6
89.3
88.9
88.6
88.0
87.3
86.8
86.5
86.1
85.4
84.9
84. 6
84.7
84.9
85.1
89.5
93.3
94.9
95. 9
96. 6

90. 3
95. 7
95.3
94.8
95.2
95.0
94.7
94.7
95.2
95.4
95.1
94.7
94. 8
96.6
97. 2
96. 6
96. 1
95.7
95.5
95.2
95.0
94.5
94.0
93.6
93.6
93.3
93.0
92.8
912.6
92.4

........

May.

92.4
92.4
92.4
93.5
92. 2
92.3
93.2
93. 7
93.0
92.1
91.3
90. 8
90.3
89. 8
89. 4
88.8
88.2
87.6
87.3
87.0
86. 6
86. 3
86.1
86. 0
86..0
85.8
815.8
85.8
86.1
83. 0
86.5

June.

87.0
87. 7
88.1
88.5
89.0
89'.0
89.6
90.1
90. 7
91.2
91.3
90.890. 490.4

90.2
89.9
89. 6
89.4
89.4
89.9
90. 8
91.f5
92.2
912.5
92.7
91.8
91.0
91.0
91.3
91. 3

........

Julv.

91. 1
91. 1
91. 3
91.2
90. 8
90. 4
90. 2
89.9
89. 4
88. 9
88. 3
88.0
87.6
87. 4
87. 1
87.0
86. 7
86. 5
86.1
85.7
85. 6
85. 6
85.6
85. 9
86. 7
86. 9
86. 2
85.9
85.2
84.8
84.3

Aug. Sept. Oct. Nov.

84.0
84.0
84.3
84.1
83.9
83.7
83.7
83.8
83. 8
84.0
84.3
84.5
85.1
85. 7
86.1
86.1
85.7
85.2
84.8
85.1
85.1
84.9
84.5
84.1
83.9
83.9
85. 7
86.1
85. 3
84.8
84. 4

84.0
83.7
83. 6
83..4
83.2
83.2
83.1
83.1
83.1
83. 0
83.1
83.3
83.1
83.0
82. 9
82,8
82.8
82.8
83.0
8.3.2
83. 1
83.1
83.1
83. 7
84.5
84.8
84.9
84. 9
85. 2
85.2

........

85.2
85.5
85.8
85.8
85.5
84.5
84.0
83.7
83.5
83.2
82.9
82.6
82.5
82.5
82.3
82.2
82.1
82.0
81.9
81.8
81.6
81.5
81.4
81.4
81.2
81.1
81. 1
81.0
81.0
80. 9
81.0

81.3
81.7
81.9
82.1
82. 2
82.2
82.2
82.4
82. 4
82.6&
82,7
82.7
82.682.682. 6

8U). 882. 6
82. 7
82. 9
82.7
f2.7
83.1
83. 4
83. 4

I83. 3
83.1
83.1
83.0
83.0
83.0
83.0

........

Dec.

83.2
83.4
83.7
83.8
83.8
84.2
84.4
84.2
84.0
83. 7
83.5
88.3
83.3
83.1
82.8
82.5
82.2
81.9
81.4
81.0
81.2
81.0
80. 7
80.2
79.8
79.5
79.2
79. 1
79.2
79.7
80. 1

1907.

[Gauge 10.42 mile from Eads Bridge. Zero of gauge 321.18 feet above Memphils datum plane. Gauge
Yea at 8 a. m.]

June.

86.8
87.0
87.9
90.3
91.9
92. 5
92. 5
91.5
91.2
91.2
91.8
92.4
93. 8
94. 2
93.9
94.8
93.7
92.8
92.2
91.8

091.7
91.3
91.3
92. 0
93. 7
94.0
95.2
95.2
94.9
94. 4

........

July.

93. 9
93.3
92. 0
92.2
91.4
90.7
90. 8
91. 1
91.3
91.3
91.3
91.3
91. 5
91.9
92. 6
92. 8
93. 4
95.0
95. 9
90. 2
96. 6
97.4
98.0
98. 5
98. 8
98. 7
98. 2
97. 6
97. 4
97.2
97.2

Aug. Sept. Oct. Nov.
..iI

96.3
95.1
93.7
92.8
92.2
91.6
91.0
91.0
90. 8
90. 5
90.1
89. 5
89.0
88. 7
88.4
88.4
87.9
87.9
88. 5
89.3
89. 5
89.3
89.0
88. 6

a88. 4
88. 7
87.8
86.8
86. 4
86.3
86.1

86.0
86.0
85. 9
85.8
85.9
85. 8
85. 6
85.4
85.*0
84. 5
84.1
83.8
83. 6
83. 3
83.2
8S.0
82. 8
82. 7
82.3
82.2
82. 0
81.9
82.1
K. 3
82. 5
82. 6
182. 8
82. 9
82.9
82. 9

82.9
82.9
83.2
83.9
84.4
84.4
84.5
84.6
84.9
85. 3
85.4
85. 5
85. 3
85. 0
84. 5
84.2
83.8
83. 4
83.1
83.0
82. 7
82. 5
82.2
82.1
82.0
81.9
81.9
81.6
81.5
81. 4
81.3

* Reading changed one-half foot or more

1
2
3
4
5

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
,24
25
26
27
28
29
30
31

Feb. Mar.Day.

1
2
3
4

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

80.5
80.9
81.3
82.0
f82.9
83.5
83.8
83.9
83.8
83.8
83.7
83.7
83.7
84.0
84.6
84.7
85.8
88.4
90.3
94.0
C6.7

97.1
97.3
96.6
95. 6
94.1
92.56
91.0
89.9
89.2
88.6

88.2
87. 8
87.1
86.3
8&5.6
84.7
83. 7
82.6
82,0
82.0
82.1
82.3
83.0
8.3.9
84. 9
84.6
84.6
85. 0
85. 4
85. 2
84.9
84.9
85. 6

86. 6
87.3
87.6
87.6
87.6

........

........

........

Apr.

88.9
89.2
89.2
89.0
88.9
88.9
88.9
88.7
88.9
88.9
88. 9
89.2
90.5
90.6
90. 4
90.2
90.2
90.2
90.5
91. 1
91.8
91.9
91. 4
91.6
91.6
91.2
90.9
90.1
89.5
89. 5

87. 6
87. 3
87.0
86. 7
86. 5

86.5
86. 6

86.1
85.8
8n.o
85.8
86.4
87.9
90.0
90.3
89.7
89.1
88.9

88.7
88. 7
89.0
88.3
87.6
87.3
87.1
87.0
87.0
86.8
86.8
87.8
88. 2

May.

90.3
90.6
90.7
90.5
89.8
89. (
89. 6
90.2
91.0
91.3
90. 8
90.1
89.1
88 5
88. 5
90.7
92.3
92. 5
92.2
90.7
89.7
88.9
87.9
87.3
86. 7
i86.3
86.2
86. 9
87.0
86. 9
86. 8

Dec.

80.6
80.5
80.5
80.4
80.4
80.2
80.2
80. 1
79.9
79.9
79.9
79.7
79. 7
79.7
79. 7
79. 8
79.9
80.0
80. 0
79.9
79.8
79. 7
79. 7
79.8
79.8
79. 6

79. 6
79.6
79. 5

79. 4
79.4

81.3
81. 4
81.2
81. 1
81. 1
81. 0
81.0
80. 9
80. 9
81.0
80.8
80. 8
80. 7
80.7
80.6
80. 6
80. 6
80. 6
80. 6
80. 5
80. 6
80. 6
80. 6
80. 6

18. 5
80. 5
80. 5
80. 6
80. 6
s0. 6
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Tabulatrd gauge r~eadbigs at selretedl stations between Chain of Rocks and C2airo--Cont'&
CIIAI N OF ROCKS, MNO.- Continued.

1908.

(Gauge 10.42 miles from Eads Bridge. Zero of gauge 321.18 feet above Memphis datumn plane. Gauge
read at 8 a. mn.]

Mar.

88.30

88.20

188.50

89.30
89. 50

89. 50

90. 30

91.

91. 70

91. 70

91. 70

91. 50

91. 10

00.80o
90.30

89. 90

89. 60

89. 20

8I8.90

70

88.-10

88. 00

87. 60

87. 50

S1k
86. s0
87. 00

87. 00

'86. 70

Apr.

80.50

86. 30

86. 30

86. 60

86. 60

86. 50

86). 50

86. 70

87. 40

8.8.90

90. 10

90. 80

90.80o
80

90. 90

90.70

0

89. 60

88. 70

00

87. 50

87. 30

87. 00

87. 40

87.

80

.10

88.90

IIS.90
88.40

IMay.

87. 80

87. 40

87. 00

87. 00

87. 40

88. 20

88. 90

89. 60O
90. 30

91. 00

91. 60

91. 40

90.80

90.60

9.).60
92. 60

91. 20

95.

95. 30

95.

94. 50

94.

94. 00

94. 00

93. 60

93. 80

95.

97.. 10

9&

J lne.

98. 90

99. 30

99. 90)
101. 00

101. 30

101. 30

101. 40

.10

101. 40

101. 50

Io 60

102. 00

102. 60

103. 00

103. 70

104. 80

105' so

11)5. 0

106. 10

106. 10

106l.
105. so

103. 30

10-1. 70

10.1. 20

103. 90

103. 70

10)3. 20

102.

101. 80

July.

101. 30

101. 30

11)1. 70

102. 00

1012. 10

102. IX)

89
ItO

99. 31)

98.

98. 00

97. 80

97. 60

97. 10

96. 30

95. 30

91. 30

931. C;0
9:3. 70

91'.
94.

93. 50

92. 80

92. 30

91. 90

9j1.
91. s0
91. 80
91. so0

Aug'. Sept. I Oct. Nov. Dec.

........ ........ .......

........ ........ ........ .......

........ ........ .......

........ ........ .......

........ ........

........ ........ ........

........ ........ ........ .......

........ ........ ........ .......

........ ........ ........ .......

........ ........ .......

........ ........ ........ .......

........ ........ ........

........ ........ ........

........ ........ ........ .......

........ ....... ........ .......

........ ........ ........ .......

........ ........ ;........ .......

................. ........ .......

........ ........ .......

........ ........ ........ .......

................. ........ .......

........ ........ ........ .......

........ ........ ........ .......

.. ........

........ ........ ........ .......

........ ........ ........ .......

........ .......

........ ........ ........ .......

........ ........ ........ .......

........ ........ ........ .......

BISSEILLS POINT, MO.

1880.

[Gauge 3.30 miles from Eads Bridge. Zero gauge. 320.36 feet nbove Memphis datumn plane. Gauge
read at about noon.)

DayJ Jan. Feb. MIfar. Apr. May. June. July Aug. Sept. Oct. Nov. IDcc.

1.......... .......K ..... 8-5.00 91. 00 85.10 79. 60 79 20 75.90 71. 00
2 ... .............. $5 80 91.50 84 60 79 80 79)60 75.50, 71. 40
3............... ...... I SC6. 90 92. 10 84. 10 79 90 79 70 7.5.70 71.70
4.....8C. 90 92.'90 83.60 81.00 79 80 75.(6O 71. 90
5 ..........S6. 10 93.10 8I 30 81200 80 00 7-560 72 30
6 .............. 8600 93 80 8.3 00 81.80S 801I0 7560 72 90
7... ~~~~~~~~~~~~~~~Stl.80 9.0 82. 70 83. 60 8000) 7sc60 72 90

8........................86.50 94. 40 82 50 81.50 79 80 75. 50 72. 60
9 ................ .......86. 10 94 40 82 410 82 20 79110 75 410 72 30

10 .........8............6 20 94. 50 82. 20 82 80 79030 7.540 72) 20
III .........1............. 87 20 94 60O 82 10 83.00) 79 (Xl 75. 60 72 10
12............... .............. ........ 88 70 94 70 81. 90 82 50 78 80 75 70 72 40
13 .....I......................:: : 88 80 94. 70 8100C 81.80o 7700O 7.5.60; 72.50
14 ......... .... ........ S20 94,50 81.30 81 10 7760 7560 72. b0,
15....................8760 94 20 81. 10 80 50 77 40 75 70 73 00
16 ........ .:.. ....8760O 94 10 80 80 80 00 77 10 75 90 73.40
17 ...............87 10 93 70 8060O 79 40 77 00 76 00 73 80
18 ........'....86...... . ... .SO.70 93. 10 80.10 79 00 76 7(1 76 20 74. 10
19.... .............. ....86 30 92 30 79 SO 78 Go 76 40 76 10 71 0O
20........... ....86 00 91. 80 79 40 78 40 76. 20 75900 74 20
21 .......................86. 00 91. 00 79 10 78 20 76. 20 75. 80 71 00
22.......................386 40 90020 78 70 77 80 76.30 75 60 73 60
23 .......................8760 89 70 78. 40 77 110 70. 40 74,90 73 40
24 .......................88.00 89 40 78. 20 77. 50 76.6(0 74. 20 73,:0
25 .... ................. 8S20 891)0 78 00 7760; 76 70 7360; 73 0
26....88.10 8.S. 60 7780o 77 80 76 70 72.90 73 0
27....8930 88 39 77 70 78 00 76. 50 71. 90 73 0O
28.....9 20 87 70 77 70 78. 00 76 40 71 30 72 1-0
29.90................... 60CA 87 00 77. 80 78. 20 76 30 71. 00 7 1 0'
30.....................90 80 86 20 78. 50 78. 50 76.20 70. 90 73 10
31 ......................90.90 85. 70 79. 40 .....76. 00 .....7460

Day.

1

2

4

5

6

7

18
10

11

14

15

16

17

18

29

231

Jan.

79. 60

79. 80

79. 80

79. 80

79. 80

79.

79. 80

79. 70

79. 50

79. 30

79. 30

79.

79.

79.

79. 70

79. 70

79. 50

79. 40

79. 40

79. 40

79. 00

79. 00

79. 30

79. 70

79. 60

79. 70

79. SO
79. 80

79. 80

79. 20

7& 89

Feb.

79. 00
78. 00
77. 80
77. 60O
77. SO
77. 80
78. 10
78. 6O
79. 20
79. 20
79. 30
79. 70
79. 70
80.40
82. 30
85. 50
86. 90
86. 90
87. 10
87. 80
87. S0
87. 30
87. 10
80. 70
80. 30
80. 50

S8.50
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Tabulated gauge readings at selected stations between Chain of Rock8 and *airo--Cont'd.
BISSELLS POINT, MO.-Continued.

1881.

[Gauge 3.30 mIles from Eads Bridge. Zero of gautge 320.36 feet above Memphis daturm plane. Gauge
read at about neon.]

May.

100. 40
100.60
101.30
102. 10
102. 60
102. W0
102. 90
102. 30
100.90
98. 10
97. (H0
95. 80
95.0(
94. 0
94. 60
94. 20
93. 70
93. 50
93. 50
93. 50
93. O0
93. t0
9:3. 21)
93. 00
93. 20
913.15!)
93. 40
93. 00
92. 30
91.50
90.,50

Jule.

893. .50
89. 20
88. SO
as. 00
89. MXM> (J0

89. 70
89. 20
89. 00
89. 10
89. 10
89. 40
90. 10
90. so
90. 70
90.6O
90. /(0
91. 10
92. 20
93. 20
93. 00
93. 00
9;3. 00
93. 00
93.00
92. 80
92. 40
92. 00
91. 6O

July.

91. 20
91. 40
92. 40
93.00
93. '20
9:3. 00
92. 60
91.50
0. 40

89. 20-
88.00
87. 00
86. 40
86. 00
86. 80
87. 0
88. 70
89. 30
89. 70
90.00
90.30
90.50
90.50
90.K.)
90.30
90. (10
89. 20
87. 80
S. 20
85. 20
84. 50

Aug.

84. 10
83.80
83. 50
83.10
82. 70
82. 40
82.00
81. 50
81.00
80. 70
80. 20
80.00
79. 60
79.30
79. 00
78. 60
78. 40
78. 20
78. 00
77. 90
77.80
77. 70
77. 60
77. 60
77.50
77. 40
77. 30
77. 10
77. 00
76. 80
76. 60

Sept.

76. 50
76.40
76. 30
76. 30
76. 30
76. 30
76. 40
76. 40
76. 60
76. 60
76. 90
77. 10
77. 40
77.60
77.80
78. 10
78. 40
78. 80
79. 10
79. 20
79. 30
79. 40
79. 50
79. 70
79. 90
80. 10
80. 30
80. 60
80. 80
81.00

81.30
82. 30
84.60
85. i0
87. 70
87. 70
87.80
88.00
88. 10
88. 20
88.50
88. 7088.90
88.90
88.80
88. 50
88.10
88.20
88.80
90. 00
91.00
92. 00
92. 40
92. 60
93. 10
93. 30
93. 50
93. 40
(3. 10
92. 80
92. 50

Nov.

92. 30
92. 40
92. 50
92. 60
92. 70
92. 80
92. 90
92. 90
92. 90
92. 80
92. 70
92.50
92. G0
92. 70
93. 10
94. 20
94. 50
94. 60
95. 10
97. SO
97.80
97. 10
96. 20
95. 50
94. 60
93. 70
92. 50
91. 40
90. ,0
89. so

Dec.

89. 20
88.60
88..00
87. 70
87.30
87. 00
86. 60
86. 10
85.80
85. 50
85.10
84. 90
84. 60
84. 5t
85.20
86. 50
86. 80
86.20
85. 50
85.00
84. 70
84. 20
84. 20
85. 00
86. 00
80i. 50
86. 50
86. 40
86. 00
85. 70
85.40

1882.
[Gauge 3.30 miles from EIads Bridge. Zero of gaiigc 320.36 feet above MeinphIs datum plane. Gauge

read at about noon.]

May.

93.30
93.40
93.20
92. 70
!92.00
91.60
91.40
91.30
91.30
91.40
92.20
92.80
92.80
92.80
92.-0
92. 70
92.60
92. 40
92.20
92.10
92. 30
92.40
91.80
91.00
90.20
.89.90
90.10
91. 10

93.20
9. 10

95. 70

Jurne. July.

96.00
96. 40
96.60
96.70
96. 40
96.'0095.80
95. 60
395. 50
95. tO
94.60
94.00
93. 10
92.50
92.50
92.60
92. 70
93.80
95. 40
95. 30
95.00
94.70
95. 70
96.10
96. 30
9.5.90
95.50
95. 40
96. 10

96.80

97.60
98.30
99. 30

100. 80
101.30
101. .10

101.10
100.80
100.40
99.70
98.80
97.80
96.70
95.70
94.80
94.00
93.20
92.90
92.80
92.60
92.50
92.50
92.10
91.10
90.10
89.10
88.30
87.40
86.70
86.10
86.00

Aug. Sept.

8&5. 70 78.30
8.5.50 78.10
815'. 00 78. 3(
8°.00 78. 40
85.00 78.20
85.50 78.10
86. 10 78. 10
85.80 78.10
85. 40 78.10
84.90 78.20
84.30 78.40
83.80 78.40
83.50 78.30
83.10 78.10
82. 60 78.00
82.30 77.90
82. 10 77.70
81.80 77.50
81.50 77.30
81.10 77.00
80.70 76.80
80.30 76.60
80.10 76.60
79.80 76.50
79.60 76.30
79.50 76.00
79.40 75.80
79.20 75.60
79.00 75.50
/8.70 75. 40
78.50 ........

Oct.

7.5. 30
75,.20
75. 10
75.00
75.00
75.00
75.00
74.80
74.70
74.70
74.80
74.. 90
75.00
75.20
75.40
75.60
75.80
76.00
76. 20
76.80
77.60
77.80
77.80
77.80
77.80
77.80
77.80
77.80
77.80
78.00
78.50

Nov.

78.60
78. 0

78.90
78.80
78.60
78.50
78.20
78.00
77.80
77.60
77.60
77.60
77.70
77.80
78.50
78. 70
78.50
78.20
78.10
78.20
78.30
78. 40
78 40
78.40
78.40
78.30
78.40
78. 40
78.50
78.60

Dec.

78.60
78. 40
78.20
77.80
77.50
77.20
77.00
76.80
75.90
75.00
74.00
72.80
72.20
72.00
71.80
71. 30

i70. 90
l70. 70
70.50
70. 70
71.60
72.00
72.50
73.60
74.60
75.00
76.00
76.20
76.30
76.30
76.30

Apr.

'91.30
93.00
93.30

................

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........................

........

........

Day.

10

2
3
4
S
6
7
8
9

10
11
12

23

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Feb.

7& 60
75. 60
75.50
75. 50
75. 30
76.530
75. 20
75. 80
76. 70
78. 20
85. 70
85. 40
85. 30
85. 30
83.00
82. 40
81.60
80. 50
79.80
79. 10
78. 8)
78. 60
78. 10
78. 00
78.40
78. 70
78. 90
79. 70

Jan.

75.00
76. (10
76.40
76. S0
76.80
76. 70
76. 80
76. 50
76. 40
76. 30
76. 30
76. 40
76. 50
76. 70
76. 30
76.20
76. 40
76. 40
76. 40
76. 40
70. 40
76. 30
76.20
76. 10
76. 00
75. 90
75.80
75. 70
75. 70
75. 70
75. 60

Mar.

81.00
82.60
83. 80
A4. 00
84. 00
83. 80
83. 60
83. 60

8. 3(0
82. 90
82. 40
83.50
85. 80
87. 60
88. 20
88. 50
88 80
90. 00
90. 4(
D0. 40
89. IS(
89. 20
8. 70
88. I0

89. ()
89. 10
89. 10
89. 20
89. 90

Day. Jan.

2 84.70
3 84.50(
4 83. 40
5 82.90
8 82.60
7 82. 40
8 81.70
9 81.30
10 81.30
11 81.10
12 80.90
13 80.70
11 80.60
15 80.80
'G 81.10
17 81.00
18 80.50
19 80.00
20 79.60
21 79.30
22 78.80
23 78.20
24 77. 70
25 77.30
26 77.50
27 77.60
28 77.80
29 78.00
30 77.90
31 77.60

Feb.

77.90
78.10
78.10
77.90
77. 70,
77.70
77.80
77.80
78.00
78.20
78.40
78.30
78.30
78.20
78.50
78.60
78.50
78.30
78.20
79. 40
89.00
96.50

96.60

95. 40
93.70
91.80o
89.80
88.10

Mar.

86.80
86.30
86.30
85. 1(
84.70
84.50
84. 70
84. 70
84 70
85,10
86. 10
87. 70
88.10'
87.80
87.20
86.80
86. 40
'8G6.00
86.00
80. 10
86.30
86.70
86.80
86.80
80.60
86. 0
86.40
86. 20
816. onI
85.80
85.70

Apr.

85.70
85.80
86.00
86.00
86.00
86.00
85.00
85.80
85.70
86. 40
87.30
87.60
88. 10
88.1V0
89.80
91. 10
91.80
91.00
91.00
90.00
90.00
89.60
89.50
90.60
92.00
92.50
92.60
9:2.80
93.00
93.20

H. Doc..50, 61-1--10 *
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Tabulated gauge readings at selected stationS betweenCeain of Rocks an Cairo-Cont'd.

BISSELLS POINT, MO.-Contintied.

1883.

(Gauge 3.30 miles from Eads Bridge. Zero of gauge, 320.36 feet above Memphis datum plane. Gange
rea(1 at about noon.]

Mhay.

86. 70
86.8O
86. 80
87. 21)
87. 10
87. 50
87. 60
87. 70
87. S0
87. 90
88.00
188300
88. 00
88. 00
I8. (1O

88S. 61,0
89. 40
90. 70
91. 00
93.00
04. 40
94. 00
95.00
95. 00
94. 60
94.0X)
93. 50
93. CA)
93. 70
9-1. 0O
94. 50

June. July.

9.1. no 10,. 5r,
93. '20 10l0. 70
02.0 I 00. 00
92. 30 99. 00
91.80 97. 70
91.20 90.50
91. 10 9. 80
91.80 93.50
912. 80 92. 60
93. 20 91. 60
03.60 91. 10
94.00 01.00
04.60 91.00
94.60 91.00
96. 80 91.20
97.30 92.00
98.20 92. 50

) 9. 40 92. 0
100.00 92.20
101. 50 91. 70
102. 40 91. 10
102.90 90.50
103.40 90.20
103.80 8'. 20
101. 40 88. 00

I01(1. iW3 87.00
I (it1f30 8fi.30

102. 40 86. 901.086.80

Aug. Sept.

80.00 79. 20
87.00 78. 90
S9. 0() 78. 70
89. i)0 78. 40
8. 20 78. 40
87. 70 78.20
87.20 78.00
S6. 70 77. 70
806.650 77. .10
86. 20 77. 10
85. 80 70. 90
85.20 70. 70
841. 70 7l. 60
84.00 7 .20
83.40 76. 00
83. 10 75. 80
82.70 76.60
82. 60 765. 60
82. 70 76.5 30
82. 70 76. 20
82.00 75. 10
81.60 75. 10
81.20 75.00
81.410 75. 00
82.00 760,0X
81. 80 74. 0
81.40 74.90
81.30 74.9W
80. 50 74.80
80.00 74. 84
79. 50 ........

Oct.

74. 70
74.80
76. 10
75. 30
76. 10
75.6O
75.90
76. 60O
76. 70
76.70
70. 70
70. 70
'70. 70
77.30
76. 70
76. 30
76.30
70. 30
76. 70
76. 70
77. G0
78. 80
78. 90
78.50
78. 10
78. 20
78. 10
77.80
77.90
78. 30
79. 10

Nov.

79. 30
79. 30
79. 10'
78. 70
78. 20
78.R10
77.80
77.80
79.00
80.50
81.70
82. 20
82.00
81. 70
81. 20
80. 60
80.20
79. 70
79.00
78.40
78. 00
77. 90
78. 50
79. 30
78.00
78. 70
78. 70
78. 60
78. 30
78.30

-......

Dec.

78. 30
78.20
78. 10
78.00
77. 0
77.70
77.50
77.20
77.00
76.90
76. So
76.11
77.00
77. 10
77.00
77.00
77.00
77.00
76. 30
75.70
76.20
74.60
74.00
73. 60
73. 40
72. 90
72.70
72. 40
72. 20
72. '20
72. 70

1884.

[Gauge 3.30 miles from EHas Bridge. Zero of gatige 320.36 feet above Memphis datum plane. Gauge
read at atbotit noon.)

Apr. May.

92.0Go 89.10
92. 80 &S.
93. 60 89. 40
93.90 90.10
94.10 90.80
91.1) 92.00
95.00 93.130
96.20 93. 0

96 .90 93.20
96.50 92.70
90. 60 92.20
9I.40 91.70
9.10 91. 5(
95. 70 91. 20
9A..0 90.40
04.10 89.40
93.40 .0
92.60 88.00
91. 90 87.90
91.20 87.80
01.10 87.90
90.40 87.90
90.20 87.160
90.0 0 87.00
91. 0 8. 50
92.30 86. 00
92.20 856.80
91.80 86.60

90.80 86.

90.10 85. 70
........ .85.80

June.

85.00
85.00
84.50
865.10
86. 90
86.10
86. 30
86.60
80. 80
87.50
88.80
89.50
90.00

89. 90
89.40
88.70
88.20
87. 80
87.60
87. 70
88.10
88.90
88.90
89. 20
89.10
89. 20
89. 5

89. 70
89.60
89.40

July.

88.90
88.50
87.90
87.30
87. M0
86.60
80. 50
80.80
87.10
87.30
87.00
86.40
85. 80

85. G0
85.40
8..60
87.00
88.70
88. 60
87.60
86. 30
85.10
84.00
83.20
82.80
82'.70
82. 80
83. 00
83.80

1 4.10
84.10

Aug.

81.60
84.90
84.20
83. 70
83.10
83. 30
82.80
82.10
81.50
81.00
80.10
80. 00
79.70
79.40
79. 20
79. 00
78.70
78.10
78.30
78.10
78.10
78. 60
78.a0
78.20
77.80
77.70
77.770
77.90
78. 10
79. 30
79.80

Sept.

80. 30
80. 50
80.40
80. 30
80. 2?
79. 70
79.00
78.40
78. 00
77.80
77. 90
77.80
77.70
77.50
77.80
78. 00
77.70
77. 60
77.80
77.80
77.50
77.40
77.70
78.00
78.40
79. 00
81.20
83.00
85.00
87. 00

Oct.

88.30
89.00
00. 20
89.30
88.20
87. 10

80
S;6. f0
86.60

6. 20
86. G0
87.40
88.00
88.20
88.20
88.10
87.80
87.50
87.10
843.80
86.40
86.00
86. 90
85.50
86.10
80. 60
86.80
8o. -10

80C. 00
85. 90
85.50

Nov.

8.5.40

85.00
81.1()
83. G0
83.10
82. 60

82.f60
82.10
81.60
81. 20
80.90
80.70
80. 60
80.30
80.20
80.00
79.80
79.70
79.60
79.40
79.30
79.10
79.00
79.00
80.00
81.50
81.60
81.40
81. 10

80. 80

.I-

I)ee,

80.30
79. 00
78.70
77.90
77.30
76.80
76.60
76. 30
'76.50R
77.50
78.40
79.10
80.00
80. 90
80.90
80.60
80.00
79.30
78.30
77. 0
76.80
76.00
73.f60
72. 0
72.20
72. 40
72. ;0
73.00
73.30
75.10
81. 10

Day.

2
3
4
6
6
7

Feb.

7.1.00
74. 00
74. 40
74. 70
76.00
75.20
76.500
74. 90
74..30
73. 70
73. 70
73. 50
73. 30
73. 10
75.30
78. 20
88. 00
92. 00
94.00
93;. 20
92.00
91.60
92.00
9'2. G0
93. 90
94. 00
94. 60
94.60

Jan.

76. 607G. :50
70. 10
75. 70
75. 40
7.5.00
74.20
74. 10
74.00
74. 10
74. 20
73. 0
72. 30
72. 50
72. 40
72. W0
72. 70
72.90
73.50
73. 70
73.90
73.80
73. 0
73. 30
73. 30
73. 40
73. 0
73.50
73. 70
73. 90
74. 00

Mar.

91.20
91. 10
94.00
93. 40
92.50
91. 70
91.00
90.80
91.00
00. 70
89. G0
89. 00
88. 70
87. 90
87. 70
87. 50
87. 70
87. 30
86. 80)
81;. G0
80. 70
80.80
86. 80
80. 80
86. 70
80. 50
863. 20
S6. 10
865. 70
85. 20
86. 60

Apr.

S6.00
8.5. 80
86.00
84. 70
84. ODX
83.70
83.40
83.C0
84.C0
8). 30
86. 40
86. 60

85.10
84.80
841.50
8-t. 50
841..80
85. 30
86. 40
87.80
88.80
88.70
88. 10
87.60
87. 10
80. 80
841. 70

8
9
10
11
12
13
14
16
16
17
18
19
20i
21 1
212
23
24
25
26
27
2V8
29
30
31

Day.

2
3
4

5

6
7
8
9

10
11
12
13
14
15
1i;
17
18
19
20
21
22
23
24
25
26
27
28
29
s0
81

Jan.

72.90
72. 90
72.80
71.70
71. 20
71.00
71.50
74. 90
77.70
78.00
78.60
79.40
79.80
79.80
80.00
80. 10
80.40
80. 60
80.50
80. 20
8(. 00
80. O0)
80.00
79.80
79. 60
79.80
80. 00
79.80
79.70
79. 60
79.60

Feb. MAIar.

80.20 79. 90
82,00 79. 00
77.00 79.50
78.20 79.30
78.90 79.40
81.00 79.20
83. 40 79. 00
82.90 78.80
82.10 78.00
81.00 77.70
79.80 77.70
78.70 77.70
78.30 79.20
80.20 78.10
82.10 78.00
81.80 78.00
81.60 78.20
82.10 77.80
82.80 79'.40
83. G0 82.40
82.60 84.00
82.10 84. 40
82.10 865.10
82.10 865. 10
81. 90 8. 20
81.650 87.80
81.10 89.-J60
80.70 91.60
80.40 93.80

........ 93.80.1.._... 92 90
.
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.

BISSELLS POINT, MO.-Contlnued.

1887.

[(Gauge 3.30 mlleie from Elads Bridge. Zero of Sauge 320.36 feet above Memphis datum plane. iaug
read at about noon.]

Feb. Mar Apr

........ .. j........

........ 1........

I...... .......

........ .... .. ........

........ .... .. ........

........ .... .. ........

........ . ........ .. ............. . ........ ........

........ .. ...... .. ......;

.. . . ........ .... ..

.......**I..... ........**

.. ........ 83.70
.. .... 84......50

87.70
87. 90

....8................20
86.30

........ ........ 85.70

........ ........ .....

........ ...... .. .85.50

........ .. 1...... 85.40

........ ..... ... ..... ....

May.

85.60
85.60
85. 50
85. 50
86.30
86. 70
86. 90
86. 40
85. 90
86. 40
84.90
84.60
84. 30
8X4. 10
84. 00
8.1. 40
84. 30
84.60
8 5. 20
85. 20
84. 50
84. 10
83.80
S3. 50
83.10
83. 10
83. 40
83. 10
83.10
3. 10

82. 70

June.

82.00
81.20
80.60
80.30
80. 10
80.30
80. 50
80.80
81.10
81.00
81.00
81.00
8:. 30
84.20
84. 70
85.60
8. 30
86. 40
85.70
84.80
84.00
83.60
84.00
84.00
84.00
83.90
83. 80
83. 90
84. 20
84. 40

July.

84.7084.:
84. 90
85. 10
85. 30
85. 30
85.10
84.70
84.60
84. 40
84.30
83. 70

82.60
82. 10
81.70
81.30
81.00
80.60
80.20
80.00
79. 90
79.80
79. 80
79. 70
79. 80
79. 80
79.60
79. 20
7T.80
78. 50

Aug.

78. 20
78.00
77.90

77.60
77.40
77.30
77.00
76.90
76.70
76. 70
76.70
76. 40
76. 30
76. 10
76. 10
76.40
76.30
76. 10
76.00
75.90
75.80
75.60
75. 50
75.60
75.90
75. 90
75.80
76.60
75. 50
76.40

Sept.

75. 40
76. 40
75.30
75.10
75.00
75.00
76.00
75.10
75.90
76.70
77.00
77.20
77.00
76.80
76.80
76. 70
77.00
79. 40
79.70
79. 40
79.00
78.50
78.10
77. 70
77. 40
77. 10
77.00
76. 80
76. 80
76. 80

Oct.

76.70
76.60
77.00
76. 40
76. 10
76.00
75.70
76.60
76.50
76. 40
76.40
76. 30
75. 70
76.60
76. 50
76. 00
75.50
75. 20
76.00
74. 80
74. 70
74.60
74.60
74. 40
74. 30
74. 30
74. 30
74. 30
74. 20
74. '20

I 74.10

Nov.

74. 10
74. 10
74.10
74.00
74. 10
74.00
74.00
73.90
73.80
73.80
73.80
73.80
73.80
73.80
73.80
73.80
73.80
73.90
73.90
73.80
73.80
73.70

Dec.

74.80
74. -0
73.90
73. 70
73.60
73. 20
72.90
72. 80
72. 80
72.60
72. 20
71. 70
70. 70
70. 30
70..20
70. 10
70. 80
72. 20
73.00
73. 80

1888.

(Gauge 3.30 mIles from Eads Bridge. Zero of gauge 320.30 feet above Memphis datum plane. Gauge
rea(3 at about noon.)

Apr.

87. 80

87. 40

88.30

90.00

K --

90. 00

90. 00

go. 80
91. 40

91. 70

91. 40

91. 10

90.70

90.40

90. 40

90. 40

90. 70

9 i.'60
91. 90

91. 50
90.70
90. 00
89. 80
89. 80
90.10

May. June.

90. 20
90.30
90. (A

90
91. 10
91. 20
91.30
91.f60
91. 60

9'2. 10
92. 90
93. 00
93. 40

I94. 40
94. 60
95. 20
95. 60
95. 40

96 80
96.50

90.20

95. 90
95. 90
9 s80
97. 50
97. 70

97. 60
97. C0O
918. 00

98 30
97. 80
90 70
95.80
95. 20
94. 70
91.00
93. 50
92. 90
92. 40
91. 90
91. 70
92. 50
93. 30
94. 30
94. 50

94.00
93. 10

93.90
94. 00
94. 70
94. 60
94. 40
94. 50

95. 00
95. 60

July. Aug.

95.80 83. 60
95.40 83.00
94. 60 82, 20
93. 80 81.50
93. 1 81.00
2.J- 81. 00

91. 'Q" 81.50
91. `1 83.60

93. . ........
93.80.
93. 70 8310
93.30 82.60
93.00 85. 20
92. 70 87. 30
92. 20 86.80
91.60 86. 10
00.30 846.00
89.20 85. 90
88 20 85.20
87. 6 84. 60
87.120 ........
87.00 ........
843.20 ........

85. 20 ........
84. 70 ........
84.60 ........
85. 80 ........
8L 80 81.84)
3. 00 81.30

Sept.

80. 60

,........
78. 20
78. 00
77. 70
77. 40
77. 10
76.80
76.60

I76. 10
75. 90
75. 80
75. 70
75. 70
75. 40
75. 20
75. 10
75. 00

I ........

Oot.

73. 90
73. 90
73. 90

73. 80

73. 80

73. 80
73. 80

73. 40

73. 40
73. 50

.73. 50

.73. 50

73.-50
73. 60

73. 6O
73.

73.

73. 60

Nov. Dec.

73.S0 .......
73.b .......
73.50 .......
73. 50 .......
73. 70 .......
73. 60 .......
73. 70 .......
74.00 .......
74.70 .......
75.40 .......
7& 10 .......
76.30 .......
7640 .......
76.80 .......
77. W ........76. 70 1......
76. 20 ......
75. 80 ......
76. 50 .......

........ .. ......

........ .. .....

........ .. ......

........ .. ......

........ .. ......

........ .. ......

........ .........

........ . .. .....

....... .. ......

........ .. ........... .. .....

Day,

1
2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
I1
19
2'I0
21
22
23
24
25
26
27
28
29
30
31

Jan.

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

........

I

Day. Js

1 74
2 74
3 7V
4 7(
5 7i
6 7t
7
8...
9.-.
10 ....
11 ....

12 ..
13
14 71
15 V7
16 17
17 17
18 17
19 7,
20 71
21 17
22 7(
23 81
24 18
25 18
26 8'
27 8K
28 8i
29 18
30 '8
31 84

Ln.

1.20L.60
S.4O
50

?.50
1OU.SO

....7

....

....

.....

....7.....
7.20
650
L 10
'.70
5.30
.80

k 70
.270

l. 0
2.5
;s9 80
-230
;!. 80

3.20L 2S0

Feb. Mar.

8250 82.30
80.20 81.80
81.00 81.20
82. 30. 81. 70
82.30 82.90
82. 90 83 60

I......1 83. 40
80.90 3.10
80. 00 82. 0

820-I
077.fi0 182.90
77.60 I3 30
76. 50 R3. 40
71i 30 83. 30
7(6 30 83 20
76 60 8320
75.60.76.50.
75.80 ........
7&6 ........
78.40 ........
79. 30 ........

8I 50. ........
82.60 ........
84.20 .......
84. 40 .......
8C20 ........
84.00 ........
83.20 ........

- ; - -
l _ , ; .

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........

........
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Tabulated gauge readings at selected stations between Chain of Rocks

BISSELLS POINT, MO.-Continued.

1889.

[Gauge miles from Eads Bridge. Zero of gauge 320.36 feet above

read! at about noon.]

Day.

1
2
3
t4
6

7
8
9

10
It
12

13
14
16
16
17
18

19
20
21
22
23
24
26
26
27

28

29
30
81

Jar..

74. 70

74. 50

75.00

75. 80

76. 60

78. 00

79. 40

80. 10

80. 50

80. 20

79.20

78.20

77. 40

76. 80

76. 60

76.50

76.20

76.80

75. 40

75. 30

Feb.

75. 00
74.50
74. 40

74. 30
74.30
74.70
74.70
74.30
73.80
73. 60
73.50
73. 50
73 20

73. 20
73.20
73. 40
74.20
75. 60
75. 50
74. 81

Mar. Apr.

.........
........| I.......
........
81.60

.80. s0
79. 70
79.30.

........

May.

78. 90
'78. 40
78. 10
77.880
77. 80
78. 00
77. 70
77.30
77.00
76. 80

76.70
76.70
76. 80
76. 80
77. 10
77.5)
77.80
79. 40
79. 90
82. 00

81. 20
87. 70
87. 40
86.80
86. 60
86.10
85. 40
85. 00
84.50
90. 60
93.00

June.

93.00
91. 70

89-. 80
87. 40
b5. 60
84.00

-82. 90
82 40
82. 90
85. 70
87. 60

86.80

86. 60

86.00

85. 40

85. 50

84. 80

84. 40

July.

84.10
83. 60

80. 10

80.20

79 80

79. 70

79. 60

79 60

79. 70

80 60

82. 100
83. 70

83.30

82. 10

81. 60

81.20

900
80. 60

80.20

81. 30

82.00

81. 80

Aug.

81.40
81. 0(1
8() 51)
80.20
79 50

78. 90
78. 30
77. 90
77.60
77. 40
77. 10

79.

78.80

78. 30

77. M1
76. 90

711 40

75.90

75. 50

75. 00

74.80

74. 50

MemphIs datum plane. Gauge

Sept.

74. 30
74. 30
74 10
74. 10
74. 40

74.20

74.20
74.20
74.20
74. 30
74.70

75. 80

75. 10

74.50

74. 30

74.30

74. 11)

73. 90

73.80

73.60

Oct. Nov.

73.50 72.30
........ .73.10
........ 76.70
........ .77.40
........ 76.80
72.90 75.90
72.90 7. 40
72.80 75.00
72.70 74.70
72.60 ........
72.650 77. 70
72.40 79. 00
72.20........
72.10
72.20
72.201.
72.10........
72.10........
72.10........
72.10 74.70
72.00 74. 3(0
72.10 74.00
72.20 73.80
72.60 73.60
72.80 73.50
72.70 73.50
72.60 73.60
72.50 73.60
72.30 73.
72.20 73.60
72.20

Deo.

73.70
73.80
73.80
73.70
73. 40
73.20
73.00
72.70
72.70
72. 80
72.80
73. 10
74.10
74.90
74. 90

74.70
74. 70
74.70
74.50
74. 40
74. 30
74. 30
74.20
74.T0
74. '0
74.00
73.90
73.90
73.80
73.70
73.70

1890.

(Gauge 3.30 miles fromEads Bridge. Zero of gauge 320.36 feet above Memphis datun plane. Gauge
read at about noon.]

Day. Jan; Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Deo.

1 74.00 77.10 7& 20 82.10 88 80 80.30 89.00 79.10 76. 30 76.10 76ff. 0 74. 90
2 76.20 77.80 76 70 81.70 86. 10 80.30 88.80 78.80 76.,30 76.30 76..0 74.60
$ 75.30 73.20 76 30 83.00 85.40 80.10 88.70 78. 50 76.20 70.30 76.40 74. 60
4 75.30 78.20 74.90 85.60 84.80 80.60 88.6O 78.20 76.90 76. 10 76.10 74. 40

75. 40 78.90 74. 30 8(. 00 8-t40 81. 40 :88.30 77. 90 76.00 75.90 76.00 74. 30
77. 60 79.50 73. 80 85. 30 83.80 81,80 88.10 77. 70 76. 00 75. 76. 80 74.10

7 79. 70 80.00 73. 80 84.00 83. 408 81.O60 87. 80 77.60 75.50 75. 70 75.60 73. 90
8 79.60 79.80 73. 60 83.20 83. 81.60 87. 70 77. 40 75.50 76. 75. 30 73. 70
9 78. 79. 30 73.70 82.GO 83. 40 82.00 87. 60 77. 50 75. 60 75. 50 75. 30 73. 20
10 77.80 79.00 74.10 81. 70 82.00 83. 60 87. 20 77. 60 76.50 75.80 75.10 72.70
11 78.40 79. 00 74.90 81.20 81. 40 84.GO 86. 20 77.10 75. 76. 20 75. 00 72. 60
12 80.00 79.20

lO
80.80 81.10 85.10 85.40 76.80 75. 60 76.20 74.80 72. 60

13 83.40 79. 30 77. 90 80.60 81. 20 86. 60 84. 70 76. 70 75. 60 76.90 74. 70 72.50
14 85. 79. 40 80. 90 80.70 81. 80 87.80 84. 40 76. 60 7&50 75.40 74. 60 72.00
16 86.00 79. 60 82.70 81.10 82.20 87.SO 8 4. 60 77.00 75. 60 76.10 74. 071,016 8a 79. 90 83. 81. 70 82.10 87.80 84.10 78. 75.30 7.00 74. 70 71. 60
17 83.80 79.60 83 .30 82.10. 81.70 87.80 83. 40 77. 20 75. 20 76.00 74. 90 71.40
...... 79. 20 82.60 82. 30 81.80 88 00 82.80 76.510 75.10 76.60 74.90 71. 40

19 ... 79. 00 ..8.2.40 81.80 88.20 82.20 76. 40 75.30 76. 60 74. 90 71.60
20 ........ 79.00 ... .83.20 81.40 88. 40 81.70 76. 40 75.6O 77.10 75.10 71.70
21 ........ 78.80. . 8410 81. 20 88.30 81.50 76.30 76.00 77. 60 76.60 71.80
22 ....... 78. 40.. 84. 20 80.90 87. 80 81.20 76.10 76. 40 77. 60 76.70 72.00
23 ....... 77.80.. 83. 90 80.60 87.80 81. 76.60 76. 0 77. 77. 30 72.00
24 ...... 77. 40 ...... 83. 60 80. 60 88.60 81. 20 77. 20 76. 30 77.20 77. 20 72.20
26 ...... 77. 20 .. 8.3. 60 81. 60 88.60 81. 40 77.00 76. 40 76.90 76.80 72.30
26 75.00 77. 30 ........ 83.90 82.10 88.20 81. 70 76.70 76.30 76. 81 76.60 72.40
27 75 60 77. 56 ........ 85.60 81.60 88.00 81.330 76. 70 76.10 76. 50 76. 20 72.30
28 76. 00 77. 40 ........ 87.40 81.20 88. 50 80. 60 76.60 76. 00 76. 50 76.00 72.00
29 7650........6... 87. 30 81.10 89. 20 80.10 76.20 76.00 76.50 76.60 71.60
30 76.0. . . 40 87. 20 81.00 89.20 79. 80 76.20 76.90 76.0 7.20 71.30
81 76. 60.. 82.60.. 81. 00 ... 79.60 76. 40 ........ 76. 60 ........ 71.30
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
BISSELLS POINT, MO.-Continued.

1891.

(Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
read at about noon.]

Day.

1
2
3
4
6

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

71.80
72.20
72. 70
73. 10
7:3.30
73. 10
73.30
73s. 70
7:3. 80
73. 50
7,. 30
73i. 10
72. 90
72. 50
72.40
72.10
71.90
71.80
72.00
72. 10
72. 10
72.30
72.50
72.50
72.6
72. 50
72. 40
72. 50
72. 70
72.60
72.50

Feb.

72. 60
72. 80
73. (H)
7.3.00
7:. 20
7:. 20
73. W
72. 40
72.20
72. 30
72. 30
72.50
72.70
73.20
73. 70
74.00
73.900
73. 90
73. 70
73. 70
73. 60
7.;. 30
77. 40
78. 00
79. 60
80.20
80. 10
79. 70

Mar.

79.20
78. 70
78.20
77. 41
76. 60
70. 20
70. 10
70. 50
76.60

76. 50
76. 50
70. 10
75.80
75. 70
75. 50
75.100
75. l;0
75. 70
70. 40
78.20
80. .10
82o.00
83. 90
85. 10)
85. (10
80. i6o

87.20
87.80
87.90

Apr.

88.00
S.20

Ks.20
88. 00
87. 90
87. 80
87. 50
8i. 30W
87.20
87.20
87. 80
8$. SI)
89. 00

88.50
89. I(0
90. 0K)
)l1. 30
91. <II
01. 50
91. 40
91,40
91. 60
92.20
92. 40
92. 10
91. 40
W. 80
90.20
89. 40

May.

88.90
88.70
88.9)(
89. 40
89.20
88.70
88.50
88.20
87.60
87. 00
86. 50
80. 10
85.70
85. 30
84. 90
84. 60
84.00
83.60
82.90
82. 40
81.90
81.80
82.40
82.80
8:3.10
84.20
81.8)
84. 5
84.20
84.50
84.50

June.

83.90
8M. (i(W
82. G0
83,60
87. 30
87. 70
87. 10
89.20
90. 9
91.70
91. I0
91. 70
90. 150

87. 80
88. 40
88.20
87.90
87. ;0
87.90
88. 40
80. 10
90. 30
91. 70
91.90
01.20
90. 00
88.70
88.20
88.50

July.

89. 60
9I1.0
02.00
92.50
-2.30

91. 70
90. 4(
89.00
88.60
88.90
89.30
89.(0
88.40
87. 50
80. 00
8X. 10
80. 10
86.00
85.20
84. 60
84.10
83. 50
8.3. 10
82.80
82.90
83.10
83.40
83.30
82. 70
82. 50
82.80

Aug.

83.60
81.10
8:1.20
82.20
81. 70"
81.90
82.20
81.80
81.30
81.0(
80. so
8(. 80
80.20
79. 410
79.20
79. 50
80.9J
81.00
81.80
83.40
86.40
87.90
86.50
85.10
84.40
83.80
82.60
81.20
80.00
79. 10
78. 60

Sept.

78.10
77. 40
77.00
76. 60
76. 20
75. 90
75. 00
75.30
75. 10
74.90
74.70
74. 50
74. 40
74. 40
74.30
74. 10
7:3.90
73. 80
73. 71
73. 00
73.60
73. 50
73.40
73.30
73.20
73.10
73.00
72.90
72.80
72.70

Oct.

72.60
72.50
72. 41
72.30
72.30
72.20
72. )0
72.20
72.20
72. 30
72. (00
73. 10
73. 50
73. (90
74.30
74.40
74. 50
74. 40
74.30
74.20
74. 00
73. 81)
73.80
7:1. 6
73. 00
73. 50
73.30
73. 30
73. 20
73. 10
73.00

Nov.

72.90
72.80
72.80
72.80
72. 80
72. 80
72. 80
72. 80
72.90
73. 10
73. 10
73.00X
72. 80
72.80
72. 0
73.00
73.20
7;s1. 201
7:s. 10
73. :3
72. 80
73. 30
7:3. 60
74. 10
74.00
73.50
73.00
72.80
72. GO

Dec.

72.10
71.60
71.20
71.40
71.50
71.50
71.f80
72.20
72. 10
71. 70
7 1. 60
71. 7(
71.80
72.00
72. 30
72.50
12. 70
l:3. 00
73. 21)
7 :10
7:.. 10
73. 50
731. 70
74.00
74. 10
74.20
74.20
7.100
73.80
73.90
74. 10

[Gauge 3.30 miles fronm Ends Bridge.

Day.

2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

29
30
31

Jit-ft.

74.30
74.90
76.80
76.50
75.70
74. W
74.40
74. 10
73.50
72. 50
71.40
71.40
75.00
77.60
77.70
77.70
77.90
78.40
78.10
78.20
78.60
78. 50
78.70
78.80
79.10
79.60
79.60
79.60
78.00
74.90
75.00

Feb.

75. 40
76. 40)
75. 80
76. 40
76. 60
77.80
80.00
81.90
83.00
83. 40
8.3.30
82.90
82.00
81.00
80.40
80. 70
80. 20
79.40
79.60
83.30
85.90
85.40
84. 10
82. 70
81.60
81.50
82.20
82.70
83.00

Mar.

82. R
82. 44)
82.0)
82.10
82. 30
82.00
82.00
82.80
84.80
87.00
80.80
841.30

834. !0
84.00
83. 50
82.80
82. 50
82. 20
81.60
81. 10
80.60
80.80
81.70
82.00
82. 50
82.60
82.40
82.60
83. 80
86. 10

Apr.

86. 30
80.20
80. 70
88. 70
92. 30
94. 50
95. 70
f1). 00
95.8(
93. 70
92.90
91.40
90.20

' 9. 20
96 40
90. 50
90.60
91.20
92.30
93.70
95.30
95.40
95; 60
95.00
94.30
93. 0
92. 70
91.80
91. 10
90. 50

1892.

Zero of gauge 320.36 feet
read at about noon.]

May.

89.80
89.10
89. 10
89.()O
89.80
92.20
95.00
9t. 50
97. 10
98.0W
99.00

100. 10
Io0.30
103. 20
104.30
104.90
105. 60
105.90
106. 10
105.70
105.00
I104.5
101.30
10-1. 20
103. 9
103. 50
102.90
102.00
101. 10
100. 70
100.70

June.

101.30
101. 70
102.50
103. 50
103. 80
103.60
1)3. 20
102. 80
102. 40
101.90
101..0
10). 70
100. 40
99.90
99.20
98.70
98.00
97.30
9.60
96. 10
95. 60
94. 70
94. 30
94.60
95. 30
95.60
95.70
6. 20

06. 50
96.50

July.

96.70
97. 10
97. 70
98.80
99.00
99.60
99. 110
99. 70
99.80
99.60
99.30
98.90
98.80
98.60
98.00
98.00
97.50
97.30
96. 00
96i.20
95. 20
04.70
94.20
93. 5)
92.70
91.t00
0. 40

89.10
88.00
87.20
86.70

above Afemphis datum plano. 0auge

Aug.

86.20
85.G0
85.20
81.60
84.10
83.W
83.20
82.80
82.30
82.00
81.70
81.60
81.80
81.60
80.90
80.60
80.30
80.10
79.80
79. 60
79. 10
78.80
78. 40
78.10
77.80
77. 50
77. 20
77.00
70.90
76.80
76.80

Sept.

76..80
70. 70
70. 50
76.20
76.00
75.80
75.60
75.40
75.40
75.20
75.10
75.70
76. 30
70.00
75.80
75.60
75.40
75.30
75.10
75.00
75.00
74.90
74.80
74.70
74.60
74.40
74.20
74. 10

:3. 90
'3. 90

Oct.

73. 90
73.80
73. 90
73. 40
73.20
73. 20
73.00
72.80
72.80
72.60
72. 40
72. 40
72.30
72.20
72.20
72.10
72. 10
72 00
72.10
72. 20
72. 20
72.20
72. 10
72.10
72.00
72. 10
72.20
72.30
72. 80
73. 20
73.20

Nov.

73.10
72.90
72. 70
72. G0
72. 50
72. 40
72.3
72.20
72.10
72.10
72. 10
72.00
72.00
72.00
72.00
71.90
72.30
72.20
72.20
72.00
72.10
72.10
72.10
72.00
72.00
71.90
71.80
71.80
71.60
71. 40

Dec.

71.30
71.10
71.00
70.8SO
70.70
70.70
71. 10
71.20
72.00
72.60
72.70
72.70
72.60
72. 40
72.20
71.90
71.50
71.00
70.60
70.20
69. 60
68.)0
68.60
68. 30
68. 40
68.20
71.00
71.80
72. 40
73.80
74.00

I_



150 WATE~RWAY ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge readings at elected stations between Chain of Rock. and Cairo-Conit'd.
BISSELLS POINT, MO.-Contlnued.

1893.

10auge 8.30 miles from Eals Bridge. Zero of gauge 320.36 feet above Memphis datuim plane. 0auge
read at about noon.]

Day.

1
2
3
4
6
8
7
8
9
10
it
12
13
14
15
16
17
18
19
20
21
212
23
24
25
28
27
28
29
30
31

Jan.

76.00
75.70
74.70
74.40
74.40
74. 10
73.70
74. 10
74.30
74.30
74.50
75. 10
75. 40
75. 40
75.50
75.40
75.60
75.80
75.80
75.60O
75.80
75.80
75.90
75.90
76.00
75.90
75.80
75.80
75..60
75.60
75.30

Feb.

75.00
74. C0
74.00
74.00
74. 10
74.80
74.50
74. 70
75.00
75.00
75. 10
75. 10
75.20
75.900
77. 40
78. 10
77.80
77.30
77.00
76.90
77. 10
76. 70
76.90
76. 70
76.90
77.60
78.50
79.20

Mar.

79.80
80.80
81. 10
81.00
80.6o)
80,30)
80.30
80.10
81.60~
85.00
86.80
87.5o
87.60o
87. 40
87.00
86.90
87.80
89, 1.0
89. W
89.8so
89.m
8.o8
88.90
89.00
870.90
87.00
86.30
86.00
85.60O
8).30
85.00

Apr.

84.70
84. 40
84.'1 084.00I

83.90
84.50
84.30
84.00

91.00
91.81)
91.70
91.60

89.80
90).90
94.40
94.70
94.30
93.80
93.80
9.1.40
16 30
(6.00
96.50
98. 10

May.

99.60
100. 20
100.40~99.80
99.10t
97.90
96.70
95.70
94.80
94.20
94.20
94.80
95.00O
94.70
94.30
94. 10
93.90
93.60
93. 10
92.60O
912.00O
91.80
91.20
90.90
90.70
90.80
93.90
96.201
96.80
96.80
96.20

June.

0.5.60o
00.120
90.70
96.90
906.30
95.350
94.50
94.80
94.90
94.30
93.20
92.00
91.00
90.10
89. 70
89.60
89.30
87.80
87.80
87.00
86.30
85. 70
5.60

86.20
86.30
88.50
89.60
88.90
88.40
87.30

July.

86.50
85.80,
85.40
85.30
86.90
89.40
89.30
RS.00
87.30
8(1.20
85.t0c
8:3.90o
83.00
82.40
81.80
81.90
83.00
84.20
84.00
831.00
82.30
81.70
81.00
80.20
79.50
78.90
78.40
78. 10
77.80
78.40

Aug.

78.20
78.70
78.70
78.00
71.80
77.30
76. 10
75.6%
76.20
74.90
74.60
74.70
75.00)
74.60
74.20
74.00
73.80
73.80
73.60
73.60
75.00
76.60O
77. 10
76.60
75.80
75.00
74.30
73.70
73.30
73.00
72.70

Sept.

72.50
72.30
72. 10
72.00
71.80
71.70
71.60
71.40
71.40
71.40
71.30
71.20
71. 10
71.00
70.90
70.80
70.70
70.70
70.60
70.50
70. 150
70. 40
7(0.60
70.60O
70.60
70.60O
70.60
70.60
70.60
70.60O

Oct.

70.600
70.60
70.60
70.60
70.70
71.20
71h.30
71.20
71. 10
71.00
71. 40
71.30
71.20
71.20
71.00
70.80
70.70
70.70
70.70
70.70
70.70
70.70
70.60
70.60
70.60
70.60O
70.60O
70.50
70.60
70.50
70.50

Nov.

70.600
70.40
70.560
70.60
70.60

70.'50
70.50
70.50
70.50
70.~50
70.50
70.50
70.40
70.40
70.40
70.40
70.40
70. 40
70.40
70.40
70.40
70.40
70.40
70. 40
70.40
70.20
70.20
70.00
69.80

Dec..

69.50
69.20
68.60
6.8.40
67. 70
67.60
67.40
67.20
67.30
67.50O
67.70
87. 70
67.80
67.40
67. 70
68. 10
68.70
88. 70
68.60
68.40
68.70
61.00
6~,)% It'
69.40
69.70
69.70
69.70
69.80
69. 70
69.70
69.80

1894.

[Gauge 3.30 mi.- 1roin Eao,' Bridge. Zero of gauge 320.36 feet above Memphis datam plane. Gauge
read at 8 a. in.; after October 1, about noon.]

Day.1 Jan.

1 70.00
2 70. 20
3 70. 20
4 70.40
6 70. 60
6 70. 70
7 70. 80
8 70. 70
9 70.40

10 70. 20
11 70. 00
12 69. 90
13 69.60
14 619.30
16 69. 10
16 69.40
17 69.70
18 69.60
19 69. 60
20 70.10
21 70.60O
22 71.00
23 71. 40
24 72. 10
25 71.30
2(1 70.30
27 69.30
28 68.60
29 68.20
30 GS.30
31 0.10

Feb.

68.00
GS8.00
67.80
68. 10
438.70
69.00
69. 50
70.80
72.40
73.30
73.80
73.40
72.70
71.80
71.50
71. 40
71.70
71.80
72.20
73. 00
72.60
72.30
72. 50
72.50
72.60O
72.80
72.80
72. 80

Mar,

72.90
72.80
73. 00
i3.60
74. 20
70.80
81. 70
85.20
86.80
87. 70
87.60
86.40
84.80
83. 30
82.20
81. 30
80. 60
80.00
79.40
79. 10
79.00
79. 10
79.20
79.30:
79.30
79. 20
78.90)
80.10
80.90
80.60
79.80

Apr.

79.00
78.70
78.50
78.20
77.70
77. 60
77.40
78. 10
79.60O
79.70
79. 20
79.560
8.0.30
80.40
80.00
80:00
82. 60
84.60
80.40
86.10
84.20
83.00
82. 30
81.80
81.30
81. 20
80. 90
80. 60
80. 30
80. 30-

May.

80.80
82. 10
82.40
82.20
82.20
83. 10
84.70
80.40
87.60
88.80
91. 30
90.80
89.40
8.8.50
87.80,
87.60
86.80
85.80
84.80
83.80
83.20
82.70-
82. 50
82.30
82.20
82. 10
81.90
81. 81
81.80
83.60O
8.5. 70

June. July.

86.10

85.90o
85.60

85.40

85.30

85.20

85.60

85.80

85.80

85.60

85.40

85.30

85.30

85.40

85.20

85.20

85. 20

84.90

84. 90

85.00

85.00

85.10

8.5.20

85.20

85. 20

85.20

5.40

86. 30

86.40

85. 60

[85.00

84. 90

8.1. 50

83. 90

83.80

84.20

84. 30

83. 40

82.40

81.80

81.40

81. 20

80.70

80.00

79.30

78.80

78.

78.30:
78. 20

78.20

78.00

77.90

77. 90

77.70

77. 30

77. 10

76. 90

76. 70

77. 30

76. 90

76.60

Aug.

76.560
76. 60
76.20
76. 10
75.80
75.40
75.00
74.70
74.40
74. 10
73.90
73. 70
73.60
73.30
73.00
72.80
72.60
72.560
72.30
72.20
72.20
72. 10
72.00
71.80
71.80
71.60
71. 60
71.'4071. 40
71.40
71. 20

Sept.

71.20
71.00
71. 00
71.00
71. 20
71.560
71.50
72.00
72.30
72.20
72.20
72.20
72. 20
72.00
72. 10
72.40
73.40
73.80
73. 60
73.20
73. 00
72.90
72.80
73. 10
73.00
73.30
73. 30
72. 90
72. 50
72. 20

Oct.

71.85
71.50
71.18
71.05
70.95
70.89
70.06
70.60
70.48
70.48
70.55
70.60
70.06
70.06
70.06
70.45
:70.40
70.3570.26
70.20'70.20
70.20
70. 55

70.40
70. 25
70. 20
70.20
70.26

Nov.

70. 20
70.30
70.45
70. 50
70.065
70.75
70. 90
71.05
71.25
71.25
71.10
71. 10
70.82
70.85
70.85
70.78
70.85
70.186

70.82
70.85
70.88
70.90
70.95
70. 95
70.78
70. 60
70.45
70.45

Dec.

70. 52
70. 55
70.75
71.00
71.55
71.45
71.45
71.22
70.70
70.40
70.28
70. 15
70.00
70. 12
70,25
70.40
70. 35
70.35
70.28
70.30
70.38
70. 38
70.42
70. 50
70.562
70.45
70 a8
70 40
69.83
69.60
6M.40

I
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cotnt'd.
BISSEILLS POINT, MO.-Continued.

1895.

[Gauge 3.30 miles from EadF Bridge. Zero of gatigc 320.36 feet above Memphis datum plane. Gauge
rea(i at 8 n. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 68.00 73. 60 73. 60 75.78 74. 10 76. 45 80. 98 81. 65 77. 10 71. 50 70. 48 69. 94
2 67. 32 73. 20 74. 70 76t. 0 73.90 76. 27 81. 37 81. 60 77. 28 71. 43 70. 44 69. 97
3 67. 82 73. 20 75. 00 77. 00 73. 82 75. 92 81. 48 81.08 78. 00 71.60 70. 0 69. 82
4 67.63 72.95 75. 30 76. 25 74. 05 75. 1 5 81. 88 80. 67 78. 60 71.69 70. 38 69. 35
6 67. 45 72. 95 75. l0 75. 50 74. 32 7.5. 55 81. 73 79. 95 78. 55 71. 83 70. 29 69. 83
6 67. 45 72.80 75. 00 74.95 74. 67 75. 72 81.00 79. 16 78. 80 71.89 70. 26 68. 38
7 67. 45 72. 60 75. 50 7.1. 75 75. 60- 75. 119 84. 05 78. 68 79. 10 71. 85 70. 26 67. 99
8 67. 55 72. 10 75. 90 74.50 75. 50 7'5. 53 8.5. 35 78. 65 79.50 71. 75 70. 42 67. 86
9 67.65 72. 32 75. 80 74. 25 75. 57 75.50 8.5. 10 78. 20 78.82 71.65 70.58 67. 85

10 67. 40 72. GO 75. 30 74. 72 75. 20 75. 85 81-. 55 78. 18 78. 30 71. 65 70. 74 67. 96
11 67. 45 73. 00 75. 10 77. 00 74. 60 77.05 &3. 65 78. 04 77.82 71. 70 70. 72 67.96
12 67. 45 73. 25 74. 75 77. 50 74. 45 77. 35 82. 25 77. 58 77. 30 71. 77 70. 42 67. 85
13 67. 60 73. 25 74. 40 77. 45 74. 70 78. 80 80. 58 77. 13 77. 75 71. 90 70. 59 68. 33
14 70. 80 73.25 74. 30 77. 22 74.92 80. 07 80. 10 76. 34 76. 10 71. 93 70.59 68.55
15 71.15 73. 15 74. 45 76. 85 75. 00 80. r8 80. 44 75. 65 75. 63 71.93 70. 53 68. 6A
16 71. 75 73. 12 74.10 76. 15 74. 8 80. 20 80. 35 75. 17 75. 15 71. 99 70. 56 68. 72
17 72. 60 72. 95 74. 2.5 75. 70 75. 30 80.35 80. 12 71. 72 74. 68 71. s0 70. 50 68.92
18 73. 12 72. 75 74. 20 75. 45 75. 53 8). .10 70. 98 71. 52 74. 42 71. 78 70. 38 69.02
19 71. 35 72. 65 74. 21) 75. 28 76.30 80. 58 79. 97 741. 36 74. 27 71. 63 70. 27 69. 89
20 70. 65 72. 52 73. 80 75. 10 77. 38 80. 412 80. t;O 74. 68 74. 10 71. 58 70. 28 81. 27
21 69. (5 72. 55 73. 5' 75. 02 77. 53 80. IS 80. 80 75. 18 73. 72 71. 35 70. 29 90. 65
22 69. 12 72. 82 73. 20 75. 10 78. 02 80. 18 81.02 75. 58 73. 27 71. 22 70. 25 91.35
23 B. 85 73. 10 73. 20 7.5. 20 77.58 80. 89 81. 47 75. 45 72. 78 71. 13 70. 25 91. 15
24 69. 00 73. 35 73. 30 75.50 76. 8O !1. 20 81. 90 775. 02 72.33 71. 07 70. 32 91.39
25 68 52 73. 90 7:. 28 741. 80 76i. 35 . 9.7 82. 31 7.5. 38 72. 18 70. 98 70. 40 90. 98
26 6 05 72. 35 71. 20 74. 47 76x 08 80. 50 81. 79 76. 12 72. 11 70. 93 70. 134 89. 30
27 67. 42 72. 10 74. 70 74.30 76. 00 80.22 81. 45 76. 62 71. 91 70. 82 '70. 69 87.6
28 67. 60 72. 30 74. 12 74. 35 76. 05 80. 40 80. 78 76. 78 71. 78 70. 75 70. 45 86. 80
29 71. 00........ 75. 70 74. 35 76.00 .8(.78 80. 19 77. 19 71. 58 70. 67 70. 27 86. 43
30 73. 35 ... 76. 05 74.27 76. 10 80. 88 80. 53 77.33 71. 53 70. 58 70.10 85. 65
31 73. 40 ........ 75. Sl ... 76 30 ...80. 60 77. 13 ........ 70. 62 ........ 84. 66

1896.

[Gauge 3.30 miles from Fds Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
read at 8 a. xn.]

Day. Jan. Feb. Mar. Apr. MIay. June. July. Aug. Sept. Oct. Nov. Dec.

1 83.57 72 60 76. 69 76 10 81.85 93 21 85. 90 82. 48 76. 38 74.90 71. SO 73.10
2 82.38 73. 10 77.23 7.5. 55 82. 05 92.90 86. 45 82. 68 75.95 74. 48 71. 95 73. 04
3 81.28 74. 10 77. 20 75. 17 2. 21 93.25 86. 57 83. 02 75. 47 74. 13 72. 42 73. 28
4 79.72 75. 02, 76 90 74 81 82. 25 93. 45 86; 80 83. 43 75.07 73.9 73 0 73. 60
5 78.31 75fi14 76.52 74.64 82.31 93 83 87.27 83 (68 74.78 73. 79 74..67 73. 47
6 77. 30 7.5.21 71. 28 74. 33 82. 22 9.1 10 87. 05 83.77 74 41 73. 77 75. 95 72. 86
7 76. 75 75.50 76. 00 74.09 82.27 9:3. SO 86. 41 83. 67 74. 09 73. 63 76. 75 72. 33
8 75. 90 75. 66 75. 54 73. 88 82. 49 93. 25 86. 30 8:3. 60 73.80 73. 45 71i .50 72. 04
9 75.20 75. 40 75. 32 74. 10 82. 61 93. 40 * 86.1 0 83 10 73.54 73. 30 75. 90 71. 79
10 74.0 a 75. 10 76. 17 74.38 82. 99 93. 17 86 35 82. 33 73 29 73.25 75. 35 71. 47
11 74.03 74.83 75. 00 78 68 83.33 92.6 2 85. 44 81.57 73 08 73.19 74 99 71. 35
12 73. 63 74. 48 74. 76 80.85 83 46 92.02 84. 47 81.00 72. 90 73.29 74. 70 71. 40
13 73 44 74. 90 74. 48 81. 42 83. 16 90 97 83 83 80 79 72. 83 a73. 40 74. 42 71. 73
14 73 30 77. 33 7.1 24 81. 12 82.87 89 18 8:3 19 80 23 72. 90 73. 33 74.23 72.06
15 73.20 78. 80 74 05 80.73 82. 44 87 45 82. 35 79' 49 73 25 73.54 74 07 72. 50
16 73. 15 78.29 73 90 80 40 82. 32 8l. 2.1 81. 67 79 07 73 51 73.83 74. 03 73. 02
17 73.07 77. 6 73 69 80.05 82 25 86. 17 81. 47 78.62 73. 48 73.75 74. 02 73. f0
18 73. 04 77.35 73 22 79. SO 812. 36 87. 48 8f1. 60 78.19 73. 60 73. 48 74.23 74. 39
19 73.07 76 85 a73 00 79 20 85.02 87.90 81. 55 78. 03 74. 10 73.20 74.20 75. 09
20 72.95 75 99 72 91 78. 6l5 89 38 87 9S 82.08 78.74 75.08 b 73.00 74. 22 75. 38
21 72. 99 74. 93 72. 82 78. 40 92. 36 87. 77 84. 98 .9 70 76. 12 72.90 7 4. 26 75. 40
22 72. 00 74 10 72. 78 78. 23 93.45 87 25 89. 40 80 .10 77. 20 72. 70 74. 10 75. 38
23 72. 61 73 60 72 94 77.95 94.20 86.54 90.41 81 02 77 99 72.53 74 00 75.20
24 72 89 73 22 73 15 77.70 95.21 86 05 90 02 80 81 77 83 72 46 73 78 75.10
25 73 28 73. 13 73 45 77. 70 9t 07 85 77 88 76 80 09 77.30 72. 32 73. 75 75 10
26 73 20 7313 74 25 77 82 96)57 85 46 87 25 79 80 76 97 72 10 73 65 74 90
27 72.70 74 30 75 16 78 45 90 30 85 58 86t 35 79 47 76 55 72 00 7352 74 63
28 72.48 75.52 75 20 79 20 913 70 8C, 04 85 24 78 62 76 25 71 90 73 47 74 37
29 72 40 76.09 75 63 79 90 96.00 86413 84 33 77,94 75 S9 71 85 73 26 722Q
30 72. 30........ 76 33 81.051 95 24 85.80 83 70 77 48 75.39 71 87 73. 12 74 is
31 72.38 .

. 76.54 ........ 94.20 ........83.00 76 91 ........ 71.78 ....1.74. 12

aI edn c Ine les oealf RednIhnen-hl oto o
a Reading changed less than one lialt toot. b Reading changed one-half foot or niore.
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
BISSELLS POINT, MO.-Continued.

1897.

(Gauge 3.30 miles from Eads

Day.

1
2
3
4

6
6

7
8
9
10
11
12

13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

74. 15
74. 10
74. 70
88. 10
92. 15
92. 50
92. 910
92. 00

89.35
86. 20
83. 50
81. 10
79.
78. 70
78. 20
77. 80
77. 70
78. 10
80. 10
81. .5

82. 20
82. 3.5
82. 35
81. 95

81.30
79. 90
78. A)
77. 50
76. 15
74. 30
73. 55

Feb.

73. 00

72. 70
73. 00
73. 70
71. 30
74. 85
75. 21)

75 85
76. 1to
77. 65
78. 70
78. 95

78. 90
80.20
8(. 10

8(. 1)0
81.00
8(. 60
80.
s8. 10

so. I)0
81.00
82. 70
83. 20
83. 15
82. 90

82. 45
81. 30

Mar.

80. .10
79. 95
80.25
80. 70

82. 85

8.50

89. 86
89.

8!9. 05
88.35
87. 30
86. 85
86. 25
86. 05
85. 10
84. 90

81.85
81. 95

81.)95
85. 25
86. 10
86.81)
87. 50

88.30
88. .10
39. 70
91. 10
91. 65

91. 65

91. 65

91. 55

Bridge. Zero of gauge 320.36 feet above Meinphis datum plane. Gauge
read at 8 a. in.J

Apr.

92. 70

95. 75

96.85
96. 70

96. 75

96.85

96. 71)
96. 55

97.0)
98. 00

98.35
98. 20
97. 95
97. 15

96. 40

95.80
05. 70

95.85

95. 95

95. 9O
96. 10

96. 40

96. 65

96. 80

96. 5)

96. 10

96. 10

96. 90

98. 00

99.20

May.

99.95
100. 35
100. 25
99. 95
19. 15
98. 10
96. 90
9)5. 5(0
94. 40
93. .'0
92. 65
91.I5
90. 60
89. 70
88.

88.25

87. 45

86. 65
86.

85. 35
84l. 60

84. 1)5

83. 55
83. 15
83.05
83. 60

83. 75
83.70
83.70
84. 10
83.60

June.

82. 45
81.95
82. 10
82. 75
83.85

84.30
84. 65

8X1.80
84. 70
84. 35
84. 10
83. 65

83.10
82. 65
82. 30
82. 20
82. 20
82. 40
82. 50
82. 25
81.90
81.90
82.80
8:3. 40

83.35
85. 05
85. 35

85.90
87.80
89. 50

July.

89. 0w
89. 30
89. 70

90. 60
90.10
89. 00

88.70

88.30

88. 0

88. 10O
86. 70

86. 00
85.
83.80
82. 90

82. 30

81.90

81. 90

82. 20

81. 0

81. 40
80. 90
80.50
S(. 40
81. (0
8:3. 30

8S. .10
85. .,0
84. 20
82. 50

81. 60

Aug.

81.20
81.00
80.60
81). 10

79.80
79.
79, 35
79. 15
79.35
79.60
79.00
78. 70
78.15
78. 25
78. 20

78.15
78.00
77.85
77. 65
77. 15
77. 35
77. 10
76.95
76. 80
76 .45
76. 10

75.70
75. 35

75.05
741.80
74.50

Sept.

74. 20

73. 85

7.3. 65

73. 31)
73. 1.5
72. 95

72.85
72. 856
72. 85
72. 85
72. 71)

72. 50

72. 26
72. 05
71. 90)
71. 70
71. 5

71. 45'
71. t0
71.30
71.25
71. 15
71. 15
71.25
71.50
71. 60

71. 50
71 10
71. 30
71. 25

Oet.

71.20
71. 16
71.05
71. 05
71.05
70. 95
70. 9)
70.85
70. 71)
70. 65

70. 60

70. 55
70. 60
70. 45
70. 35
70. 35
70. 25
70. 25
70.20
70. 20
70. 1-
70. 10

71). 10
70. 10
70. 10
70. 10
t0. 1-5
70. 2)0
70. 20

70. 23

70. 25

Nov.

70. 30
70. 40

70. .5

711. 40

70. 40
70. 15
70. 10
*70. 90
71.05
71.30
71. 30

71. 30

71. 3()

71. 31)

71. 30)
71.35

71. 35

71. 10
71. (X)
70. 1)0

70. 85

70. 80

70. S8
70. 80
70. 80
70. 85

70. 9(
70. 95
70. 90

70.8&5

Dec.

70. 70
70. 45
71). 16
69.95
70.00
69. 20
68. 16
67.50
67.20
67. 40

67.40
67. 75
67. 75
68.20
(i9. 1mp)
68. 75
{9. 10

67. 90
67. 55
67. 45
67. 10
67.00
67. 0

67. 10

67. 15
67. 45
67. 90

68. 4A)
68. 90
69.20

1898.

(Gaugo 3.30 miles from Eads Bridge. Zerc of gatige, 320.36 feet abovo Memphis datutllm plane. Gaulge
rwt at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 69. 80 72.35 76.00 90.65 82.90 87.'65 91. 65 78.05 73.20 73. 40 76. 50 73. 10
2 69.90 72.65 75.85 89.65 82.80 87.35 91. 55 77.95 72. 85 73. 10 75. 45 72.50
3 69.30 72. 05 76. 70 88. 15 84.95 88. 05 90. 70 79. 45 72. 50 72.65 74. 70 72.00
4 68. 90 71. 50 75. 55 86.80 87.30 88.75 89.35 79.70 72.20 72.35 74.20 71.50
6 69..10 71.20 75. 40 86.00 89.00 89. 30 8.65 79.10 72.00 72.00 73. 80 71.20
6 69. 40 70. 80 75. 30 86. 05 89.25 89.50 88.15 78. 40 71.85 71.60 73. 75 70.85
7 69. 95 71. 15 75.15 86.40 89.25 89.05 88.15 77.60 71.85 71. 35 73.75 70.70
8 70.05 71.55 75. 05 86. 20 88.75 88.05 90.30 76.95 72.25 71. 15 74.20 70.15
9 70.20 72.45 75.00 86. 20 88.26 87.65 90. 55 77. 10 73.25 70.90 74.35 69.70
10 70. 45 72. 45 74.95 6. 45 87.70 87. 55 90.10 76.80 74. 15 70.80 74. 60 68.70
11 72. 15 72. 45 76.10 86. 20 86. 95 ' 88.50 89.15 716. 15 75.60 70.85 74. 95 68. 00
12 72.85 73.25 76. 45 85. 45 85.95 89.60 88. 65 75.70 75.90 71. 15 76.05 68. 55
13 73. 60 74.85 78. 00 85.00 84.90 90. 76 87.20 7f5.85 75.85 72.05 74. 75 68.55
14 74. 00 76. 15 83.05 84.80 84. 65 91.50 86. 05 76.35 75.25 71.60 74. 35 68.50
15 73. 80 76. 40 84. 75 85.30 84.10 91.60 85.00 76.25 74.65 71.05 74. 00 08.50
16 73. 60 76. 60 85. 20 85.46 84.80 92.16 83.6O 76. 65 74. 60 70.80 73.6 5 68. 90
17 73. 25 76. 8o&5.65 84.85 88.70 93.65 829. 50 76 . 21, 76. 35 70.50 73. 45 69.05
18 72. 95 76. 75 85.55 84. 10 90.95 94. 10 81. 70 76. 15 77. 60 70..50 73. 30 69.25
19 72. 65 77.35 85.20 83. 45 91. 70 93.65 81.05 75. 80 78.30 71.00 73.25 69. 55
20 72. 75 78.20 85. 82. 95 91.20 92. 55 80.50 76. 80 77.50 72.25 73.20 69.95
21 73. 35 79.165 85.160 82.40 691.30 91.20 80.35 78.00 76. .55 74. 50 73. 20 70. 40
22 73.95 79. 65 87. 6.5 81. 70 94.70 89. 85 80. 10 78. 15 75. 70 76.50 73.35 71. 76
23 74. 40 78.8.5 92. 50 81.45 95. 70 88.90 79. 30 77.20 75. 10 77.30 73. 25 74.20
24 74. 30 77. 80 92.80 81. 40 b 9n5. 88.20 78. 80 76.15 .75.85 77.30 74. 15 76. 70
26 74. 10 77. 15 92.30 81. 45 94. 70 87.55 78.70 76.50 76. 20 76. 70 74. 90 76.70
26 74. 25 76. 70 91. 40 82,20 93.60 86.90 78.80 75.15 75.95 76.00 76.10 77.35
27 75. 00 76.26 90. 40 85, 56 92. 40 87. 50 79. 10 74. 70 7.5. 85 75.25 76. 50 77.33
28 75. 20 78.00 90. 45 85,. n 91.25 89.75 78. 65 7.4.30 75. 35 75. 26 75. 65 77.00
29 74. 65 ... 90.05 84.60 90.60 89.05 78. 15 74. 10 74.50 76.65 74. 60 76, 70
30 74. 05 ..9.0.20 .3.50 89. 75 91.10 78. 25 74.0) 73.85 77.55 73. 75 76.20
31 73.60 ..0.90.5 ...... .. 88.70.. 78.60 73.65 ........ 77.35 ........ 75. 75

_ Reai_ che _n-a oo rmr. _ __ e les tha foot.

a Reading changed one-ha1f foot or more. b Changed less thaU one-half (00t.
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Tabulated gauiyc readings at selected stations between Chain of Rocks and Cairo-Cont'd.
BISSELLS POINT, MO.-Continued.

1899.

(Gauge, 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
real at 8 a. In.]

Mar |

82.30
Si. 70
81. 10
8(1. 04)

79. 93.

80. 00

79. 20
78. 533
78. 74)
79.00
79.10
79. 35
84). 00
81.20
3. 44)

, -1. M$)
8I1. 70

84). 80(i8/6. So
87. 1;o
87. 70
87.30
8 0.

84 . 75
3. 1;0

8I2. 70

0. 70

Apr.

84). 90
81). C .3
80. iO

W. (({
.,0. 25
84).

E I .25
81. :40
Si.50
8i.8081 . soC9K.

4-
8.1. 94)
84-. 7)
8;3. S)
S: I, "A
83. 50

5.
83.50
841.30

8 5. 1)5O80.

891. 25
92. 00

93. 40
93. 90
94. (0)
93. 90

,0
93. 70

May.

,43. 90(
9}:1. 84)

93. :io

91.

89. 4)(
88.

Sx. 310
87. 95

87. 910
87.9'0
.8.. ',3
8s 315
89. 70
'S). 00

S9. 05
88. 20
87. 70
,8!,3).
SI'.. 4
S80.87.50

SS. 1;0
90. 85
92. 10
93.30
93. 70)
93. 4:0

9'2. 90
92. iO

91.70
91. 70 1.

I

J1110. |July.

92.0| 89).35

92. 1 89. 95
92. 10 90. 6i5
93.4 )0 91. 25
93, 00 91.50
92. 50 91. 83
9J. 45 91. 95
91.14( 91.85
9 1. i .91.0

9'1. 3, 2.

92. 4'4i 92.40
93. :30 92. O)3
9:4. . 9 3

92. 90 9(1. 53
89.90

91. 20 89. 335
91. 20 S8.
91. 13 S88(.¶4)
91.4(O0 8975
90. 7 88. 20

h'9. 3'3 84j. 5o)
89. P0 85. 80
88.3.5 85. 235
88. 15 81.
.35 83. 90

S8S. 80 23
89. 15 82. 75
89. 40 82. 25
........ 81.80

Aug. I Sept. Oct.

81.70 74.70 72.20
81. 90 74.83 72.()
81. 83 74. CO 71.90
81. 30 74.40 71. 83
80. 93 74.20 71. 75
i 8). !95 74.00 71. 40
, 84). 4.3) 73.80 71. 40

80. 10 73.4 71. 20
841. 00 73. 00 71. 10
82. 73. 70 71. 00
84. 00 73.35 71. 00
83.85 74. 00 71. 00

, &3. 25 741. 00 70)90
82. 93 73. 90 70. 70
82. 50A 73. 80 70. 635
81.50 73.701 70. 60
8). 55 73.i5 70. 05
79. 90 7;3. 70 70. 80
79. 40 7;3. 935 7-0. 80
78. 80 73. 93 70.73
78. 410 73. 75 70.G5

8.3 7:. ;iO 70.
77. 20 73. 5 70.
70. ti0O 73, 1 5 70. 40
70. 1(1 72. 90 70. 40
7.5. 701 72.80 70. 33

7.5 50 72 70 70, 35
i 75.35 1 72. 3.5 70. 9)

75.101 72.7471.35
74. 83 72.35 71. 83
74.75 . ... 71.150

Nov.

71.25
71.25
71. 70
72. 00
72.20
72. 45
72. 70
72.90
73. 15
73.35
73. 15
73. 70
73. 75
73. 83
74. 00

73.90
73. 80

731. 80
73. 85
73.75
73. ('0
73. 60
74.00
74.05
73.90
73. GO
7:. 35
73.20
73. 10
73. 00

-

Dec.

72.90
72.80
72. 60
72. GO
72. 00
72. i;0
72. 45

72. 25
7'. 'i;

72. 20
72. Its4.1. 0i
72. 25
72.2
72. 4.5
72 .31)
71. to
71. C30
71. CO
72. 70
72. 10
71. 83
71. 30
70. 94)
70. 40
69. 90
i9. 20
1,.. 70
2is.20

67. 90
360. GO

1900.

[Gauge 3.30 miles from Elals Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
rea( at 8 a. mi.]

Day.| Jan. Feb. Mar. - Apr. a . JJune. July. Aug. Sept. | Oct. Nov. Dec.

l1 69.60 69.90 71.30 'SI.30 S:3.S3 81.15 79.7U79.30 77.80 78.40 80.80 78.00
2 WI9. 10 69.20 7.1. 20) 82. $53. 70 Si. 10 79.23 78.70 78.00 78.90 80.00 77.50
3 ).9 80 6.50) 73. 70 82.3iS3.()8 81.10 79. 10 78.30 78.10 8).20) 79.70 7700
4 70.20 68.00 73.45 82%.95 83. 5 SU).80 79.20f 77.90 78.00 SI.10 79.70 76. C0
5 71.10 X68.30 73.70 82..5 83.775 80.30 79.;30 77.40 78.00 81.20) 80.00 76..23
6 iS.SO 68. 80 76.00 83. 10 84.00 73. 90 79. 10 76.85 78.23 80. 710 S. 40 75.90iS. 8) 69. 40 83. 20 S;3. 80 8.1. 20 79.55 78. 93 76. 25 77. 70 80.30 81.30 75.135
8 69). 7) 71.30 S.5. 1) S4. 00 84.35 79. 4.3 78.40 75. 75 77.00 80.50 81.30 75. 0
9 (39. 70 73.80b 3..;0 8S1.70 8-.05U 7'. 30 7S. 40 75. 20 76. 50 81.10l 81.701 a 75.20
0 7i. 35 75. 20 86.30 84.'25 4. 23 79.04) 78.10 74. 90 76.)0 81.00 81.10 73. 00
1 70.65 75.20 sS. .0 83.90 81. 05 78.li 78. 10 7.1. 40 75.70 80.10 S0.70 74.85
12 0. 50 74.35 8S. 90 81.00 83.8& 7S. 435 78. 20) 74.00 75. 10 79.30 80.60 74l.75
13 1). 40 74. 6) 90. 15 84. 65 84.70 78.40 78.30 73.70 74.80 78.80 S.40 74 4.0
14 70. 40 71. 10 91.00 86.30 84.75 80.30 77.90 73. 40 74.30 78. 34) 84). 30 74. 15
15 70. 4 73.90 91.20 86.60 8;3.90 81. 80 77.50 7:3. 10 74. 40 78. 20 79.90 73 90
16 70. 20 73. 90 91. 40 85. 90 82.93 80.910 77.so 72. 90 74.25 78.00 79.3t0 73 h5
17 70.23 7.1.30 91.00 81.90 82. 25 80.10 77. 90 72.80 74.00 78.00 719.30 73.35
18 70.65 73.50 90.30 8-1. 10 82. 15 79. 40 77.430 a 72.90 73.83 78.00 7t9. CO 73. 0
19 71. 75 72.95 89.30 83. 45 82. 45 79. 10 77.30 74.1 73. 80 78. 10 79. 80 72 .70
20 74. 45 73. 20 88.03 83. 45 82. 45 79. 10 77. 10 75.90 73.?93 78.30 79.80 72.S0
21 75. 10 74.00 S8. 85 84J. 10 S2.30 79.35 77. 10 76. 90 74.20 78. A0 79.90 72. 2
22 74. 40 75.53 8S.10 8.4. 40 S2. 20 81. 20 78. 00 77. 20 74.7. 78.90 79.9 72'.Oj
23 73.60 76. 40 8.70 841.55 82.20 82. 40 79. 70 77. 20 73. 25791.l300 79. 72O 00
2.1 713. 30 77. 45 83. 10 84.90 82.20 82. 4) SO. 60 77.10 73. 45 79.90 80. 00 71.6i
25 73.30 77.00 84.45 3. 23 81. 8b2. 50 80. 80 7. 935 75.50 S8. 10 80.00 71. 00
26 73.10 76,0) S4.05 85.43O 81.30 82..10 81.01) 76.80 75.55 S0 30 79.'90 71- 3
27 73. 40 73. 40 8,3. 80 83.l3 81.13 81.80 80.70 76. 70 ;.S7 8S). 40 79.70 71.55
28 73. 20 74.5 S3.2() 8. 25 80. 80 81. 10 8O.30 76.7 5 76.23 )40749.390 71. b1)
29 72.35........ c2.70 84. 73 80. 80SO. 40 80.10 76.4t0 77.30 SU. ',Io 79.30 71. 10
30 71. 80 ........ S2. 00 81.30 81.50 79. 30 7,9.b0 76.t 0 77. 90 0.30 78.S 71. 00
31 71.10........ ....60 ........ 81.50 ........ 79.60 77.50...... U 4).j ........ 70. 95

a Changed less than one-half foot.

tDay.

1
2
3

4

6

7
8
9

10
I 1
121
131,24i
15

17
18

20

23 1
224
23
242',1
2.
28
29i30
311

F'eb.

67. .50
(i0. 10
438. 70)
49. 50

70 40

71. l'

7.. (XO

7;.30

75.1:972. 20
7'. 0

74D), . 4.3nt

I 73. 0

72. 24)

747. 0

1.' 207{) ¢90
I71). 45
I7().-10
> 70.55
I

.
. (

I 81. 40

Jan.

74. 35
7.3. 40
72. 0iO
72. 20
72. 3;5
71. 85
72. 2(1
72. 73
72. 00
71.80
72. (40
72. 4)0
72. 60
72. 835
72. :13
72. li5
72. 80
72. 7.
72. i.,
7'2. '.
72. 4.35

72. 50
72. 50
72. 70
72. (4O
72. L0
72. 30
71. 75
70. 55
68. 75

--
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Tabulated gauge readings at selected staltions between Chain of Rock. and Cairo-Cont'd.
BISSELLS POINT, MO.-Continued.

1901.
[Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above

rea at8a. m.]
Memphis datum plane. Gauge

Day.1 Jan. I Feb.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

70.80 72.35
70.50 72.10
70.20 72.00
693.90 72.20
69.35 72.00
68.95 71. (1
68.85 71.55
.68. 85 70.80
69. 40 70.40
70.20 60. 70
70.80 70.10
72.50 70.50
73.10 70.50
73.30 70.60
73.70 70.75
73.55 70.75
73. 40 70.90
73. 75 71.00
73. 60 71.45
73. 40 71.75
73.10 71.40
73.10 71.15
73.20 71.30
73. 30 71.65
73. 10 72.00
73. 00 72.65
72. 95 73.10
72. 85 72. 90
72.80 ........
72.90..0..
72. 70 ....

Mar.

72.60
72. 10
71.'072.05
72.65
73.15
73. 40
74.20
75. 10
77.00
80.60
83. 80
85. 10
85.20
81.80
84.50
84.35
84.35
84. 10
84. 15
84.05
84.85
85.60
80. 10
86;. (i(
86. 8(
86. 70
86.30
86.00
85.85
85. 90

Apr.

86.15
86.30
86.30
86.610
8(.80
87.30
87.50
87.80
88. ;30
89.60
8'3. V0
90.00
90.30
90.35
90.35
W.05
90.50
91.10
90.90
89.95
88.80
88. 15
87.55
86. 0
86.25
85.70
85.20

84.50
84.10

| May.

i83.70
83. 40
8. 10
82.80
82.50
82.30
82.00
81.75
81.50
81.20
80.90
80. 70
80. 55
80.20
79.95
79.70
79. 50
79.30
79. 10
78.80
78.50
7S.20
78.00
77.80
77.50
78.30
79.00
78.70
78.30
78.10
77.90

June.

77.75
77. 70
78.90
80.30
80.50
80.75
91.00
81. 40
81.55
81.30
81.00
80.80
80. SO
81.20
82.00
82.40
82.10
81.60
81.15
8(.90
80.90
81.00
81.50
82. 410
82. 75
83.00
83.30
83.60
83.50
82.90

July.

82.30
81.70
81.00
80.30
79. 75
79.30
78.90
78. 80
79.00
80.10
80.16
79.50
78.90
78.65
78.50
78. 40
78.40
78.35
78.35
78. 50
79. 10
79.10
78. 45
78.00
77.50
77. 10
76. 80
76. 50
76.30
76. 10
76.10

Aug.

76.30
76. 40
76. 10
76.20
76. 10
75. 70
75.30
7-1.80
74.55
74.30
74.10
74.00
73.90
7:3.80
73.60
73.50
73.25
73. 20
73. 10
72.90
72.80
72.70
72.60
72.50
72. 0
72.25
72. 10
72.00(
71.80
71.65
71.45

Sept.

71.30
71.20
71.05
70.95
70.80
70.70'
70.55
70.45
70. 15
70. 40
70.30
70.30
70.25
70.25
70. 20
70.00
70.00
70. 15
70.45
70.90
72. 10
73. 00
72.80
72. 40
72. 10
71.75
71.55
71.35
71.25
71. 15

Oct.

71.05
70.85
70. 75
70.60
70.r60
70. 75
70.85
70.90
71.10
71.15
71.10
71. 15
71.35
71.20
71. 10
71.05
.71.25
71.50
71.75
71.95
72.05
72. 10
72.05
71.95
71.80
71.7.5
71.75
71.80
71.85
71.85
71.85

Nov.

71.85
71.76
71.60
71.50
71.30
71.30
71.15
71. 15
71.05
71.15
71.15
71.30
71.35
71.25
71.25
71.30
71.20
71.15
71.15
71.15
71.10
71.10
71. 10
71.15
71.05
71.05
70.85
70.80
70.80
70.75

........

Dec.

70.70
70.65
70. 55
70.45
70.35
70.30
70.20
70.25
70.45
70.40
70.15
70.05
70.25
70.50
69.95
69.50
68.25
67.65
66.55

b67.95
b68.05
b U8. 95
b 70. 10
b 71.00
b 71. '0
b 73.80
b 74.30
b 74.00
b 73. 95
b 7:3. 70
b 73.75

a Changed less than one-half foot.
b Doubtful on account of Ice, gorged from D)eceiber 20, 1901, to January 11, 1902.

1902.

(Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
rea(1 at 8 a. m.]

Day.

1
2
3
4
6
6
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
26
20
27
28
29
30
31

Jan.

a 73, 50
a 73. 05
a7 1. 80
b 71. 75
* 74. 15
* 75. 70
0 76. 30
* 75.60
* 74.60
a 72. 45
0 70. 15

69. 50
09. 30
69. 00
68. 50
68. 95
69. 30
69. 40
69. 45
69. 55
69.60
69. 60
69. 55
69. 40
69. 35
69. 10
68. 55
67.50
66.65
66. 45
67. 30

Feb. Mar.

67.45 72. 00
67.65 72.20
67. 70 71. 95
71.30 74.00
72.30 74.00
72. 10 73.60
72.80 73 80
72. 80 74 70
72.30 76.00
72. 30 76. 90
72.50 76. 90
72.50 7.80
72.80 77. 70
72. 70 79. 10
72. 50 79. 70
72.90 81. 10
73. 10 81. 40
73.00 81.00
72.90 80.40
72. 70 79. 50
72. 80 78. 45
72.80 77.05
72.60 77. 30
72. 40 76. 90
72.00 76. 40
75. 10 76. 00
71.60 75. 90
70. 90 70. 05

....... 76. 05
........ 76. 10
........ 76.20

Apr.

77.70
78.90
79. 00
79.00
78.90
79. 10
80 30
80.20
79. 40
78. 40
78. 40
78.00
77.60
77.25
77.00
76. 80
76. 50
76.40
76. 40
76. 30
75.75
75.50
76.00
77. 10
76. 76
76. 30
75. 40
75.20
75') 45
75.90

.

May.

76. 00
76. 1.5
78. 35
79.20
78. fi0
77. 70
76. 60
76. 00
75.80
76.55
78. 10
78.90
79.60i
80.90
79. 90
79.80
79.60
79 60
79 90
80. 40
80.30
79.80
79.80
80.20
80.90
81.70
82.70
84. 85
86. 40
86. 40
845. 15

85. 85
85.85
87.35
87. 90
87. 75
87. 55
87. 15
86t 35
86i.10
86. 60
87. 35
88.20
88. 15
88.60
89.50
89.45
89. 05
88.80
88.50
88.20
87.P80
87.25
87. 10
87. 10
87. 00
87 00
87. 35
87 90

I :l 85
90.00

July.

91.70
92. 40
93. 00
93.20
92.80
91.85
91. 15
90.60
90 85
90 55
89 90
90. 10
91.30
92.70
93.70
94.10
94.60
94. r5
95. 20
95.15
94. 90
91. 80
95. 25
95. 70
95. 75
95. 85
95. 55
9.4 70
93. 90
93 01I
92. 10

Aug.

91. 40
9(4 45
89. 50
88. 70
.88.40
87. 90
87.80
87. G0
87. 15
86.70
86.05
85.50
85.25
85. 10
84. 40
83.55
83. 10
83. 00
83. 55
85. 10
85. 50
86;. 50
86. 90
87. 00
87.00
87.00
87.30
88. 10
88.75
89).10

89I 10

SeJ)t. I Oct.

18. 85
88 20
87.80
88.30
88.70
88.10
87.20
80.10
84.80
83.8 5
83.10
82. 60
81.85
81.00
80.20
79.50
78.70
78.20
77.70
77. 10
76. 50
76.00
75.65
75. 45
76. 60
79 55
81.20
82. 10

183.50I
84. 75

85.00
84. 65
84.70
85.70
86. 40
86. 90
87.75
88.80
89. 45
89. 15
88.30
87. 40
86.50
85.50
84.f60
83. 85
83. 60
83. 60
83.85
84.20
84.5,0
85.20
85.5
85. 40
K5).20
84.80
83. 70
82. 30
81.00
80.10
79. 40

Nov. jec.

78.90 82. 0
78 40 82.00
77.90 81.65
77. 45 81.30
77.35 81 30
77.60 81. .t
78.50 81.70
78.65 82.00
79.20 81.60
80. 05 80. 80
80.30 79.80
79.75 78.6
79.20 78.50
78.70 78.80
78.25 78.40
77.95 77.60
78.05 76. 85
78. 45 76.85
79.69 77.20
80. 90 78.05
81.70 78.55
81.80 79.60
81.70 80.30
81.30 81.40
81. 10 82.50
81.20 82. 30
81. 40 c82. 00
81.60 81. 25
82.20 80.30
82.80 78.80

........ 77 40

e*oul)tlfjl, tcouIl ofl ce. bl eadling nluilged( oie-lhal foot or

: = sr= _ ,_ _ _
Day. Xan. | Feb.

wore, hw.s thati otte-half foot.
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Tabulated gauge readings at selected stations between ChLain of Rocks and Cairo--Cont'd.
BISSELLS POINT, MO.-Continued.

1903.

[Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis dattum plane. Gauge
readl at 8 a. in.]

Day.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan. Feb.

76.25 78.00
75. 75 77.65
75.85 77. 70
76. 30 79.60
76. 05 83. 60
76.95 84.30
77. 30 83. 10
77. 30 82. 20
76. 90 81. 20
76. G0 80.00
76.00 79.00
75.00 79.00
74.05 79. (;0
73.20 79.60
73.00 79.50
73.00 79.20
73.55 78. 30
73.95 77.50
74. 70 77. 10
74. 95 76. 60
75.15 76. 30
74.95 76. 35
75.00 76. 45
74.80 76. 40
74. 70 76. 55
71. 20 76. 75
'74. 55 77. 40
76. 70 81. 70
78. 40 ........
78.20 ........
78.20 ........

Mar.

83. 40
83. 70
84.20
85. 10
85.80
85. 90
86. 60
88. 80
92. 10
93.15
93. 15

a 93. 20
a 92.60
a 92. 30
92.60
92.30
9i.l60
91.80
91.70
91.50
92.50
W2.80
92.41
92.40
92.00
91. (0
91.20
0.60

89. 90
89.45
89.05

Apr. May.

88. 75 87.00
88.50 a 86. 70
88.20 S6 40
88. 20 86 10
89.101 8). 80
90.25 85.50
90.70 75.40
90.80 85.20
90. .10 85. 25
90.00 85.35
89.85 85.25
91.401 85.00
92.30 84.60
92. 60 84. 410
92.80 81.05
92.75 84. 10
02. 55 86. 00
93.20 8. 40
02.90 89.50
92. 20 89.85
92.00 89.45
92.15 89. 10
91.60 8. 80
91.00 &8. 70
W. ;30 89. 10
89. iiO ',. 60
X9.00 9:3.00
&S. 40 93s. 30
X7. (90 9.:3. 30
87. 50 93. 70

........ 91.70

June. July.

97.10 89.15
99.05 a g90
100.75 88.00
102.00 87.00
103. (A 86. 10
104.90 85.40
107.00 85.00
107.40 8-4. s0
108.00 84.80
108. 30 84.85
108.20 84.80
107. 90 R1.45
107.30 83.75
106. 30 83.45
104.6O 83.65
102.90M 81. 50
101. 30 5. 80

9.80 87.15
98.20 87.90
96.90 87.410
96.10 86.80
95.50 86. 65
91. 50 86. 75
91.00 87.00
93.55 87. 35
93. 15 8Y. 40
92. 00 8S.55

). 70 87. 70
89. 6;(0 86. 95
89.()00 80. 35

85.55

Aug.

84. 70
83.95
83. 25
83. 80
82.35
82.10
83. 20
8-1. 30
84. 50
81. ti
8-1.90
81. 65
81. 70
84.85
85.05
85.45
X1.85
84. 95
85.35
85. 40
85.55
85.45
81. 95
84.05
8:3. 35
83. 10
S2. 70
S2. 75
83. 15
81.00
84. 70

Sept.

85,45
87. 30
87. 0
87.90
87. r50
86.35
85. G0
81.95
85.10
81.50
81.55
85. 80
87.65
88.30
88.25
88.85
89.05
88.45
88.30
88.35
87.85
86. 90
86. 10
85.35
81.75
84.30
81. :'0
84. 50
8. 70
84.70

Oct.

81.80
81.85
8.90U
85.00
85. 30
85. 60
85. 0
86. 60
87.90
89. 10
90.10
89. 90
89. 50
89. 15
88. 80
88.30
87. 65
S6. 'W
86. 35
85. 90
85.30
81.80
84. 40
84. 10
84.00
83. 85
8:3. 65
83. 50
8:3. :3s
83. 20
83. 10

Nov.

82. 90
82. 80
82.50
82. 25
82 10
82.00
82. 50
82. 85
82.80
82. 41
82. 10
81. 70
81. 15
80.6o

a S(OCX)
79. 70
79.440
78. 90
78. 40
77.80
77.50
77. 10
76i. S0
76. -10

75.50)
7.5. 10
74. (0
7-1. 20
73.80

Dec.

73.55
73. 35
73.00
72. 65
72.20
72. 10
72.00
71.80
71.65
71.5)0
71. 15
70. 95
70. 55
69.40

b 69. 20
b (iS. 8'
b (..50
b 6S. 35
b 69.0S
b 69. 20
69. 55
70-.10

c 70. 45
71. 15

c 71. 85
a 72. 30
c 71.70
71.40
71. 70
72.00
72. 50

a Changed less than one-half foot. b Doubtful on account of Ice.

1904.

c Reading changed one-balf foot or inore.

(Gauge3.30 miles from Eads Bridge. Zero of gauge 320.30 feet above Memphis datum plane. Gauge
rend at 8 a. in.]

Sept.

74.95
74.50
74.30
74. 30
74.90
74. 80
74. 40
74. 10
73. 80
73 90
74. 10
74. 00
73.75
73. 75
73.55
73. 40
73. 45

a 73. 75
74.80

a76. 10
77. 90
78. 40
77. SO
77.20
76. 60
77. 30
78 00
78 00
77 90
78 50

Oct. Nov.

78. 75 77. 40
78. 50 77. 30
77. 80 77. 20
77. 40 b 77. 05
76. 75 b 76. 90

b 76. 25 76. 75
76. 10 76. 60
76 00 76.50
75. 75 76. 40
75. 40 76. 30
75. 30 76. 20
75.20 76. 10
74 90 76.10
74. 65 76. 00
74.40 75.80
74. 30 b75. 60
74.20 75. 40
74.20 75.20
74. 10 75. 10
74.00 74.90
74.20 74.70
74.20 74.50
74. 45 74. 35
74.70 74. 15
74 95 73.90
75. 30 73. 75
75. 0 73.6O
76. 20 73 40
76;. 60 73 25
i76i90 .73. 25
.177. 35 t........

Dec.

73.10
73. 00
72. SO
72. 70
72. 50
72. 40
72. 10
71.80
71.65
71.U5
71.60
71. 45
71.30
70. 45
70.00
69. 90
9. 60

69. 10
68. 60
68.60
68. 50
68. 4C
68.30
68. 75
69 00
69 25
70 20
70. 00
GS 90
68. 30
(8. 10

* Reading changed one-haLl foot or inoro.

Day.

2
3
4

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
2'2
23
24
25
26
27
28
29
30
31

Jan.

72.80
72.70
72. 70
71.95
71.40
71. 45
71. 40
71.40
71. 10

a 70.90
a 71.00
a 70. 95
a 71. 00
* 71. 10
* 71. 60
a 71. 65
a 71. 60
a 72. 00
72.25

a 72. 30
73.10
76.80
80 70
82.80
82.50
82.20
81.20
79.65
78 60
77.35
76.15

Feb.

75.20
74.20
73.90
73 80
73. 75
73 90
74.80
74.95
75.20
75.85
76. 50
77.20
77. 40
77.70
77. 95
77.60

b77.20
a76. 70
a76.310
76. 25
76. 00
75. 40
75 00
75.00
75. 30
75.50
75 80
75. W0
75. 35

Mar.

75.05
74.80

b74.80
75. 10
75.20
76.30
76.80
77.00
77.65
77.90
78. 40
79 20
79 25
79 40
79 25
79 10
79.30
79 90
80 40
80 50
80 50
80 95
82. 90
84.50
85.50
87. 50
88 40
90. 85
92. 40
93 00
92. 95

Apr.

92.70
92. 40
92.10
91.50
o90.85
90 25
89. 60
89 10
88 85
90 20
90 90
91.150
91. 75
91.50
91.50
91.40
91.25
92. 60
92.80
92.30
91. 70
91.80
92 00
92 70

99 95
bjol. 35
102. 10
102'75
1902.60O

May.

102.20
1(11.95
101. 10

al00 00
a 99. 10
97. XO
96'. 40
95. 30
95. 20
95. 0O
94. 40
93 70
92.80
91.80
90 90
90 20
89.70
89 80
90 35
90 60
90 00
89. 30
88.70
88. 00
87.60
87 30
87 00
87. 80
87 70
88 20
90. 00

June. July.

91.80 92.G(
93.20 91.9(
9:3.00 9I1.4(
91.80 9( 9(
93. 40 90. 4 -'

96. 10 89 91
97.60 89 LX
97.50 8&.8(
91.8s0 91.8(
95.70 94.2(
9a4 90' 96. 0(
94.00 W. 9-
1.3. 20 07. 0
92.90 96.1(
93.00 94.4!
93 60 92.3(
93.70 90 4(
9:3 (10 89 7
93. 40 89 3(
93.50 88 91
93. 70 W88.3
91 20 87. 0(
93. 80 85.81
92. 70 85. 2(
91.00 85.0(
19) 10 84. 9.
89 80 84 5
811 75 8:3. 31
90 70 8'2. 3(
92.20 a81.5f
.. .... I a 81. O()

. Aug.

a 80. 40
a 7 90
79 50
79. 10
78. 90
78. l0
78. 30

b 77. 70
77. 10
76.80
76 00
75. 50
75.30
75. 10
75.20
75. 30
75. 60
75. 50
75. 50
76. 70
78. 50
78 20

a 78. 50
*a79. 10
*078.80
b 79 40
79 40
78 60
77 30
76, 25
75.660

I _;
-

)1
11
i

I

i

i

b Clian&d less thall one-half foot.



156 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
BISSELLLS POINT, MO.-Continued.

1905.

[Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
rea(i at 8 a. in.]

Jan. Feb.

67.70 79. 70
6)8. 00 78. 50
69. 40 77. 80
70.50 77. 70
70. 10 77.90
70.30 78. 00
70.30 77. 90
70.00 77.60
70.25 77. 50
70.00 77. 20
69.70 77.00
69.40 76.90
69.00 76. 45
68. 40 76.20
68.10 76. 40

b67. 90 76. 45
b 70.70 76. 50
b 73.00 76. 50
b 74. 30 76. 45
b 74. 70 76. 40
b 75. 10 76.50

b 75. 40 76.60
b 76. 00 76. 70
b 76. 40 76-.70
78. 30 a 77. 00
78.90 77. 90
79.30 8I0.50

80.20 83. 70
79.90.
79.60
79. 80

Mar.

85.70
85.U60
85.60
85.(O
87.00
S8. .50
85. 60
85. 30
84.80
84.,40
84. 40
841.35
84.10
83. 00
82.00
81. 10
81.00
80.90
80.70
80. 50
81). 30

a 8(. 70
81.60
82. (;O
83.(0
83. 5;0
Ki. (0
84. .10
8). ()(
85. 30
85.10

Apr.

85.90.
86. 70
86. 5'0U
86.30

86. 10
85. 50
84.80
81.20
83.50
83. 10
82. 70
82. 40
82.30

82. 30
82.30

82. 20

82. 40
82. 40
82. 20
81. 90
81.70
81.30
81.30
81. 85
82. 0

$2.70

83.

83. 40
83. S0
84.90

May.

85. 45
84.80
84.00
83.00
82. 40
81.80
80. (60
79.90
79.30
79. 10
79.20
79.80
79.80
80.70
82.20
84.35
86. 15

87. 15
87.60
SS. 70
88.50
87. 70
87.00
S6i. 70
8i6.30
,8).0)

X5). X5;
b6s.20
86l. 40

87.25
87.35

June.

8.85

8(.70
87. 10
SS.00
88.50

88. 10
87.50
86.90
86.46
85.95
86.30
87.35
88.00
88.75
89.00
X8. SO
88.30
87.90
88.40
88.60

8. 50
88. 10

$8. 20
88.80

89.40

891). 50
S9. 70
89.95

'. 30

a Reading changed one-half foot or more.

July.

90.80
90.80
90.75
91.30
92.30
92.90
93.40
93.30
92.90
92.80
92.80
92.90
93.30
94. 10
94.40

a 93, 95
92. 80
91.10
89. 70
88.70
88.00

* 87.30
86. (6O
86.80
87. 30
88.21)
88.0)(
86. 8(
S6.()O
85.90
87. 45

Aug. Sept.

a88.50 79.50
89.20 79.30
89.60 78.80
89. 60 78.30
88.80 78.00
87.80 77.90
86.90 77. 80
86.00 78.00
85.10 77.90
84.50 77.70
84.20 77.80
83. 40 a 78. 80
82. 80. 30

82.35 79.60
81.80 78.80
80.90 78.80
8O. 10' 81.00
80.20 91.90
80. 50 95.'0
81.00 97.90
81. 40 98. 80
1.80s 98.60

83.20 97.60
85. 90 9. 20
86.30 92.50
85.80 90. 70
8.; .( S. ()(
85. 00 86.80
83.40 84.90
81. 80 83. (Co
80.50 ........

Oct. Nov. Dec.

82.80
81.90
81.30
80. 70
80.30
79. WO
79.20
78.60
78.10
77.80
77.50
77.10
76. 80
76. 50
76.20
76.00
76.80
77.90
85. 0
85.00
83.00
83.00
82. 70
82.30
81.90
82. 40
83. 70
82.50
81.80
81.40
80.90

80. 30
80.00
80.20
80.430
80. 90
80.90
81.60
81.60
81.20
81.00
80.90
80.90
81.20
80.90
80.20
79.40
79.00
78.10
77.80
77. 60
78.00
77.70
77.20
76.90
76.80
76. 70
76. 60

76. 50
76.90
77.60
.......

78.00
78.20
77.90
77.60
77.10
76.60
76. (00
75.20
74.40
73.70
73.30
72.90
72. 70
72.90
73.10
73.00
73.00
73.00
73.20
73.30
73.60
73.60
73.50
73.40
73.20
73.10
72.90
72. (J0
73.60
73.80
74.20

b Doubtful on account of tce.

1906.

(Gauige 3.30 nmIles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge
read at 8 a. in.]

Day.|

1
2
3
4

5
6

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27.
28
29
30
31

Jal.

/74. 3
74.3
74.6
76.0
81.5
83.6
8.0

81.9
80. 6

78. 8
77.2
76. 4
75. 7
75. 5
75.2
75.4

74.9
74- 6
74. 6

74.9
75. 5
77. 4
78. 6
80.7
81. 0
80. 7
80. 5

80. 3

80. 2
W0. 6

81.3

Feb.

82.0
82. 4
81.9
80. 9

80.2
79.3
78. 7
77. 6

76.9
76. 6

76. 3

75.9
75.7
76. 9
76.1
76. 0

76. 2

76j. 5

77..0
77. 4

77. 7

78. 0
79. 1
81. 9

815.0
87. 0
88. 5

89. 4

1- ...--

Mar.

90.0
9J0. 4
91.0
90.0
89.0
88.0
87. 2

86.7
86.8

86.25ISC). 2

85. 8

85.4
84.9

a 84:. 5

83. 0
K).3
82.0
81.4
S0. 5
79.7
79.5
79.5
79.7
80.0
85.1
89.8
91.6
92.7
93. 4

Apr.

93.2
92.9
92.3
91.9
92. 2

I92'.0
91. 7
91.8
92.3
9'2. 5
92.2
91.8
91.8
93.7
9.4.4
93.8
93.2

0

923.8
92. 4

92.0
91. 7
91.2
90. 8
90. 5

90. 3

89.9
89. 7
89. 5

1 ---..

May.

89.3
89.3
89.3
89. 4
89. 2
89. 1

b 90. 2
90. 7
90.0
89.1
88. 5
87.9
87.3
86. 5
85.9
85.2
84.4
83.7
83.2
82.9
S2.3
82. 0

bS1.8
81.o
81.4
81.3
81.2
81.4
81.5
81.3
81.7

June.

82. 7
83. 6

84. 1

84.8
85. 4

85. 3

86.0
86. 7
87. 6
87. 8
88. 0

87. 8
87. 2
87. 0

b 86. 9
a 86. 5
86. 1
86. 1

86.2

86. 6
87. 8

88.7
89.3
89. 8
90.0
89.0
88. 3
88. 0
aSS. 3

88. 3

July.

88.0
818.0

88.2
88.1
87.7
87.4
86. 9

86.4

86.0
8.5.4
84.6
84.2
83.7
83.4
83.0
82.8
82.4
82.0
81.6
81. 1
80. 7
80.8
80. 7
81.2
82.4
82. 8
81.8
81.2
80.4
79.6
79.0

Aug.

78.6
78. 4
78.8
78. 7
78.1
78.0
77.8
78. 0
78.0
78. 2
78.8
79.0
79. 7

80. 6

81.2
81.3
80. 8
80. 0

79.6
79. 8
79..9
79. 5
79. 1
78. 6

78. 0
77.9
80. 3
81.2
80. 3
79. 4
79.0

Sept.

78.3
77.8
77. 5

77.3
77.0
76. 9
76. 8

76. 7

76. 7

76. 7

76. 9

77.0

76. 9

76. 7
76. 5

76. 4

76.2
76. 1
76. 6

76. 9
76.8

76. 7

76. 7
77. 4
78. 7

79. 1

79.3
79. 4

79. 8
79. 7

Oct

79.9
80.2
80. 6

0St.8
80.33
79.1
78. 3
77.8
77.4
76.9
76. 6

76. 3

76.0

75.8
75.6
76. 4
75.3
75.2
75.0
74.7
74.6
74.4
74.2
74.2
73.9
73. 7

a 73.6
73 5
73.3
73.3
73.3

Nov.

73.7
74.5
74.8
75. 1

a 75.3
75.3
76. 4
75.61
75. 7
75.9
76.0
76.0
76.0
75. 9

718. 1

76. 2
76. 3
76, 1

76. 1
76. 7

77. 1

77.2
77.0
76.9
76.8
76. 8
76. 8
76. 7
76. 7

Dec.

76.8
77.1
77.5
77.6
77.7
78.0
78. 5

78.6
78.0
77.6
77.4
77.2
77.0
76. 8
76. 5
76.2
75.6
75. 1
74.5
73. 8

73. 7
a 73. 7
73.3
72. 4
71.8
71.3
70.8
70. 5
70.6
71. 4
72. 1

a Heading changed less than one-haU foot.

Day.

1
2
3
4
6
6
7
8
9
10
11

-/ 12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
31
301
311

_

.__ __

b CWwged one-half foot Qr more.
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cout'd.
BISSELLS POINT, MO.-Contlnued.

1907.
[Gauge 3.30 miles from Eads Bridge. Zero of gauge 320.36 feet above Memphis datum plane. Gauge

read at 8 a. in.]

Day Jan. Feb. Mar.

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

72.8
73.4
74.1
75. 1
76. 3
77.4
77.8
77.9
77. 9
77.9
77.8
77.7
77.7
78.1
78. 7
79. 1
80.3
83.3
86..2
89.9
93.3

a 93. 8
94.0

b 93.5
92 5
90.9
8o. 0
87. 8
86.6
5).8

8&. 1

84.4
83.7
82. 9
81.9
80.9
79.06
78. 1
76.5
75.8

a 75.6
75. 7
76.0
77.0
78.0
79. 8
79.4
79.2
79.8
80.4

I80.1
79.7
79.f6
80.6
81.8
82.8

83.1383.3
83.2

83.0
82.8
82.4
82.0
81.7
81.7
81.6
81.4
81.0
80. 6
80. 8
81.7
83.4
86. 1
843. 5
85'.9
8.;.1
81. 9
81. 6
84.6
8'5.1
81. 4
83. 7
83.0
812.8
82.7
82. 7
82. 6
8Y2. 7
83.8
8..2

Apr.

85.085t. 4
85.5
85-. 2
85.1
8,5.1
84. 8
84.8
,S

.;. O85.085.08,. 1
8:;.
86. 8
87.0

86. 886;. 7
86i. 6

87. 18S7.7
8S. (i
88.2
SS.48S. 08.8.0
87. 7
86. 8
S(6. 1
86t.2

May. June.

87. 1
87. 4
87.5
87. 3
86.6
8i6.2
86. 3
87.0
87. 9
88.4
87. 9
86..9
86.0
85. 1
8.5.1~87.5
89. 4
89.8
89.0
87.8
S6. 0
85.0
81.5
83.6
83.0
82. 3
82.0
83.0
M.2
83. 0
82. 9

82.8
jS3. 1

81. 2
87.0
89. 0
S9t} 7

8)1U.7

)91.0
L91.7

91.4
92tt.2
91.2

89. 4
89. 0
91. 2
88. 2
89. 8
89. 3
91. 3
91. 7"
92. .8
89. 9

92.58
92. 1

July. Aug. Sept. Oct. Nov.

91.7 94.2 81.6 76.8 74.4
91.0 92.8 81.5 76.9;1 74.5
90.6 91. 4 81. 6 77. 3 _.2
89. 7 0. 5 81.0 78.2 7-1.2
88.9 89.7 81.5 78.8 74.0

a88.2 89. 1 81.4 79.2 74.0
88.2 88.5 81.1 79.3 73. 9
88. 5 . 3 0. 8 79.4 73. 8
88.4 X7. 9 aW.4 79. 8 73.8
88.6 87. 7 79. 6 W.2 73.8
88.7 87. 1 79. 0 L. 5 73.7
88. 7 86(. 5 78.5 8)0.6 73. 5
&8. 8 81.0 78.0 n18 4 73. 4

aaX9. 4 8.;. 7 77. 7 79t. 9 73. 3
90.1 ,. 777.2 79.4 73. 3
90.3 85.0 77.(0 79.0 73.3
91 1 84.7 7". 8 78.4 73.2
92 7 81 3 7'.5 77.9 73.2
93. 8.5WI 76. 1 77.5 73. 2
93.X8 6. 1 7*5.;8 77.2 73.2
9 1.2 86. 3 75.5 76. 7 73. 4
9-1. 9 8tH.I 75.4 76. 4 73. 4
95.6 85.9 75.5 a 76. 1 73.3
96. 3 85. 4 75.9 75. 8 73. 2
96. 8S.5. 0 76. 2 75.5 73.2
96. 6 85.6 76. 1 75. 41 73. 1
96.0 84.4 76.5 75. 3 73.2
95.4 83. 0 76.8 7 0O 73. 3
95. 1 S2. .1 76.9 74. 7 73.4
95.0 S.0 7.8 74.50 73.4
91.9 1. .. 74.4......I.

a Readitig chlange(l oiw-lmlf foot or more. * Changed less than one-half foot.

1908.
[Gauge 3.30 mIles from Eads Bridge. Zero of paup.r 320.36 feet above Meniphis datum plane.

read at S a. in.]

Apr. May. June.

82.60 84.40 96.00
82.10 83.0S j (v1)82.60 83. 40 9-. 20
82. 40 83. 410 '920
2. 50 8. 70 98.. 70

82.50 84. :70 9. 70
82.50,8! .70
82'.80! 843. 99.(Jo
83.60 87.10 99.60
85. 90 87.9(0 91).0U)
87.00 8.'09.103
87.90 88..54) 99. so
87.90 87.80 10.20
87.70 87.30 I1o.x 0
88. 00 87.70 I l.50
87.70; S. 70 102'30
87.00 91.20 103.70
86.30 92.10 10i. 40
85.50 1 92 50 101. 6O
84.70 92.50 1 60
83.90 92.00 104.10
83.60 91.60 1 l0:1.9
83. 40 91.40 103.50
83.80 91. 40 103.20
84.10 91. 10 i 03.00
84.30 91.20 112.5O
84.90 92.40 102.10
85.70n 93.70 101.40
85.90 94.10 1O0.0 I
85.00 94.40 i.100.00ot --.. 959.60 ......

July. Aug. Iept. |Oct. Nov.- lec.

3.9... . .. .. . ... . . ......99.so, A.. . .. . ... ..... 7.. . .:.. .

I(O~)((O .,...... 1....... ..,,..... ........ .......
1,Xs. 10 .. .. . ........ ........ . .. .....i..-!

Mo IM}' t.......... ........ ........ ........ ............

I00()"It) 1........... ........;....,,,,,j........................

lW5(3.) { .. ................ ........ ........95#.00 I ~~~....... ,... , , ......,,'

.t) 70 ............. ........- ........ ......

9,.00
........

........

.

.. . . .. ....1... ..... .. ... .. . ... . ...

9;;. 10 . . . ..... .. .. . I. .

'34. 40 .. .. . ..... . .. .. .

vi 'to I. .. .. .. .. . .... . .. .. . .. . .'''()2 20 ....... .. .. . .. .. . .. .. . ..iOL| . *..... ........ ........ ... ..

.... .. ... . . .. .. . .. .. .......!Yl. (O .. .. . . . . .. .. .. .. .. . .. . .

91.9) .... ...
I

.. .. . ... ..

91.'0 .. .. . ... . . .. .. . .. .. . ... ..{... .. . .. .. . .. .. . ... . . ......

'D° 60 1----.--1 -- ---' - .-..
go. lo ....-. ....--.1--..- - - - -- -... .

89.60 ... .......

89. 40 .. .. .. .. . . .1 .. .. .. .. .. . .......

8'330 .. .. . .... . . . . .......-. -..-...

8'310 .. .. . ..... . .. . . .. . . . . . .

8&S.f60 ..... . .. . . .. . . . . . . . . . .

88.10 .. .. . ... . . .. . . . . . . . 1 . . .

I9l.70.
96i ~ __.

*Interpolated-no reading.

D)ec.

73.3
73..2
73.2
7:3. 1
7;3.0
72.9
72.8
72.5
72. 4
72. 4
72. 3
72.0
71.9
72.0
72.0
72. 1
72.2

72.5
72. 4
72. 2
71.8
72.0
72. 1
72. 1
72.0
72.0
71.8
71. 7
71. 7
71.8

Day.

2
3
4

Gauge

Feb.

71.10
71.00
09 3t)
69. 30
69.30
69. 80
69. 70
70.30
70.80
71.00
71.10
71.90
72.00
72.00
75.30
79. 70
I2.50
8~2.50
82.90

I.83.90 1
83.80
83.30
82.90
82.50
81.90
82.20
83. 80
84.90
84.80

Jan.

71.90
72.00
72.20
72. 20
72.00
72.00
72. 00
71. Sl
71.60
71.50
71.50
71.90
72.30
72. 40
72.20
72.00
72.00
71. 40
71.600
71. P30
71.00
71.00
71.40
72.00
72.oo
72.00
72.30
72.10
71.80
71.S0
71.10

Mar.!
1-I84.50

84.10
84. so
8.00
$5. 20
85.60
S(. 00
86.00
84.90
88.50
88. 50
88.60
SS.50
88.30
88. 20
87.50
87.00
86.60
86.20
85.80
85.50
85.20
84.90
84. 40
83.90
83.70
83.10
83.10
83.00
83.20
82.90

b
6
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

:

I!



158 WATERWAY, ST. LOUIS TO TlHE GULF AND CHICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
WVATERS POINT, MO.

1891.

(Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at 8 a. m.]

Day.

1
2
3
4
5
6
7
8
9

10
11
12
1314

1516
17
18
19
20
21
2223
24
25
26
27
28
29
30
31

Jan. Feb. Mar.

.1

Apr. M~ay.

........ .. .......

........ ... .......

........ ... .......

........ . ........

........ ... .......

! ---.... ........

1........ ... .......

........ ... .......

........ . ........

........ .... ......

........ . ........

.... ... . ........

June. July. Aug. Sept.

... ......6.25
5.15
5.05
4.95
4.85
4.75
4.70
4.60

........

Oct.

4.50
4.35
4.25
4.15
4.10
4.05
4.05
4.00
4.00
3.90
4.30
4.60
4.95
6.40
5.80
6.05
6.15
6.15
6.10
0.00
5.80
5.60
6.50
6.45
5.30
6.25
5. 15
5. 00
4.90
4.80
4.70

Nov.

4.65
4.55
4.50
4.40
4.40
4.40
4.40
4.40
4.60
4.70
4.75
4.70
4.60
4.60
4.50
4.70
4.70
4.76
4.80
4.85
4.60
4.50
4.85
5.00
6.60
6.00
5.50
5.00
4.70
4.60

........

Dec.

3.95
3.40
3.00
2.95
3.05
3.20
3.45
3.70
3.80
3.60
3.20
3.20
3.30
3.60
3.70
3.90
4.10
4.30
4.50
4.70
4.80
4.85
4.95
5.20
5.35
6.50
.560

5.40
5.25
5. 10
5.10

1892.

[Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at 8 a. mn.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dee.

1 5.50 5.80 13.90 16.706 19.70 29.00 24.70 17.00 9.18 6.45 6.80 4.30
2 6.85 7.40 13.50 17. 10 19.00 29.30 24.90 16.60 9.10 6.45 5.70 4.10
3 7.05 7.30 13.20 17.30 1s. 40 29 .70 25.40 16.10 9.00 6.30 6.40 4.00
4 8.15 7.50 12.90 18.80 18.60 30.40 25.80, 16.70 8.80 6.10 5.30 3.80
6 7.45 8.20 13.20 21.60 18.60 31.10 26. 70 15.30 8.60 5.95 6.25 3.80
6 6.70 8.85 13.15 24.60 20.25 30.90 27.00 14.90 8.45 5.85 5.20 3.76
7 6.30 11. 60 13.20 26.60 22.70 30.70 27.00 '14.560 8.20 6.70 5.00 3.90
8 6.70 13.30 13.30 20.20 24.30 30.650 27.10 14.20 8.00 6.60 4.90 4.10
9 6.30 16.00 14.25 25.60 25.10 30.10 27.15 13.90 7.80 6.60 4.80 4.80
10 6.00 15.20 17.30 24.60 25.40 29.70 27.056 13.'50 7.80 6.30 4.80 5.60
11 3.90 15.00 17.80 23.30 26.000 29.30 26.90 13.30 7.80 5.20 4.80 5.70
12 2.25 14.55 17.50 21.80 27.10 28.60 26.70 13.25 7.90 6.10 4.75 6.60
13 1.90 14.00 16.80 19.60 28.10 28.20 26.30 13.20 8.60 5.00 4.75 S.60
14 2.40 13.00 16.00 19.80 29.50 27.80 26.35 13.35 8.60 4.90 4.70 5.35
15 2.20 12.30 16.20 20.00 31.30 27.30 26.30 12.856 8,30, 5.00 4.70 5.10
16 3.00 12.20 14.60 20.00 31.80 26.80 26.00 12.60 8.10 4.90 4:60 4.96
17 9. Fs 12.20 13.80 20.10 32.30 20.40 25.70 12.30 7.900 4.90 4.60 4.50
18 3.10 11.40 13.30 20.40 32.60 26.80 25.60 12. 00 7.80 4.90 4.70 4.20
19 4.20 11.00 13.10 20.90 32.80 26.20 25.20 11.90 7.60 4.80 5.05 3,76
20 4.35 12.70 12.65 22.70 32.60 24.70 24.70 11.60' 7.80 4.90 6. 10 3.35
21 4.70 17.20 12.25 23.80 32.30 24.30 24.00 1.125 7.60 4.94 6.06 2.70
22 4.90 17.50 11.70 24.80 31.80 23. f4 23.30 11.00 7.40 4.95 5.00 2.25
23 4.70 16.20 11.60 24.60 31.60 23..10 23.00 10.60 7.30 4.90 £4.90 1.80
24 4.90 14.70 12.60 24.10 31.30 22.95 22.50 10,30 7.20 4.80 4.85 1. 65
25 6. 15 13.40 13.10 23. 60, 31.20 23. 40 21.90 10.10 7.20 4.80 4.80 1.80
26 5.05 12.70 13.30 '23.00 30.85 23.80 21.50 9.80 6.95 4.90 4.70 1. 40
27 6.60 13.25 13.60 22.10 30.60 23.95 20.40 9.60 6.85 4.90 4.70 0. 80
28 6.76 13.70 13.40 21.30 29.90 24.20 19.40 9.30 6.70 4.95 4.70 1.80
29 6.00 13.90 13.20 20.70 29.30 24.50 18.60 9.20 6.60 5.26 4.80 2.50
30 6.90. .... 13.90 20.20 28.70 24.55 17.80 9. 15 6.50 5.70 4.50 3.20
31 6.05 .....16.10.. ..28.60...... ..17.30 9.10.....9. 6.80 . 4..10

a Changed luss than one-half foot.

........ i.:.: ....

..: ..... . . ....

.. ..... . . ....

.. .............

........ I........

........ ........

........ I........

.: ......I........

. ...... ........



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 159

Tabulated gauge readings at sebected statiLons between Chain of Rocks and Cairo-Cont'd.
WATERS POINT, MO.-Coutinued.

1893.

[Gauge, 22 40 miles. from Bads Bridge. Zero of gauge, 377.64 feet above Memphis datum plane. Gauge
read at 8 a. in.]

Day. Jan.

*1
2
3
4
6
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24

2;7
28
29
30
31

6.60
6.60
6.650
6.60
6.80
7.00
7.80
7.60
7.80
7.40
7.30
7.25
7.36
7.660
7.45
7.30
7.30
7.46
7.45
7.50
7.40
7.40
7.50
7.50
7.50
7.60
7. 40
7.30
7.20
7.10
7.00

Feb. Mar. Ar

6.80
6.50
6.20
6.00
5.70
5.80
6.00
6.00
6.10
6.45
6.50
6.50
6.45
6.90
6.70
6.05
9.30
9.10
8.80
8.90
8.90
8.80
8.45
8.50
8.50
9.00
9.80o
10.40

10.90
11.45
12.05
12. 20
11.70
11.60
11.50
11. 40
12. 10
14. 50
16.90
17. 70
17.80)
17.60
17.30
17.20
17.560
18.40
19.60
19.70
19.60
19. 20
19. 10
19.60
19. 00
18. 10
17. 40
16. 90
16. 60
16.20
16.00

15.80
15.60'
16.20~
16. 20;
16.00
if).0d
16.20,
16.506
16.20
16.60
17.80:
20. 70
21.80
22.00
21.80
21. 60
21.40
20.90
20. 10~
20.20
22.90O
23.90
23.80
23.20
23. 20
23.30
24.30i
24.90
26.5860
26.80

May. IJune.

27.60
28.50
29. 20
28.90
28. 10,
26.80~
256.80
24.90,
24. 10
23.50b
23.30~
23.30
23. 701
23.'6023.'3023. 10
22.80
22.560
22.20
21.80~
21.40
21.00
20.70
20.30
20.30o
20.30
22. 10
24. 10
25. 10
25.30
25.00

24.30
24. 10~
24. 70
26.00~24.80~
-24. 101
~23.20123. 10~
:23. 30'
23.10
22.40~
21.60
20.80
20.10

19.30
19.00
18.40
17.70
17.20
16.80
16.40
16.90
16.40
17.40
19.650
19. 10
18.60
18. 10

.....I

July. Aug.

17. 20 10.80
17.20 10.90
16.90 11.10
16.50o 10.85
16.20 10.20
16. 501 9.70
18.60 9.20
19.40 8.80
18. 70. 8.50
17. 90 8. 10'
717.40: 7.80
16.60 8.20
16.60~ 8. 10'
14.80 8.00
1420 7.60

'13.80 7.40~
13.650 7.30
14,.00 7.20
16.00 7.00
165.60 6.90
14.86 -7.20
14. 20 8.90
1.3.60 9.80
13. 20 9.70
12.60 8.90
12. 00 8.36
11.50 7.90
11.00 7.20
10. 70 6.90
10.40 6.60
10.80 6.40

Sept.

6.10
6.96
5.76
5.60
6.46
6.36
6.26
6.10
6.06
4.95
6.05
6. 00;
4.95
4.80
4.70
4.60
4.650
4.45
4.40
4.40
4.30
4.30
4.30
4.40
4.46
4.45
41.45
4.45
4. 50
4.650

Oct. INov.
4.25 4.0

4.26 4.00
4.25 4.00
4.30 4.00
4.36 4.15-
4.45. 4.10
4.86 4.10
4.80 4.00
4.76 4.00
4.86 4.00y
4.9-0 4.10o
4.90 1.10o
4.90 4.00
4.76 4.00
4.65 4.00
4.66 4.00
4.40 4.00
4.36 4.00
4.30 4.00
4.26 4.00
4.30 4. 00i
4.25 4.00
4.20 4.00
4.20 4.10
4.10 4.10
4.10 4.00
4.10 3.95
4.15 3.90
4.10 3.80
4.00 3.70
4.00.....

Dec.

3.40
3.20
2.60
2.30
1.90

1.46
1.35
1.35
1.55
1.65
1.70
1.80
1.50
1.50
1.80
2.20
2.60
2.650
2.30
2.25
2.70
2.80
3.00
3.30
3.40
3.40
3.40
.3.35
3.30
3.40

1894.

[Gauge, 32.40 uzilles from Eads Bridge. Zero of gauge, 377.5>4 feet abcy.e Memphis datum plane. Gauge
read at 8 a. in.]

May. June. July.

12.70

13. 40

14. 20

14.650
14. 20

15. 10
16. 50
17. 90

19.30

20.00,
20. 60

21.85

20. 50

19. 50

18. 00

18.45

17.95

17.40

16).55
16. 70

16. 10,

14. 60

14. 35
14. 20

14.00

13. 95

13. 75

13.70

13. 60

13. 90

16.30

17.25

17. 20

16. 9
16. 70

16. 55

16. 65

16. 70

17.00

17. 20

17. 00

16.90

16. 75

16.70

16. 80'
:16.80
16. 65

16. 60

16.560
16. 35

16.40

6. 40

16.60

16.655
16.70

16.70

16. 70

10.70

17.00O
17. 70
17. 30

16. 70

16.560
16. 20'
16. 60

15.40,
15.6GO
15.90

16.150
14. 70

1.I.00
13.60

13. 40

13. 05

12. 60

90

11.650
11. 10

10, P0
10. 75
10.05

10.65

10(.6 0
10. 50

1.0.35
10. 16

9. 86

9. 76
9.70

9.30o
9.90o
9. 56

Aug.

9.30
9.40
9.40
9. 16
0.00
13.76
8.40
8.10
7.80
7.60
7.40
7. 30
7.10
6. 90
6.75
6.560
60.30
0.20
6.10
6. 00
5.90
6.80
6.80
S. IXI
6. 60
6.40
6.36
5.30
6. 10
6. 10
6.05

Sept. I Oct. INov. IDee.
5. 00

4.90

4. 80

4.75

4. 95

5. 20

5. 30

40

5. 95

90

5.80

80

6.80

60

6. 70

5.86

6.40

7.10

7.15

6.80

6.650
6. 35

6.30

6.55

6. 50

6. 50

6.76
6.45

6.05

5.70

5.40
5. 10
4.80
4.60
4.650
4.46
4.30
4.30
4.20
4.16
4.20
4.30
4.30
4.30
4. 30
4.20
4.10
4.00
4.00
3,95
3.95
4.00
3.95
3.95
4.10
4.25
4. 15
4.00
4.00
3.95
3.95

3. 95

4. 00

4. 15

4.20

4.30

4. 40

4. 45

4.65
4. 75

4.85

4.80

4. 60

4.55

4.650
4, 40

4. 50

4.560
4. 50

4.650
4.60

4.60

4.60

4.560
4.665
4.560
4.45

4. 30

4.00o
4.00

4.00
4.30
4. 40
4. 70
6. 30
15.20
5.10o
6. 00
4.60
4.20
4.00
3.80
3.60
3.560
3.80
4.00
4.00
3.90
3.90
3.90
3.90
3. 90
4.00o
4.00
4.10
4.00
4.00
3. 75
3.00
S.00
B.00

0ay.

2

3

4

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

so
31I

Jan. Feb.

3.560 2.00

3.60o 2.00

3. 70 1..95

3.85 1.951
4.10 2. 50

4. 20 2. 60

4. 30 2.60

4.20 3.46

4.00 6. 20

3. 70 6. 20

3.60 7.70

3.40 7.30

3.20 6.30

3. 00 5.60

2.70 4. 95

2. 90 4.50

3.00 4. 60

3. 20 5. 00w

3.20 5. 35

3.50 6.10

3. 90 6. 50

4. 90 70

6.650 5.30

80 S.70
5.40 5.65

3.60 5.70

2.60 5.80

2.50 5.85

2.50.....

2.30.....
2.00.....

IMar.I
95
90

6.90

6.40

6. 95

8. 70

12.90

16.4~0
18. 25

90

18. 60

17.80

16.80

16.560
14.45

13.80

13. 00'
12. 60

12. 00

60

11. 45

11. 55

11. 65

11.80:
11.~80
11. 75

40

12. 90

13. 00

12.30

Apr.

11.70
11.30
10.90
10. 66
10.45
10. 10
10.00
11. 10
11.40
11.60
12. 10
12.20
12.60
12. 60
12. 60
12.35
13,30
15.60

18.10
17.00
16. 90
14.80
14. 10
13.80
13. 60
13.20
13.00
12. 60
151. 40

E



I (() WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge readings at sclectd stations bettreen Chain of Rocks and Cairo-Cont'd.
WATE1RS POIN'r, MO.-Continued.

1895.

[Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.54-ject above Memphis datum plane. (auge
read at 8 a. In.)

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 2.20 0.80 6.30 8.D0 7.10 9.20 13.40 13.80 9.80 4.80 4.10 3.70
2 1. 30 0.90 7.90 9. 50 6.90 9.10 13. 70 14.10 10.00 4. 70 4.10 3.80
3 1.40 1.10 8.05 10.10 6.80 8.80 13.80 13. 50 10. 40 4.80 4.10 3. 40
4 1.20 0.90 8.50 9.50) 6.90 8. 50 14. 10 13.10 11. 10 4.90 4.00 3. 30
6 1 10 0.90 8.30 S.70 7.30 8.30 14.20 12.30 11.20 5.00 4.00 3.20
. 0 90 0.75 8.10 8. 30 7. 50 8.50 13.10 11.30 11. tio 5. 10 4.00 2.80
7 1.10 0.70 8. (; 7.90 8.30 8.60 15. 30 11. IQ 11.90 5. 10 4.00 2.15
8 1.10 0.75 8.90 7. 70 8.50 8.50 17.5) 10.90 12.20 6.00 4. 20 1. 80
9 1.20 a 8.90 7.40 8.50 8.30 17.20 10.60 11.70 5.00 4.30 1.60

10 0.90 a 8.50 7.45 8.25 8.60 10.90 10.50 11.10 4.90 4.40 1. s
11 0.80 a 8.15 9. c0 7.70 9.60;( 16.10 11.50 10.70 4.80 4.50 1.80
12 0.90 a 8.00 10. 40 7. 40 10.10 15.00 10.10 10.10 5.00 4.40 1.90
13 -0.30 & 7. Wt .10.30 7.CO 10.95 13.30 9.80 0.70 6. 10 4.30 2.00
14 -0.50 a 7. 50 10. 20 7.90 12.160 12.50 9.10 9.00 6.30 4. 30 2.20

1i5 -0.20 £ 7.50 9.80 7.190 12.75 12.60 8. 10 8. 70 5.30 4. 30 2.30
16 0.20 (a 7.50 9.30 7.95 12.90 12.80 7.90 8.20 6.30 4.30 2.40
17 0.90 a 7.30 8.90 8.20 13.00 12.60 7.50 7.70 5.20 4. 0' 2.40
18 1. 55 a 7. 30 8.50 8.40 13.10 12. 40 7.30 7. 40) 5. 20 4.20 2. 70
19 2.70 a 7.25 8. 40 9 0o 13.34) 12.30 7.20 7.20) 5.10 -.20 3.60
20 2.30 a 7.10 8.20 10.101 13.30 12.80 7.301 7.10 5. 00 4.00 11.70
21 2. 35 a 6.80 8.10 10.40 12.95 13.30 7.80 6.90 4.90 4.00 22.60
22 2.50 6.60 8. 10 10.701 13.10 13. 30 8.10 6.50 4.80 4.00 23. 80
23 2.20 a 6. 40 8.20 10.1;0) 13. 40 13. 70 8.30 6.10 4. 70 4.00 23. 70
24 2.20 a 6.70 8.10 9.90 13.60 14.00 8.55 (b) 4.t60 4.10 24.00
25 1.90 a 6. 70 7.90 9.40 13.5)O 14.Go 8. 10 (b) 4.50 4.10 23.20
26i 1.290 .5.6f5 7, °° 7, .$0 9. 10 -13s. 20 14.2'0 S. 70 (b) 4 45t 4.3 221. 6s0
27 0. 40 5.55 7.85 7. 30 8.90 12. 90 13. 8) 9.20 (b) 4. 40 4. 40 20.00
28 0.55 5.40 7. 70 7. 30 8.80 12.95 13.30 9.40 5.00 4.40 4.30 19.00
29 -0. 40 .. 8.20 7.30 8.90 13.20 12. iO 9.70 4.90 4. 30 4.10 18.70
30 0.50 ....... 9.15 7. 30 8.90 13.40 13. 40 10.00 4.80 4. 20 3.95 18.10
31 0.CO........ 9.00 ... 9.00.. 13.00 9.90 ....4.10 .. 17.20

* Doubtfid and not recorded. b Mud on gauge.

1896.

[Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.64 feet above Memphis datum plane. Gauge
read at8a.m.)

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Novi Dec-

1 16.20 5765 9.40 9.20 14.30 24.80 17.00 14.20 9.30 8.35 5.40 6.80
2 15.20 6.10 10.00 8.70 14.70 24.30 17.30 14. 40 9.00 8. 00 5. 50 6. 70
3 14.20 7.10 10.20 8.30 14.75 24.60 | 17.50 14.60 8.G0 7.70 5.90 6.75
4 13.10 7.80 9. 90 8.00 14.75 24.90 17.50 14.90 8.20 7.40 6.80 7.00
5 11.50 8.20 19.50 7.70 14.80 24.80 18.10 15.10 7.95 7.30 7.70 7.00
6 10.50 8.30 9.30 7.50 14.75 24.90 18.10 15.20 7.70 7.30 8.100 6.60
7 9.90 8.50 9.00 7.30 14.75 24.05 17.60;1 15.20 7.40 7.10 9.90 6.10
8 9.00 8.70 8.70 7.00 14.75 24.10- 17.'20 15.10 7.10 7.00 10.00 5.80
9 8.40 8.50 8.40 7.00 14.90 23.9M) 17.50 14.80 6.95 6.90 9.40 6.50
10 7.70 8.30 & 20 7.30 15.20 23.901 17.50 14.20 6.70 6.80 8.S0 5.30
11 7.20 8.00 8.00 10.10 15.40 23.40 1 6.90 13.60 6.60 6.70 &60 6.10
12 6.80 7.70 7.85 13.30 15.60 22.90 15. 90 13.10 6.40 6.80 8.30 4.90
13 6.60 8.30 7.55 14.20 15.40 22. 00 15.20 12.80 6.30 6.90 8.10 5.10
14 6.40 10.30 7.35 14.00 16.00 |20. 70 14.80 12. .50 6.30 6.90 7.80 5.40
15 6.30 12.10 7.26 13.50 14.76 19.00 14.20 11.90 6.50 7.00 7.60 a5.90
16 6.30 11.50 7.00 13.20 14.40 17.75 13.60 11.60 O6.80 7.30 7.50 6.30
17 6.20 11.00 6.80 13.00 14.560 17.20 13.30 11.10 6.&80 7.30 7.60 6.80
18 t 10 10.60 6.50 12.60 14.40 18.20 13.30 10.70 6.90 7.10 7.6 7.40
19 6.10 10.10 6.20 12.10 16.30 18.60 13.40 1 0.60 7. 30 '6. 80 7.70 8.10
20 6.10 9.40 6.20 11.40 20.80 1I8.80 13.80 10. 70 7.90 6.70 7.80 8.50
21 6.00 8.30 6.00 11.920 23.80 18.60 a415.40 11.60 8.90 6.50 7.70 8.70
22 65.8 7.50 6.20 10.90 25.20 18.35 19.90 12.201 9.90 6.40 7.60 8.60
23 5.80 7.00 6.40 10.0 25,80 17.90 21.50 12.90 10.70 6.20 7.40 8.50
24 6.10 6.60 7.00 10.40 26.80 17.10 21.10 13.00 10.81) 6.10 7.30 8.30
25 6.50 6.40 7.90 10.36-5 27.20 17.00 a 20. 10 12.40 10.30 6.00 7.20 8..20
26 6.0 6.80 8.90 110.45 27.770 16.70 .18.80 12.10 10.00 5,90 b7. 15 1 b8. IL
27 1610 7.21) 9.50 10.l, 27.30 16.70 17.70 1 1.0SO 9.75 5.70 7.10 7.90
28 &80 8.30 8.80 1.60 27.60 17.00 IC)'.80 11.30( 9.40 5.0 7.10 7. 0
29 5.70 9.00 8.90 12.10 27. 40 17.610 16.0 10.0t 9.10 6,51) 7.10 7. 0
30 & 60 ....... 9.-2)0 13.20 20.70 17.20 15.;30 10.'20 8.80 5.41) 6.90 17.410
3174j .0... 9.00. . 25.50 ......14.60 9.80.. 55.40 .... 7.30

aednhne n-atfo
Chnelsshnoeha!fo.

is Readln& chan&W ane-hoU foot or mom 6 Chwted less than one-h&ll foot



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. I (1

Tabulated gauge reading* at selected stations between Chain of Rocks and Cairo-Cont'd.
WATERS POINT, MO.-Contlinued.

1897.

[0(nug, 22.40 mllee from Fad( Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at 8 a. in.]

7.30
7.30
7.60

15. 30
23. 60
24. '20
24.50
23. 90
21.00
18.40
16. 90
'3.90
12.60
11.40
10.90
10. 60
10.40
10.40
11.90
13. 50
14.20
14.30
14.40
14.20
13.80
12.40
11.40
10.10
8.70
Iee.
Ice.

Feb.

.ce
Ice.lee.
Ime.
Ice.
Ice.
7.90
8.20
8.60
9.10
10.20
11.10
11.60
11.40
12.O0
12.00
13.20
1350
13.20
12.80
12. 60
12. 0
13.60
14.90
15. 60

b 15. 60
15.20
14.50
13.90

........

........

........I

Ifar.

13.00
12. CA)
12. 1)
13.30
16.00
20.80
22. 0
22.80
22. 10

a 21. (;O
19. 80
19. 30
18.90
18.30
17. 70
17.00
16.70
16.90
17.20
17. 60
18.40
18.90
19. 10
19..0
19. 70
20.30
21. 70
22.20
22. 40

b22.00
21.80

a Reading changed

Apr.

23.30
a 25. 10
26. W0
26. 80
26. 70
26. 20
20.20
26. 10
26. 60
27.10
27. 60
27. 40
26. 90
26. 20
25.40
24. 80
24. 50
24. 60
24. 40
24. 40
2-1. CA)
24. 70
24.90
25.10
24. 90
24.60
24.30
24.90
25. 60
26. (30

May.

27.30
27.70
27. (0
27.40
26.80
26. 10
2.5. 20
24..20
23.20
22.40
21. 60
20.80
20. CO
19. 30
18.60
18. 20
17.60
16.90
6.60
16.00
15. 60
15.00
14. 60
14. 341
14. 20
14.40
14.80
14.80
14. 70
15.00
14.90

June.

14.10
13. 60
13.80
14.00
14.80
15.20
15.60
15. 70
15. 70
15. 40
15.20
14.90
14.650
14.30
13. 90

...13.80
13. 80
14. 00
14. 10
13.90
13.80
1.3.90
14. 70
15.40
15.50
16. 30
17. 10

a 17. 10
18.20
19.90

one-half foot or more.

July.

20.00
19. 40
19. 70
20.20
20.20
19.30
19.00
18. 60
18.80
18.60
17.60
16. 80
16. 30
15.30
14. 60
14. 10
13. 70

a 13. 70
13. 90
13.80
13. 50
13.10
12.80
12.50
13.00
14. 30
16.30
I6. 70
15. 80
14. 50
13.60

Aug.

13.30
13.00
12.80
12.40
12.10
12. 00
11.80
11. 70
11.60
12.00
11. );0
11. 30
11. 10
10.90
10.90
10.80
10. 70
10.60
10.40
10.30
10.10
10.00
9.90
9.70
9.60
9.30
S.90
8.60
8.40
F.20
8.00

Sept.

7. 70
7.40
7. 30)
7.00
6.80

' 6. 70
6.70
6.40
6.fU1
6. ,,
6.60
6.30
6.10
6. 00

6. 50
5.40
6.30
5.20
6.10
5. 10
5. 10
5.20
5.30
5.40
5.40
5. :3(
5. 20
5.10

. .......

Oct.

5.10
.).0
5.00
.1.90
4.90
4.90
4.80
4. 70
4. 70
4. 60
4.60
4.50
4. .50
4. 40
4. 40
4. 30
4. 20
4. 20
4. 20
4. 10
4. 10
4.00
4.00
4.00
4. 00
4.00
4. 10
4. 10
4.20
4.20
4.20

Nov.

4.30
4. 30
4.40
4. 30
4. 30
4.40
4 ,,
4.60O
4.90
5. 10
6. 20
5.20
6.20
5. 10
6.10
5. 30
5.20
5.00
4.80
4.70
4.G0
4.60
4.50
4.30
1. 20
4. 40)
4. 60
4. 60
4. '0
4. 50

b Changed less than one-half foot.

1898.
[Gaung, 22.J0 mlloes from Eads Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge

rea(d at 8 a. m.)

May.

14. 40
14. 30
15. 50
17.50

a 19.30
1-19. g
20.00
19.80
19..30
18.60
18.00
17.30
16.30
16. 10
15.QO
15.60
18.10
20.80
21.50
21.30
21. 40
24. 10
25.30
25. 30
24.30
23. 40
22.50
21.30
20.80
20. :3)
19.50

June. July. Aug. Sept. Oct.

15.40: 21.50 11.80' 7.00 6.90
18.10, 21.50 11.30 6.60 6.70
18. 40 21.00 12.00 6.30 6.20
19.00 20.00 12. 90 6.00 6.-')
19.54 19.20' 12.50 6.90 5.80
19.80 18.80 11.70 '5.70 5.40
19.,}0 18.80 10.80 5.60 6. lo
18.80 20.50 10.30' .5.80 4.90
18.20 '20.90 10.30 6. 50, 4.70
18. 10 21.00 10. 60 7.30 4.6CA)
18.70 20.60 10.30 850 4. 6)
19.70 19.900 9.60 9.0')W 4.60
20.70 18.50 9.3)0 9.oo .5. 0
21.30 17.64) 9.701 8. 0C 5.40
21. ;0 16.70 9.60 8.10 4.90
21.80 15.70 9.80! 7.70; 4.60
23.31) 14. 70 9.60 8.80 4.30
23. 70 14.00 9.50 10.20 4.3.)
23. 30 13.0 1 9.3)) 11.00 4.40
22.60 13.0 1 9.60 10.60 5.40
21. .50 12. 70 10.10 9.90 7. 10
20.30 12.O | 11.10 9.00f 9.00
19.50 12.10 10.40 8.50 10.20
18.90 11.70 9.60I 8.50j 10.30
18.20 11.40 19. 9.20 9.80
17.90 11.401 8.610 9s.10 9.30a 18.50 t11.70 8.30 8.90, 8.50
20).60 11.60 7.90 8.70 8.330
21.30 11.00 *7.70 8.00 9.02)
21 .60 11. 30 7.60 7.40 10.10

........ 12.10 7.40!... ,10.30

i0 Nov. L;Dee.

9.60
8.80
8.00
7. 5;0)
7.21)
7.00
6.80
7. 2)
7. 40
7. 50
7.80
8.10
7.90
7.60
7. 20)
6.90
6.60
6.50
64. 4
6. 31)
f. :11)
6.30
6.3)
6.80
7.70
8.80
9.40
8. 0
7. #1)i
7....

6-.2)
5.70

45. 30
a5.00
a4. 70

4. 10
3. 90
3.70
3.20
2.50
2.00
1.80
1.94)
2. 10
2. 00
2.40
2.50
2.60
2. 90)
3.20
3.50
4.20
6.20
8.20
9.30
10.00
10.10
9.80
9. 40
'). 10
8.80

Day.

10

2
3
4
6
6
7
8
9

10
11
12
13
14
15
16
17
18

i9

20
21
22
23
24
25
26
27
28
29
s0
31

Dec.

4.5
4. 30
4. 0
3.80
3. 70
2.80

2.3
2.650
2. 84
3. 00
2.80
2. 20
1. 30
1.30
0.90
0.90
0. 70
0.80
0. 90
1. 30
1. 90
2. 40
2. 70
3. 10

Feb.

6.60
5.90

1 10

b)
4.90
5. 0
5.90

6.20
7.50
9.00
9.40
9.60

9.70
10.10
10.70
11.90
12.50
11.70
10.80
10.10
9.70
9.20
9. 00

1--------
1--I....1-- ----

Day.1 Ian.

I 3.20
2 3.20
3 2.60
4 2.80
5 3.10
6 3.30
7 3.70
8 4.0
9 4.20
10 4.30
11 6.6
12 6.70
13 7.30
14 7.90
15 c7 6
16' 7?
17 7.10
18 6.80
19 6. 60
0 6.40

21 7.29
22 & 00
23 8.40
24 & 30
25 8.20
'M 8.20
27 & 30
2$ 1'.50
2I 8.30
30 7.70
31 7.'2.0

Mar.

8.80
S.70
I .60
8.40
8.20
8.10
8.)0
7.90
7.90
7.8,
7.80
8.10
9 s.8
14. 40
16.70
16.90
17.00
16.90
16.7(0
16.50
17.50
18.60
22.80
23.90
23.60
23.00
22. 10
21.90
21. 50
21.90
22.10

Apr.

21.80
20.60
19.40
18& 10
17.60
17.50
17.90
17.80
17. 40
17.50
17.30
16.70
16.30
16.20
16.20
16.60
16.20
15.50
16.00
14.50
14.00
13.30
13.30
13.30
13.30
13.40
16.20
113.70
16.00
5.20

*Rbeding changed one-half foot or more. b ReadlWg doubtfuL *Changed less than one-half foot
H. Doe. 50, 61-1 11*



1.62 WATFRWVAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Conlt'd.
WATERS POINT, MO.-Continued.

1899.

(Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at8 a. mi.

Day.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

7.50
6.60
5.70
5.40
5.40
4.90
5.00
o.60
5.30
4.90
5.00
5.00
5.20
5. 90
5.4T0
5.70
5.90
5.90
6.80
5.50
6.60
5.50
5.40
6.40
5.40
5.40
6.40
5.30
4.80
4.00
2.70 I

Feb.

1.70
1.90
2.60
2.90
3.80
6.60
8.40
8.10
7.50
7.50
7.40
7.10
7.30
7.50
7.60
7.70
7.80
7.70
7.40
7.60
7.50
5.70
5.20
4.50
4.80
7.00
10.10

14.00
........
... .....
1..-...-

Mar.

15.00
14.30
13.30
12.90
12. 20
12.10
12.20
11.80
11.10
11.10
11.20
11.50
11.50
12.00
12.60
14.70.
15. 70
16.30
16.70
17.90
18. 70
18.80
18.40
17.80
17.10
16.20
15.20
14.40
13.60
13.00
12.60

Apr.

12.90
12.80
12.20
12.00
12.10,
13. 00
13.50013.40
13.30
13.60
13.70
14.40
16.00
16. 10
15.30
165.00
14.70
14.70
14.80
15.20
16.30
16.90
19.40
22.30
23.50
24.30
24. 40
23.90
23.50
23.60

May.

23.70
23.70
23.60
22.40
;20.8019. 70
19.20
18.70
18.60
18.60
19.30
19.90
20.40
20.60
20.40
19.90
19.20
18.70
17.90
17.5018. 10,
18.80
20.60
22.00
22.80
23.40
23.30
22. 90
22.20
21.70
21.60

June.

21.50
21. 60
22.60
22.60
22 70
22.70
22.60
21.80
21140
21.40
21.40
21.60
22.600
23.20
22.90:21.80'
21.10
21.10
21. 10
21.00
20, 80
20.60
'19.90
19.30
18.80
18.60
18.60
18.90
19.20
19.60

July.

19.60
19.60
19.70
20.40
21.00
21.20
21. 60
21.70
21.60
21.50
21.90
22. 10
21. 80
21.20
20.:60'
20. 00
19.50
19.30
19. 10
19.00
18.60
18.00
17.40
16.70
16.30
15.80
15.20
14.70
14.30
13.90
13.60

Aug.

13.40
13.60
13.60
13.30
12.90
13.00
12.80o:12.30
12.20
13. 70'>15.20
15.40
14.80
14.00

a 14. 30
13.70
12.80
12.20:
11.80
11.30
11.00
10.60
10.10
9.00
9.2:08.90
8.60
8.50
8.30
8.10
8.00

Sept,

8.00
8.10
7.90
7.70
7.50
7.40
7.20
7.10
7.00
7.00
7.20

a 7.30
7.30
7.20

a 7. 10
7.,00
6.90
7.00
7.10
7.20
7.10
6.80
6.70
6.50
6.40
6.30
6.20
6.10
6.00
5.90

Oct.

5.805. 0005.60
5.50
5.40
5.30

a5.20
5.10
5.00
4.90
4.70
4.70
4.70
4.60
4.60
4.60
4.40
4.60
4.60
4.50
4.60
4.40
4.30
4.20
4.2
4.10
4.10
4.10
4.40
4.70
5.20
5.10

Nov.

4.90
4.80
5.00
5.30
5.40

a 6. (;0
5.80
6.00
6.20
6.40
6.60
6.80
6.80
6.90
7.00
7.00
8. 90
6.90
6 90
6.90
6.80
6.70
7.00
7.20
7.20
7.00
6.60
6.40
6.20
6.10

........

Dee.

6.00
5.80
5.70
5.70
5 60
5.60
5. 60
5.40
5.40
5.40
5.30
5.30
6.30
5.30
5.50
5.40
4.90
4.70
4.70
5.60
5.60
5.10
4.70
4.20
4.00
3.60
3.10
2.50
2.10
1.30
0.90

* Changed loss than one-half foot.

1900.

(Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.64 feet above Memphis datum plane. Gang
read at 8 a. m.]

Day. Jan. Feb. MAar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 -0.10 3.60 7.30 12. 00 15.20 12.80 11.30 11.30 9.85 10. 15 12.60 0. 16
2 -0.10 3.30 7.30 13. 20 14.85 12.60 11.35 10.70 9.95 1.65 12.00 9. 60
3 1. 50 2.70 7.00 13.40 15.00 12.65 11.25 10 35 10.00 I1. 65 11.50 9.00
4 2. 30 2.20 6. 6f0 a13.40 15.10 12.35 11.20 10.00 10.00 12.65 11. 60 & 60
6 3.70 2.00 6.90 a13.65 14.95 11.95 11.30 9.60 10.00 13.00 11.70 8.30
6 4.00 2. 50 9.40 14.00 15.10 11. 65 11.20 9.05 10.10 12.65 12.00 & 00
7 3.60 2. G0 15.30 a 14.60 15. 30 11.35 10.95 8.60 9.90 12.25 a12.80 7. 70
8 3.30 3. 00 17.80 a l.540 16.60 11.10 10.80 8 10 9.25 12.30 13. 30 7. 50
9 3. 30 6.10 18.00 15.0 15.80 11.05 10. 45 7. 70 8. 70 12. 65 13.30 7. 30
10 3.70 8.00 18.40 i.30 1. 60 10.86 10.60 7.35 8. 30 12.80 12.90 7.20
11 4.00 8.20 19. 60 15.00 15.30 10.60 10.30 7.00 7.80 12.10 12.55 7.00
12 4.00 7. 60 20.00 1. 10 15.00 10.30 10.30 6.65 7.60 11.30 12.30 6 90
13 3.70 7.30 21.00 15.80 15.60 10.60 10.46 6.30 7.20 10. 5 12.30 6.70
14 3.70 7.00 21.70 17.00 15.95 11.30 10.20 6.00 0.95 10.30 12.05 8.40
16 3. 70 6. f0 21. 90 17.60 15.25 13.86 9.80 .80 6.80 10.00 11. 70 6. 20
16 3.60 6.60 22.00 17.00 14.30 13.40 9.00 5. 5 6.70 9.95 11. 50 & 00
17 3.60 6.80 21.00 16.20 13. 75 12.20 10.00 5. 60 6.60 9.80 11.46 675
18 3.80 6.80 21.20 16.30 13.45 11. 60 9.90 6. 65 6.30 9.80 11. 40 .60
19 4. 0 6.00 20:30 14.70 13.70 11.10 9.00 6.20 0.20 9.80 11.80 .20
20 6.80 6.00 19.20 14.70 13.70 11.00 9.40 7.70 . 356 10.05 11. 70 5. 00
21 8.00 & 40 18.10 16 00 13.65 11.10 9.30 8 70 & 60 1.20 11. 76 4.70
22 7.50 & 10 17. 30 1& 40 13.05 12.35 9.90 9.15 & 90 10. 60 11.90 4.60
23 6.80 a 8. 90 16.90 15.60 13.65 13. 75 11.16 9.25 7.35 11.15 11.85 4.35
24 6.30 9.90 16.40 16.00 13.70 14. 30 12.20 9.20 7.60 11 60 11.90 4.35
25 & 20 9.50 15.70 16. 30 13.45 14.30 12.80 9.10 7.70 11t5 12.00 4.25
26 6.20 8.70 16.30 16.80 12.95 14.30 13.30 9.05 7.75 12.10 12.10 4.20
27 6.00 8. 10 15.00 16. 90 12.65 14.00 13.10 9.00 7.85 12.10 11.90 4.25
28 f. 00 7.G0 14.50 I 160 12.25 13. 35 12.60 9.00 8 20 12.10 11.60 4.20
29 5.30 ........ 14.00 16 10 12.20 12.35 12.20 8 90 9.00 12.10 11.30 4.10
30 4.50 ........ 13. 40 1.70 12.85 11. 70 11.80 8.80 9.0 12. 25 10.86 8s0
31 3.80 ........ 13. 00 ... 13.00 ........ 11.66 9. 40.. 12.40.. . &60

*Changed less than one-half foot.



WATERWAY, ST. LOUIS TO THB GULF AND CHICAGO. 163

Tabulated gauge readings at selected station between Chain of Rocks and Cairo- Contrd.
WATERS POINT, MO.-Continued.

1901.

[Gauge, 22.40 miles from Eads Bridge. Zero of gauge, 377.64 feet above Memphis datum plane. Gaulge
read at 8 a. m.]

Day.

1
2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

3.60
3.6GO
3.30
3.00
2.70
2.30
2.15
2.10
2.30
2.90
3.35
4.60
& 40
6.50
6.95
5.85
5.70
5. 85
5.90
5.60
5.40
5.30
5.45
6.50
5.60
5.25
5.20
5.20
5.10
5.10
5.10

Feb.

4.85
4.60
4. 40
4.06
4.60
4.50
4.45
3.90
3.25
2.70
2.70
3.30
3.30
3.35
3.30
3.40
3.60
3.(65
3.90
4.20
4.00
3.76
3.75
3.80
4.10
4.70
5.20
6.25

........

........

........

Mar.

4.95
4.70
4.30
4.40
4.75
5.30
5. 55
6.10
6).9go
8.50

12. 10
15.95
16.90
17.00
16.60
16.20
16.00
15.90
15.70
16.656
16.50
16.10
17.00
17.60
17.95
18.20
18. 10
17.70
17.50
17.30
17.35

Apr. May.

17. 60 14.90
17.80 14. 60
17.85 14.20
18.00 13. 90
18.20 13.60o
18. 0 13. 40
18.80 13.05
19.00 12.70
19.45 12.560
20. 50 12.30
21.00 a12.00
21.10 11.75
21.300 11.60
21. 40 11. 40
21.50 11.20
21. 10 10.90
21.30 10.70
22.00 10.60
22.20 10.30
21.60 10.10
20.30 9.80
19.40 9.50
18.80 9.30
18. 20 9.30
17. 50 9.00
17.00 9.30
1fi. 50 10.05
16.05 10.00
15. 0 9.70
15.25 a9. 50

........ 9.30

June.

9.10

9.6059. ('1;
11.2(0
11.20
11.9')
12. 10
12.40
12.70
12. 45
12. 25
12.10
12.05
12.20
12.90
13. 50
13.30
12.90
12. 40
12.15
12. 10
12.10
12. 15
13. 20
13. S0
14.00
14. 20

14.50
14.10

July.

13. 50
13.00
12.39)
11. 70
11. 20
10.80
10.50
10. '20
10.30
11.10
11. 50
I1. 10
10.50
10. 0
10.00
10.00
10.00
9.95',
9.95
10.00
10. 10
10. 65
10.20
9.70
9. 40
9.00
8. 80
8. CA)
S. 4.1
S. '2)
8. 20

Aug.

8.25
8.40
8.45
8.35
8.25
8.05
7. 60
7.30
7.05
6.90
6.70
6.60
6. 60
6. 40
6.30
6.20
0.05
5.95
5.90
5.75
5. (;0
5.60
5. 50
5. 40
5.30
5.20
5.05
4.95
4. 80
4.70
4.55

Sept.

4.45
4.35
4. 20
4. 10
4.00
3.90
3.80
3.75
3.65
3.70
3.55
3. 0
3. 55
3.50
3.45
3.40
3.30
3.35
3.50
3. 80
4.60
5f.50
5. 5
5.20
4.90
4.65
4.45
4.30

l4.201
l4. 10

Oct.

4.00
3.90
3.75
3.60
3.;65
3.70
3.75
3.80
3.95
4.00
3.95
4.00
4. 10
4.10
3.90
3.95
4.0.5
4.20
4. *i5
4. 60)
4.80
4.80
4.75
4.70
4. (;0
4.0)
4.50
4. 50
4. 55
4.60
4.60

Nov.

4.60
4.50
4.40,
4.30
4. 20
4.00:
4.00
3.95
3.90
3.90
3.90
4.10
4.10
4.05
4.00
4.00
4.00
3.95
3.90
3.90
3.90
3.90
3.90
3.90
3.85
3.85
3.75
3.70
3.70
3.60

,........

Dec.

3.60
3.55
3.45
3.40
3.30
3.20
3.120
3. 20
3.35
3.3()
3. 1;5
3.05
3.2O
3.60
3. ia
3.00
2.25
1.35
1.45

b 1.55
b 2.60
b2.70

b3,50
b4,10

b 4. 40
b 5. (0
b6S.30
b.1fli;5
b4. 45
b3. 70

b3.40

a Interpolated-no reading. b Doubtful on account of Ice.

1902.

[(Gauge, 22.40 miles from Hads Brldge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at 8 a. m.1

Day. Jan. Feb. Mar. Apr. May. Juno. July. Aug. Sept. Oct. Nov. Dec.

I a3.50 a2.26 4.20 10.10 8.25 16.90 21.50 2090 18.70 15.10 10.35 13.60
2 a3.40 a3.75 5,30 10.70 8.00 1Ili.60 22.40 20.10 18.00 14.90 9.90 13.20
3 a3.40 a4.50 4.90 10.80 9.70 17.770 22.90 19.30 17.60 14.90 9.55 12.85
4 a2.70 a4.05 6.30 10.80 10.90 18.;.55 22.80 18.'0 17.80 15.70 9.15 12.40
5 a 2.20 a 4. 40 6.50 10. 60 10.45 18. 10 22. 40 18.10 18.30 16.40 9.05 12.6
6 a2.25 a4.10 6.00 10.70 9.80 18.15 21.60 17.75 18.00 16.80 9.15 12.70
7 a2.85 a4.55 5.90 11.840 8.90 17.80 20.80 17.50 17.30 17.50 9.80 12.7:5
8 a3.40 °4.70 6.55 12.00 8.10 17.15 20.330 17. 1; 16.30 18.4.5 10.00 13./059 a 3.55 a 4. 60 7.70 11.30 7. 70 16.70 20. 30 17.10 16. 30 19.10 10.35 12. 90J
10 a3.50 a 4.30 8.60 10.60 7.90 17.00 2o.20 16.70 14.50 19.10 10.95 12.25
11 3.35 a 4.40 8.70 10.15 9.25 17.60 1. 70 16. 20 13.95 18. 30 11-40 11.45
12 2.60 a 4. 40 8. 0O 9.'90 10.16 18.45 19.00 15.70 13.50 17.50 11.20 10.50
13 2.40 a 4.50 9.10 9.40 10.70 18.45 20.40 15.40 12.95 16.70 10.70 10.6. )
14 2.05 a4.45 10.55 9.10 11.30 18.70 21.60 15.3.5 12.25 15.85 10.10 11.15
15 1.70 a4.35 11.30 8.85 11.30 19.60 22.60 14.)5' 11.65 15.10 9.85 11.20
16 1.90 a4,40 12.30 8.60 11.10 19.65 23.10 14.,5 11.05 14.40 9.55 10.60
17 2.10 a 4. 55 13.00 & 35 11.00 19. 30 23. 50 13.80 10. 50 14. 10 9.50 9.60
18 2. 30 n 4, &0 12. 65 8.20 11.00 19.00 23. 80 13.75 ;n 1i) 14. 10 9.70 9.45
19 2.30 a4.50 12.10 8.25 11.10 18.70 24.20 11.05 0 '1Sf 14.20 10.50 9.45
20 2.30 a 4.30 11.40 8.20 11.70 18.50 24.2.5 11.35 9.,' 14.50 11.70 9.9(0
21 2.30 ( 4,25 10.35 7. 70 11. 60 18.10 24. 10 15.55 S.S(0 14. 65 12.45 10.40
22 2. 35 a 4. 35 9. 50) 7.20 11.20 17. 60 23.85 16.35 S. 35 15.20 12.75 11. 30
23 2.35 a4.25 9.00 7.50 11.00 17.40 24.2;5 16.70 8.05 15.60 1?. 60 11.90
24 2. 30 a 4. 10 8. 60 & (0 11. 30 17.50 24. 60 16.80 7.85 15. 60 12.35 12. 55
25 2.30 a3.80 8.20 8.65 12.30 17.20 21.80 16.80 7.95 15.40 12.15 13.50
26 2.15 4.00 7.90 8.20 12. t5 17.20 21. SO 16.85 IO.4I0 15.15 12.15 13.SS
27 1.75 4.40 7.90 7.50 13.70 17.50 24. 05 17.10 11. 90 14.40 12.35 13.50
28 1.95 3.80 8.30 7.10 15.40 18.00 241.00 17. 95 12. 70 13.20 12.70 13.10
29 1.30 ........ 8.70 7.55 17.40 19}.8', 23.30 18.70 13.(0 12.10 12.90 12.35
30 . 90 I.9.0 8.10 17.50 20.30 2.210 1920 14. 60 I1.I0 13. 50 11.20
31 1.60 :::::::I 9.0.17.20 .21.50 19.00 10.80 ' 9. 8)

a Doubtful on account ofIce.



1 (4 WATERWVAY, ST. LOUIS TO THE GULF AND CHICAflO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo--Cont'd.
WATERS POINT, MO.-(>ntlnued.

1903.
[Gauge, 22.40 miles (rem Eads lrIdge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge

read at 8 a. m.]

Jan.

8.60
8. 15
A8. 11)
8.30
8.60
8. 95
9. 00
9.05
8.80
8. 65

b 8. 0(
b 7. 70
6.10
5,95
5.80
5.70
6i.00
(;. 50
7.30
7.90
8.00
7.75
7.70
7.65
7.50
7. 10
6. 85
8. 10
10.30
10.35
10.10

Feb.

10.10
9.65
9.45

10. o
14.30
15.45
14. (610
13.70
12.80
11.90
11.00
10. 8o
11.20
11. 50
11.35
11.30
10.(60
9.70

I . 20
8. 95
8. 45
8. 50

8.5068.65."
8. 80
8. 90
9.40

12. 50

Mar.

15.00
16. 20
1 5.30
15. !X)
ll. 95
17.20
17.80
I9. -0
22. 50
23 . N)
23. 80
23. 35
22. 75
22.35
22. 50
22. 30
21.50
21.70
21.f65
21.35
2'2. '20
22. 60
22. 30
2 1. 90
21. 70
21.30
20. 90
20.30
19. 85
19. 30
18. 95

Apr.

1S.66
18.40
18. 10
18.00-
18.65
19. (60
20.10
20. 30
'20.05
19. 50
19.40
20.36
21.50
21.90
22.10
22.00
21.80
22. 20
22.10
21.50
21. 10
21.30
20.95
20.30
19.20
19.20
18.165
18. 10
17.65
17.25

May.

16.90
16.50
16.30
16. 10
15.80
15.560
15.30
15.20
15.20
15.30
15.20
15.0(
14.80
14.55
14.35
14.30
15. 40
17.60
18.70
19, 20
19.00
18. (0
18.40
18.25
18.40
19. 60
21. 0O
22. 2'0
22. 10
22.30
23.0W

June.

24.80
26.76
28.00
29.00
30.00
30.90
32. 20
32.80
32.98
33.50
33.60
33. ,50
33.20
32,50
31.50
30.20
28.90
27. (i0
26.26
25.00
24. 30
23.75
23.00
22. 50
22. 15
21.85
21.25
20.25
19.30
18. 75

' Changed Itss than one-half foot.
b Reading changed ono-half foot or more.

1904..
[Gauge, 22.40 miles from Eads Bridge.

Jan.

15. 3(1fi. 25(
5. (X)

4.05
4.05
4. 10
1. 10
3.90
3.75
3.85
3.75
3.80
3.80
I. 30
4.30
4. 35
4. (')
4.00
4.90
5.50
8.70
12.10
14.50
14. 20
13.1;0
12. .
11. 70
10. 7)
9. 75
8.75

Feb.

7.80
6.80
6.40
6.30
6. 25
6.4.5
7.00
7. 30
7. 60

8.10

8.60
9.10
9.40

9.90
9.70
9.15
8.40
8.10
8.30
8.10
7.80
7.40
7. 40
7.60
7.75
8.05
8. 00
7. 70

.. . .

Mar.

7. 45
7.'20
7.10
7.40
7.40
8.20
8.80
8.95

l9.50
9.SO

10. 10

10.0
11.10
11.20
11.10
1.00

I1.10
11.66

12.00
12.20
12. 35
12. 45
13.95
15f.30
16.35
18.95
19.60
21.90
2:3. 30
23.50
2'2. 80

Apr.

22.80
22. 40
22. 20
21. 60
21.00
20.60
19.90
19.30
19.10
20. 10
20.80
21. 20
21. 40
21.26
21. 10
21. 10

20.90
21. 70
22. 20'
22.00
21.50
21.80
22. 05
22.60
26.35
28.20
29.60
30.20
30.60
30.40

July.

18."
18.70
18.10
17.40
16.80
16.25
16.80
15.60
16.00
15.66
16.65
16.60
16.00
14.60
14.65
16.45
16.30
17.36
17.00
17.70
17.10
17.00
17.05
17.20
17. 45
18.25
18. 56
17.90
17.30
13. 90
16.30

Aug.

15.60
15.05
14.60
14.85
14.CY)
13. f0
14.20
15.15
15.50
16.45
15.70
1 6. 60
16.50
16.70
16. 70'
16.30
15. 80
15.70
i6. 10
16. 15
16.30
16.30
15f.90
15.26
14.70
14.40
14.10
14.10
14.30
14.90
15.60

Sept

163.00
17.40
18. 10
18. 10
17.85
17.26
1(1. 60
1(1.00
16.30
16.70
15.60'
16 40
18. 10
18, 70
18. 60'
18.95
19.40
18.80
18.70
18.70
18.35
17.o5
16.80
16.20
15.6016. fiO
15i.25
15.20
15.30
15. 50
15>.50

Oat.

16.600
16.f00

',16.70
15.80
16.05'
16.30
16.60
16.95
18.10
19.05
19. g00
19. 70'
19 40
19.1lo
18.80
18.36
17,80
17.30
16.80
16. 40
16.00
156.f
15.26
15.05
15.00
14.80
14.f40
14.50
14.40
14.30
14.20

Nov.

14.10
13.)95
13.80
13.60
13. 40
13.35
13.60
14.00

a 14. 10
13.70
13.30
13. 10i
12. 70$
12.25
11.80
11.5 o
11. 25
10.00
10. 40
9.95
9.65
9.25
8.90
8.65
8.30
7.90
7.45
7.10
6.70
6.40

c DoubtIful on amcount of Ice.

Deo.

i. lo
5.95
b. tiO
s.30
5.00
4. IA)
4.80
4.15
4. 4)
4. 25
4.00
3.80
3.6(5
2.70

c 2.30
e2.,00
c 1. 40
Cl. 40
1.80
2.00
2.20
2.70
3.00
3.50
4.15
4.50
4.30
4.00
4.20
4.55
4.80

Zero of gauge, 377.U4 feet above Memphis datilm plane. Gauge
read at 8 a. m.]

May.

30.10
I2.70
29. 15
28. 50
27.40
26. 20
25. 10
24.05
23. 70
23. 70
23. 20
22. 70
22.00
21.20
20.60
19.90
19.50
19.50
19. 90
20.20
19. 70
19. 10
18.60
18.00
17.60
17.10

.90
17.20
17.20
17.50
19.00

June.

21.00
22. 00

o22. 10
21.60
22,00
24. 30
2h5.0
25. 70
25.10
24. 25
23. 50
22. 90
22.20
21. 85
21.830
22.35
22.60
22. 30
22.45
22. 30
22.55
22. 65

22. 600
21. 70
21.00
20.10
19.55
19.60
20.20
21.36

July.

21.80
21. 10

20. 50
20. (05
20.00
19. 60

19.00
18. 65
20.40
22. 80
24. 10
24. 80
26. 00
24. 40
23. 30
21. 70
20.05
19. 45
19,25
18.90
18.50
17.60

l10.6516.001416.00
lb1690
a 15. 90
16.55
14.70
14.00
13.40
12.90

Aug. Sept.

12.40
12.20
11. 70

1 11.40
11.40

11.20
10.765
10.265
9. 65
9.20
8.490
8. 5'0A1
8.25
8.16
8. 25
8.25
S. (i0
8.50
8. 50

9.60
10.90
11.10
11.16
11.80
11. 70
11.90
12.10
t11.30
10.30
9.30
8.60

S.10
7. 75
7. 45
7. 40
7.90
7.95
7.60
7.10
6. 95
7.00
7. 20
7.10
6. 90

6.80
6.70
6.70
6.80

1 8.00
9.60
10.90
11. 40
10.80

I 9.0o

10.00
10.80
11.00
10.76
11.10

1--- ----

Oct.

11.36
11.00
10.80
10.30
9.70
9. 00
&.0
8.80
&560
&820
8.10
7.95
7.70
7.45
7.20
7.10
7.00
6.90
6.90
6. 85
6.80
6. 90
7.00
7.20
7. 41
7.76
8.10
8.46
8,85
9.40
9.75

Nov.

9.80
9.70
9. 60
9.45
9.20
9.10
9.00

8.85
8.70
8. (15
& 60

8.50O
8.35
8.20
8.05
7.90
7.76l
7.560
7.35
7.15
6. 95
6.70
6.150
6.30

6.10

5.00

6.70

5.560
5. 40

. 30

.......

Dec.

5. 20
00

4.0
4..80
4. 70
4.6W
4. 35
4. 1(1
3.95
3.95
3.95
3.70
3. 0

3.00
2.50
2. :20
2.00
S.50

* 1. 10
a. (0

* 1.00
'.90
a.80
4115

* 1.40
* 1. 60'1.00

2. 20
2.70
1.60
1.2h
1.30

Changed loss than on*hMl! foot.

Day.

2
3
4
6
6
7
S
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
266
27
28i
291
30
31

I)ay.

2
3
4
5

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31

--



WATERWVAY, ST. LOUIS TO THE GULF AND CHICAGO. 1 (6 5

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo--Cont.'(.

WATERS POINT, MO.-Contlnued.

1905.

[Gauge, 22.40 rnlues frem Eads Bridge. Zero of gauge, 377.64 feet above Memphis datum plane. Gauge
readl at 8 a. in.]

Day.

I
2
3
4
6
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

0.60
.70

1.00
2.70
2.60
2. 5,0
2.70
2.20
2.00
2.05
1.45
1.35
1.25

.75
a. 70

a3.60
a 3. 60
a6.00
a 6. 40
8. 10

'7.90
'8.26
.8.40
a 8. 45
a 8.60
7.45
7.45
8.40
8.90
8.85
8.90

Feb.

9.10
8.80
8. 25
7.95
8.35
8.50
8.60
8.45
8.25
8.20
7.90

67.90
'8.60
'8.60
*8.70
'8.70
a 8. 80
"8.70
'8.60
68.40
a .30

8. 40
8.65
8.80
9.60
11.10
12. 80
15.85

Mar.

16.80
17.05
17.10
16.80
17.90
17.60
16.90
16.80
16. 80
16.50
16.45
16.10
15.6)
14.80
13.80
13.20
12.90
12. 55
12. 40
12. 25
12. 00
12.120
13. 10
14. (0
14. 30
14. 71)
14.95
15.30
10. 00
16.40
16. 50

Apr.

16. 00
17. 70
17. 55
17.35
17. 20
10. 70
16. 10
15.60
15.00
14.60
14.20
14.00
13. t0
13.80
13.70
13.75
13.90
13.95
13.60

b 13, 40
13.20
13.00
13.00
13. 40
13. 80
14. 20
14.80
15. 50
15. 75
16.60,

May.

17.00
16. 40
15. 410
14.85
14.40
13.60
12.60
12.20
11. 40
11. 20
11. 10
12.00
11. 70
12.30
13.70
1. 70
17. 60
18 30
lb. 65
19. 60
19. 60
18.80
18.20
17.900
17. 45
17.20
17. 10
17.25
17.10
17. 70
18.30

June. July.

17.96 21.00
17.60 21.00
17.60 21.00
17.90 21.20
18. 60 22.30
19.10 22.85
18.95 23.30
18. 30 23. 20
17. 76 22.80
17. 30 22. 60
17. 00 22. 40
17.05 22.t60
17.90 23.10
18.70 23. 5
19.30 24. 5
19.60 23.76
19. 40 22.80
19.00 21. 30
18. 50 20.00
18.90 19. 10
19.30 18.50
19.15 17.90
18.90 17.60
18.90 17. 60
19.30 17.90
19). 85 18. 45
20.10 18.60
20.10 17. lb
20.30 16.80
20.70 16.45

........ .17.70

* Doubtful on account of ice. b Change( less thla onc-half foot.

1906.

Aug. Seipt. Oct.

18.80
19. 40
191.75
20.00
19.20
18.30
17. 50
16. 70
15.96
16.40
15. 160
14.60
14.00
13. 60
13. 20
12.35
12.00
11. 70
11.90
12.30
12.80
13.00
14. 10
16. 56
17. 60
164.96
16. 50
16. 10
14.90
13. 40
12.20

11 30
11.15
10.60
10.20
9.90
9.65
9.70
9.80
9.80
9.60
9.60
10.30
11.70
11. 50
10.60
10.30
12.00
21. 70
25. 30'
27. 45
28.30
28.20
27. 40
25. 30
22.90
20.80
19.30
17. 40
1 5. 75
14.60

13.76
13.05
12.30
11.90
11. 155
11.20
10.60
10. 10
10.10
9.35
9.10
8.80
8.60
8.25
8.00
7.75
7.50
8.70
16. 60
16.00
14. 10
13. 10
13.60
13.30
13. 10
13. 45
15.20
14.40
13.30
12.770
12.25

Nov.

11.80
11.56
11.70
11.70
11.80
12.30
13.05
13.20
12.80
12.40
12.20
12.20
12.445
12.30
11.70
10.95
10.20
9.80
9.40
9.410
9.95

b9. 70
9.20
8. 70
8. 60
8.50
B. 40)
8.25
S.40
9.00

........

Dec.

9.50
9.75
9.55
9.40
8.95
8. 45
7.90
7.31)
6.70
6.00
6.560
5.20
5.00
5.10
5. 20
6.20
5.20
5. 20
6.30
5.:35
5. N)
5.(;
5. ti)
5.60
5. 40
5. 2(0
5.()
5. (X)
.). ')
5. o)
6. 10

c Reading changed one-half foot or more.

(Gauge, 22.40 miles from Ea(Is lirldge. Zero of gauge, 377.54 feet above Meiltihts datuinz plane. Gauge
read at 8 a. m.]

Ap1.

23. 7
23.1 3

I. (,U
22. 00
22.00
22.00
21. 70
21. 60
21.90
22.20
22.00
21.60
21.60
22.70
23. 80
23. 50
22.90
22. 65
22.30
21.80
21. 50

21. 10
20. 70
20.30
20.00
19.80
19.60
19.40
19.20
19.00

Ir...

. May. June. July. Aug. Sept.

0 18.90 12.95 1.7.05 9.90 9.80
5 18.70 13.50 17.60 9.70 9.251 I o _' . I -r - _. 1.rw ar r r18. lu

18.80
18.
18.60
19.20
19.70
19.30
18. 6(0
17.80
17. 10
16.70
10. 20
15.(65
15.10
14. 4()
13.90
1M3. 40
13. 10
12. 70
12. 40
12. 1.0
12. 10
12.00
11.90
11.85
¶1.90
12.10
11.90
12. 10

14. 6U
14.70
15. 40
15. 40
15.80
16. 6(
17.20
17. .0
17.80
17.60
17.05
16.85
16.75
16.60
10. 10

15.95
16.00
16.40
17.25
18.00
18.l65
19.05
19. 40
18.75
18.20
17.60
17.70
17.80

I........

I 7. 7b
17.80
17.60
17.10
16.80

16.60

16. 10
16.60

115.00
14.650

-14.10
13.95
13.50
13. 30

13. 20
12.80
12.30
12.00
11.70
11.G60
1.6IO

11.90
12. 80
13.40
12.80
12. 10

11.60
10.80
10.20

V. 'J

9.95
9.60
9.40
9.20
9.90
9.75
9.80
10. 30,
10. 36
10.90'
11.56

12, 10
12.20
11.90
11.30
10.75
10.80'
11.00
10. 75
10.40
9.90
9.40
9.50

11.00
12.20
11.90
10.90
10.30

V. WA
8.90
8.60
8.60
8.40
8.35
8.35
8.30
8.40

I 8.60
8. 45
8.35
8. 20
8.10
8.10
7.95
8.15
8.46
8.40
8.30
8.30
8.65
9. 80
10.30
10. 650
10.80
11. 10
11.20

........

Oot. Nov. D)ec.

11.50 5. 66 8.70
12.00 6.30 8.0)
12.25 6.135 9.:5O )

12.10 6.95 9. 4(1
11.80 7.10 9. 0O
10.80 7.10 9.80
9.95 7.20 10.20
9.40 7.30 10.:3(
9.00 7.45 10.
8.66b 7.60 9. CA)
8.30 7.70 9.25.
8.00 7.75 9.14)
7.70 7.70 8.90

7.65 7.70 8.1 )

7.30 7.75 8.41
7.20 7.80 8.16
7.10 7.90 7.80
7.00 8.10 7.13(1
6.80 8.10 0.704
6.60 8.05 6.0.
6.465 8.70 6.85
6.30 9.70 6.80
6.10 9.95 5.41)
6).00 09.60 4.71)
6.90 9.10 4.20
5.60 8.90 3. 70
6.60 8.70 13.4(
5.40 8. 70 3.10)
6.40 8.70 3.10
5.35 8.b5 3.60
56.33 .... 4. 40

*'oadIng oh"anged one-half foot or more.

Day.

1
2
3
4
6

6
7
8

9
10
21
12
13
14
16
16
17

19

20
21
22

23

24

25

20

21

29

80
31

FAb.

13.30
13.70
113. .A)
12. 50
11.70.
10. (0
10. 20
9.25
8.45
8.10
7.70
7.45
7.135
7.60
7.75
7.85
7.90
8.05
8.40
8.80
9. 10
9.30
10.05
12.
15.70
17.70
19.130

20.00

Jan.

6.30

6.50
7.60
12.20
14.80
14.35
13. 40
12.16
10.(O
9.20
8.30
7.70
7.35
7.10
7.10
6.80
6.40
0.40
6.60
7.00
9.40
10.65
12. )
13.20
12.40
12.20
11.95
11.90
12.10
12. 00

Mar.

20.60
21. 10
21.30
20.70

a 19. 70
18.80
17.95
17.60
17.35
17.30
17.00
16.430

15.80
16.40
14.90
14. 10
13.6;0
113. 10
12. 40

I11.80)
1.20

10. 00)
11.00
11. 30
1 . (10
20.60
2*2. 40
23.20
23.90 I



WATERWAY) ST. LOUIS TO THE GULF AND CHICAGO.

Tab zated gauge reading at selected stations between Chain of Rocks and Cairo-Cont'd.

WATERS POINT, MO.-Continued.

1907.

[Gauge, 22.40 miles from Bads Bridgo.

Day.

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Jan.

0

5. 7

6. 4

7.237
8.4-1
9. 4

9. 8

9.8

9. 7

9.6

9. 6

9. 45

9. 5

9.7

10.35

11. 1

12. 4

14. 6

17.5

23. 5

23.9

24.0

23,8

22.8

21.5

19.9

18. 5

17.3

16.5

15. 9

Feb.

15.4

14. 9

14. 3

13. 35

12. 35

11.2

9.9

8. 5

7. 65

7.0

7.0

7. 2

8.4

9.

10. 4

10.55
10. 3

10.

11.2

11.

10. 7

10. 5

11.2

12.3

13. 4

14. 05

14. 15

14. 1

Mar.

14. 0

13. 8

13. 4

13. 0

12. 8

12. 6

12. 6

12. 4

12.

11. 7

11.7

12. 4

14.05

16. 7

17. 5

17. 1

16.:
a 15.6

15. 4

15.3

15. 7

15.2

14.4

13. 9

13. 5

13.4

13.2

13. 2

13.2

14.0

14. 6

Apr.

15.3

15.8

15.9

15.7

15.5

15.6

15.35

15.2

15.3

15.5

15. 5

15.8

16.9

17. 15

17. 1

17.0

16.9

16.9

17.35

17.7

18.4

18.

18.2

18. 6

18.05

17. 7

17.0

16. 2

16. 15

Zero of gauge, 377.54 feet~ above Memphis datum plane. Gauge
road at8a. m.I

May.

16.8

17.35

17.4

17.2

16.7

16. 3

16.2

17.0

18. 1

18.5

18.3

17. 1

16.'2
15.,'3
15.3

17.0

19. 1

19.6

19.0

17.8

16.8

14.

13.9

13.3

12.7

12.2

13.0

13.4

13.3

13.55

June. July.

13. 55 21.'0
14. 2 20.4

15.0 20.05

17. 0 19. 3

19. 25 18.65
19.55 17.75

19. 4 17 68
18.8 17.9

18. 4 18.1

18.4 18.1

18.8 18. 1

19.2 18.0

20. 4 18. 2

21.1 18. 6

20.8 19. 4

21. 45 19.5S
20.8 20.3

19.9 21.5

19.15 22.4

18. 65 22.6
18. 5 23.0

18. 3 23.4

18. 3 24.1

18.7 24.8

20.2 25.

21. 0 24.9

22.0 24.55

22.2 24.0

21.9 23.75

21.56 23.15

..... 23.6

Aug.

23.0

21.9

20. 6

19. 6

18.9

18.3

17.9

17.6

17.5

17. 2

16.9

16.2

15.7

15.4

15.0o
14.9

14. 6

14.2

14.7

15.55

16.0

15.9

15.8

15. 65

15. 5

15.9

15. 0

13.5

12.2

Sept.

12. 1

12.0

12. 0
12.0
11.9

11.8

11.6

11.45

11.0

10.5

9.6
9.25

9. 0

8.8

8.3

8.0

7.9

7. 5

7. 3

7. 1

7.2

7. 5

7.75

7.9

8. 1

8.15

8.30

8.35

Oct.

8.35

8.4

8.6

9.3

9.9

10.2

10.3

10. 4

10.8

11.1

4

5

11.5

11. 1

10.6

10.2

9.8

9.35

9.0

8. 7

4

8. 1

7.9

7.6

7.4

7.3

7.2

7.0

6.8

6.6

6.45

Nov.

6.4

6. 4

6.4

6.2

6. 1

6. 1

6.0

5. 9

6.0

5.95

5. 9

5.8

6.6

5.5

5.5

5.5

5.5

5.45

5.4.5

5. 4

5.7

5.6

5.6

5.6

5. 5

5. 5

5.8

5.6
5.8

5.7

Deo.

5.865
5.6

6

5.5

5.4

5.3

5. 2

5.0

4. 9

4.85

4.85

4. 7

4.5

4.6

4.6

4.65
4.8

4.95

5.05

0

4.8

4.5

4. 5

4.7

4.7

4.6

4. 7

4.66
4.5

4.3

4.4

a Reading changed one-half foot or more.

1008.

[Gauge, 22.40 mIles from Eads Bridge. Zero of gauge, 377.54 feet above Memphis datum plane. Gauge
read at 8 a. mn.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov Dec.

1 4.55 3.30 15.40 13.25 15.40 25.410 27.20 ................. ...

2 4.70 j2.85 15.25 13. 10' 14.80 25.80 27,05 ~......................
3 4.80 2.00 15.50 13.15 14.30 26,25 27.20.
4 4.80 a~1.90 156.80 13.10 14.10 27.10 27.50.
5 4.70 2:30 16.00 13.10 15'.10 27.60 27.65 ......................
6 4.60 2.80 16.30 13.00 16.20 27.50 27.65 ......................
7 4.60 2.65 16.80 13.00 17.40 27.50k 27,50.......................
8 4.50 31.10 16.70 13.20 18.0 27.60 26.70.......
9 4.30 3.40 17.70 14.30 18.560 '27.50' 25.60............. .......
10 4.20 3.80 19.30 16.50 18.75: 27.55 24.80 ....I..................
11 4.15 4.00 19.50 18.10 19:.20' 27.55 24.10 ..................
12 4.60 4.55 19.40 19.00 1.5 27.80 23.90............
13 5.50 4.80 19.30 19.30 18.50 28.20 2:3.70................
14 6.10 8.10o 19.00 18.90 17.90 28.70: 23.50.......

15 5.60 7,65 18.60 18.90 18.10 20,10 22.80 ......................
16 5.15 11.70 18.10 18.20 19.76 29.80 21.00 .. ......

17 4.75 14.40 17.50 17.70 21,55 30.55 21I.00 ........
18 4.50 14.50 17.05 16'.90 22.20 31.05 20.50............. ...

19 4.50 14.70 16.70. 16.10 22.80 31.20 20.30 ...... ...

20 4.30 15.20 16.30 15.15 22.80 31.20 20.40 ................
21 3.95 15.55 16.00 14.50 22.'10 31.10 20.70 ......................
22 3.90 14.90 15.60 14.00 21.80 30.95 20.70.
23 4.10 14.30 15.20 13.90 21,70 30.70 20.25. ....1........
24 4.70 13.90 14.80 14.00 21.50 30.40 19.70 ....... ........ .......

25 4.65 13.45 14.35 15.10 21.00 30.00 19.20 ....... ................
26 4.60 13.50 14.00 15.40 20.90 29.70 18.80o ....... .........:..
29 4.500 145.0 13.50 16.70 23'.80 28.'30 S6

1 .55
.. .... .... ...

27 6.00 14570 13.70 15.840 21.80 289.3 18.65 ...... .............28 4.80 15.70 13.50 16.40 23.00 28,90 18.655....
30 4.10 .....13.70 16.00 23.80 27.70 18.16 .....
31 3.70 .....13.70 ....~.... 24.80 .....17.75......................

e Reading on temporary pauge.

166



WATERWVAY, ST. LOUIS TO THE GULF AND CHICAGO. I 167

Tabulated gauge readings at selected stations between Chain of Rocks and Oairo-Cont'd.
BIRICKEYS MILL, MO.

1891.

[Gauge 46.60 miles from Eads Bridge. Zero of guiage 364.&4 feet above Memphis datumn plans. Gauge
readI at S a. in.]

Day. Jan. Feb. Mar. Apr. May. June1. July. Aug. Sept. Oct. Nov. Dec.

1.........................................4.4 4.50 3.00O
2 ......... ..4.30 4.45 3.60
3 .... ..... ::.... ...:::.::: 4. 30 4.40 3.25
4................................ 4.15 4.35 2.95
5 ............:............................. 4.10 4.30 3.0.5
6......................................... 4.10 4.30 3.15
7......I ~~~~~~~~~~~~4.054.25 3.2.5
9 ~~~~~~~~~~~~~~. . .... ............ .. 4.05 4.30 3.509...... .......................... ... 4.05r 4.35 3. 70

10 .... ................. ................. 4.05 4.40 3.55
11......... ............. ............. 4.25 4.50 3. 2512 .. .. . .. . . . .. . . .. . . . .. . .. . . . . . . .. 4.60 4.50 3.2013......4.80 4.40 3.20

14................. 5.05 4.35 (a)

15.......5.35 4. 35 3.50
16................... .. .... .. ... . .... . .... ... 5.60 4.4011 3.85

17 . . . . .. . .. . . . .. . . .. . . . .. . . .. . . . . .. . .. . . . .C 4.45 3.65
18.5....... . ... . .... ... . .70 4.50 3.95

19 ..... ...... .. .. . .5.60 4.50 4.20
20... 5.55 4.065 4.20
21.........I Ii:5.45 4.50 4.40

24...................... ...............5..00..204...4.~
225 ........ ........ .............I........ 4..90.. 5.305 5.40 4.850
26 .................................. ........ .... 524.800500 0

28 ....................... ........ .4.60 50 4.8 4.80 7(a

289. .... ............... ........ 4.55o 4.750 4.45 4.80
30....... ..... ........ ~~4.50 4.75 4.3.5' 4. 75

31 ................ 4.65..... 4. 70

aHigh wiiid.

1892.

(CGauge 45.60 miles from Eads Bridge. Zero of gauge 364.84 feet above Memphis datum plauo. Gauge
rea(1 at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

1 4. 80 6.80 12.30 14. 40 18.30~ 28.20 2.5 16.20 9.20: 7.00 6.55 5.30
2 6.05 6.30 12.00 15.15 17.560 28.560 23. 70 15.80 9.20 7.00 6.55 5.20
3 5.75 6.560 11.00( 15.35 17.00 28.90 24.10' 15. 40 9.10 6.8.5 I6.30 5. 10
4 6.75 6,40 11.20 18.'10 16.90 29.50 24. 70' 15.00 8.90 6.60 f6.25 5.00
6 6.80 7.00 11.50 19.35 16. 90' 30.15 25.560 14. 30 8.70 6.60 6.20 4.95
6 5.90 7. 30 11.60 21.85 18.00 30.20 25.;90~ ..... 8.00 6.55 6.00O 4.95
7 Icee 9.45 11. 40 23. 40 20. 25 30.00 26.00 13.90 8.50 6.50 S. 90 4. 95
8 5.00 10.95 11.60O 23. 75 22.560 29.70 26.0.5 13.40 8.35 6. 40 5.'80 5.10)
9 4.75 12.70 12.30 23.75 23.50 29.55 26.25 13.20 8.16 6.35 5. 70 5.150

10 4.30 13.20 14.80 22.90 24.00 29.20 26.10 13.00 8.10 6.20 5.60 6.30)
iii 3.80 13.20 15.90 21.80 24.70 28.70 25. 90 12.80 8.00 6.00 5. 60 6.15)
121 3. 60 12.76 14.66 20.30 25.75 28.20 25.70, 12.80 8.10..... 5.65 6,.51)
13 Icee 12.30 15.20......26. 70 27.40, 25.50 12.80 8.50 5.90 5. 70 6 40)
14 Icee 11. 45 14. 40 18.30 28.50 27. 10 25. 35 12.85 8.70 6.85 6.70 6.310
15 lcee 10.70 13. 60 18.20 29.70 26.60 25.40 12.40 8.50 5.85 5. 60 6.00
16 3.20 10.45 13.00 18.45 30.20 26.10 25. 35 12.00 8.30 5.'85 5.60 5.90
17 3.25 10.55 12.35 18.45 30.50 25.50 24. 75 11.90 8.20 5. 70 5.70 5.50
18 3.65 10. 00 11.75 18.70 30.90 24. 95 24. 40 11.75 8.10 5.615 5. 80 5.2.5
19 4.50 9.60 11.560 19.30 31.20 24.45 24.15 11.50 8.00 5.65...5... 5. 1))
20 5.20 9.060 11.20 21.00 31.60: 23. 70 23. 76 11.20 7.85 5.70 5.8so 5.01)
21 5. 40 14. 40 10.80 22.10 31.30 23.35 23.05 11.00 7.80 5.80 5.90 4. 9-5
22 5.50 15.40 10.40 23.20 30.90, 22.065 23.30 10.85 7.75 5.85 5.95 4. 85
23 6.50 14. 40 10.25 23.35 30. 70 22. 05 22 00 10.560 7.70 5.70 5. 05 4. N;5
24 5. 40 13.00 10.90 212.90 30.45 21.85 21.85 10.20 7.60 5.70 5. 90 4.65
26 5.46 12.00 11. 45 22. 45 30. 35 2~2.10 20 75 10.00 7.50 5.05 5.85 2.95
26 0.00 11.20 11.60 21.70 80.20 22.50 20.'05 9. 90 7. 40 5(10 5.75 2. 95
27 7.6(0 11. 40 11.90 21. 00 29.90 22. 65 19.30 9. 60 7.30 5.060 5. 70 (a)
28 7, 56 11.80 11. 90 20.20 29 40 22. 90 18. 40 9.41) 7.20 I5.70 6.5 (a).
30 8.40. .12.2 1706 18,80 28.1)0 23.450 176.90 9.230 7.10 6.45 65.0 29
29 7.340 1.25... 11.70 19.50 28.00 23.305 17.550 9.30 7.105 6.005 5.540 2(9)
31 7.46...... 13.10......28.10...... 16.60 9.05..... 8.6.. 3. 35

a Below gaup.



168 WATE'RW1AY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulaied yaLWjc readings at selected stations between Chain of Rocks and Cairo-Cont'd.

BRICKEYB MILL, MO.-Coritinued,
1893.

(Gauge 45.60 miles from Eads Bri(lgo. Zero of gauge 364.84 feet above Memphis datum plane. Gauge
rea(Lat S a. mi.]

Day.! Jan. I Feb. Mar.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

4.00
4.25
4.10
4.00
3.80
3.70
3.25
3.30
3.05
3.30
3.40
3.60
3.80
4.00
4.10
4.10
4.10
4.50
4.70
4.90
4.50
4.45
4.40
4.50
4.70
4.70
4.70
4.70
4.65
4.70
4.70

4.50
4.40
4.20
4.00
3.90
3.80
3.8
3. 0
4.00
4.50
4.50
4.65
4.85
4.95
h.00
8.80
10.00
10.50
9.70
10.50
10.00
9.90
10.10
.9.10
8.90
9.90

AN'I IId.
10.10

........

........

10.80
11.50
WVind.
12.00
12.30
11.30
11.605
11.60
12.00
13. 60
16. 10
17.20
17.256
17.20
16. 40

Wind.
16. 70
17.50
18.70
18. 65
18.40
17.95
17.80
18.20
17.70
16.85
16. 00
15. C0o
15. 3()
16.00
14. 60

Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

_____ _ _ _ I I
14.40
14.30
14.20
13. 90)
13.90
13. :30
13. 70
14.00
13.90
14. 45
16. 00
18.80
20.30
20.40
20.45
20.20
20.10
19. 75i
18. 90
18.80s
20.90
22. 50
22. 60
212. 20
21.90
22.20
22. 90
23. 5'5
24. 55
25.90

26.65
27. 40
28.25
28.20
27.65
26t. 55
25. 55
24.50
23.60
23.00
22.45
22.445
22.75
22.65
22.50
22. 10
21. 90
21. 70
21.35
20.95
20.50
20.00
19. 65
19. 35
19. 20
19. 10
20. S0
22. 7(0
94. (00
21.55
'iVndl.

23.50
23.35
23.70
24.00
24.00
23.35
22. 40
22.10
22. 30
22. 10
21.40
20.40
19.80
18. 0
18.35
18. o0
18.00
17.60
17.00
16.70
IC),140
15. 90
15.00
15.40
15.55
15.95
17.70
17. 5
17.30
16.75

15.865
15.60:
15.40
15, 00
15.0o
15. 10
Ie. 80
17. 60
17. 20
16.60
16.00
15.30
15.00
14.10
13.90
12.20
12.20
13.00
13.70
14.00
13. 60
12.75
12.20
11.55
11. 20
10. 70
10.20
9.70
9.55
9.10
9.40

9.50
9.55
9.85
9. 0
9.05
8.50
8.05
8.00
7. 5
7.00
7.00
6.90
6. 80
6.65
6.30
6.10
6.10
6.00
5.80
5.75
6i. 05
7.10
8.40
8.00
7.60
7.20
6.30
6.20
f5.70
5.50
5.25

5.20
4.95
4.75
4.65
4.46
4.35
4.20
4.10
4.20
4.20
4.25
4.16
4.10
4.05
4.00
3.90
3.70
3.50
3.35
3. 25
3.20
'3.25
3.30
3.35
3.40
3.50
3.50
3. 55
3.60
3.60

........

3.60
3.65
3.(65
3.70
3.75
3.80
4.05
4.20
4.00
3.95
4.10
4.30
4. 35
4.20
4.00
3.80
3.65
3.65
3.50
3.60
3.55
3. 55
3.50
3.150
3.55
3.66
3.55
3.f60
3.55
3.50
3.40

3.40
3.40
3.150
3.60
3.60
3.f60
3.60
3.60
3.60
3.60
3.60
3.55
3.56
3.55
3.50
3.55
3.35
3.36
3.30
3.25
3. 25
3.30
3.35
3.40
3.35
3.30
3.25
3. 15
3.05
2.80

........

aS
a

aI
a
a

a
a
a
a

a

a
a
a
a
a

a Below gauge.

1894.

[Gauge 45.60 miles from Eads Bridge. Zero of auge 364.84 feet above Memphis datum plane. Gauge
great 8 a. in.]

Day.

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
20
27
28
29

31

Jan.

2.70
2.80
3.05
3.15
3.25
3.55
3.65
3.85
3.50
3.25
3.05
2.70
(a)

(a1

2.70
3.20
4.10
4.f50
4.00
3.16
2.70

(a)

Feb. I Mar.

(a

(a
(a

(a

4.30
5.50
6.80
6.00
5.10
5.00
6.00
3.80
4.00
4.40
6f.20
6.00
5.90
4.75
4.55
4.05
5.00
5.30
5f.50
5.30

I........

5.35
5.40
5.40
5.80
6.20
7.60
11.30
15. 0)
16. (90
17. 70
17.60
17.00
16.95
14.70
13. 45
12.80
12. 15
11.40
11.00
10.60
10.45
10.45
10.60
10.70
10.80
10.70
10.50
10.40
11.6512.00
11.50

Apr.

10.90
10.35
10.(0
9.80
9.50
9.00
9.05
9.20
10.50
11.60
11.20
11.05
11.40
11.90
11.75
11. 45
12.05
14.20
16.00
17.00
16.20
16.00
14.2'0
13.25
12.80
12.50
12.20
12.00
11.75
11.40

May.

11.70
12.20
13.35
13.65
13.55
14.00
15.20
16. 70
18.00
18.85
19.35
20.90
19.85
18.85
18.20
17.i65
17.30
16.90
15.95
15. 10
14.55
14.00
13.65
13.60
13. 40
13.30
13. 50
13.00
12.95
13.10
16.40

June.

16.65
16.55
16.40
16.15
16.00
16.95
16.00
16.40
16.55
16.50
16.45
16.30
16.10
16.16
16.20
16.15
16.05
16.00
15.70
15.75
15, 7515.85
15.90
16.00
16.05
16.95
16.00
16.30
17.05
16.90

July.

16. 15
15.75
15.I60
15.00
14.75
14.75;
15. 16
16.00
14.20
13.40
12.90
12.65'
12. 40
11.90
11.40
10.80
10.35
10. 15:
10.00
9.90
9.90
9.76
9.75
9.75
9.40
9.10
8.90
8.90
8.80
9. 10
8.80

Aug. Sept.

8.55 . C0
8.i0 3.80
8.60 3.75
8.30 3.65
8.20 3.90
7.90 4.0<
7.440 4.30
7.20 4,70
6.90 4.90
6.70 4.90
6.50 4.85
6.35 4.90
6.10 4.85
5.90 4.70
5.70 4.70
5.50 4.90
5.20 5.30
5.15 6.00
5.10 6.30
S.00 5.90
4.95 6.50
4.80 5.40
4.75 5.30
4.65 5.50
4.55 5.50
4.40 6.45
4.340 5570
4.20 5'i.20
4, 10 5.20
4.05 4.85
4.00.

Oct.

4.45
4.10
3.80
3.55
3.30
3.26
3.15
3.05
2.95
2.85
2.95
2.95
3.06
3.10
3.10
2.95
2.85
2.80
2.75
2.70

2.70
2.75
2.70

........,..2.75

Nov.

2.75
2.75
2.85
2.90
2.95
3.10
3.20
3.40
3.50
3.55
3.45$
3.40
3.35
3.30
3.25
3.25
3.25
3.20
3.25
3.20
3.25
3.26
3.20
3.20
3.26
3.20
3.20
3.10
2.90
2.90

......--

| Dee.

2.90
2.95
3.05
3.20
3.75
3.05
3.85
3.65
3.35
3.00
2.85
2.50
2.4M
2.50
2.60
2.80
2.70
2.65
2.60
2.60
2.65
2.70
2.75
2.75
2.75
2.60
2.60
2.60
l.80
1.60
1.80

* Bolo'w gaug.



WATERWAY, ST. LOUIS TO THIE GULF AND CHICAGO. 1 f;')

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
BRICKEYS MILL,, MO.-Contliued.

1895.

(Gauge 45.60 miles from Eads Brifge. Zero of gauge 364.84 feet above Memphis datum plua Gauge
read at8 a. in.]

Day.

1
2
3
4

5
6

7

8

9

10
11
12
13
14

15

17

19

20

21

22

23

24

25

26

27

28

29

30

31

Jan.

1.50

a

a
a

a

0.60

1.07
2.20

2. 60

2.80

3.35

2.80
2.20
1. 60

1.35

1.15

1.10
r.so

1.60
1.35
1.11.1
a)O
0.6

Feb.

(aa
(a
(a
2.50
5.10
5.10
It. 95
3.95
3.95
4.05
4.05
3.95
5.00
5.00
4. 80
4.80
4. 6
4.35
3.95
4.15
4.45
4.80
3.95
4.05
4.45
4.05

........

........

........

Mar.

5.50
6.20
6.50
6.95
6.90
6.70
7.00
7.40
7.40
7.20
6.90
6.70
6.60
6.40
6.20
6.20
6.00
5.95
5.90
5.70
(d)
(d)

|d

6.30
6.50
6.40
7.50
7. 55

Apr. IMay.

7.55
8.00
8.60
8.25
7. 35
7. 00
6.60
6.25
6.00
5.95
7.4.5
8.80
8 90
8. 60
8.40
8.05
7.50
7.30
7.00
6.75
6.65
6.65
6.80
6.60
6.50
6.15
6.00
5.95
5.90
5.90

........

S.r soay
(c

(c)

5.80
6.05
6.60

7.10
7.00
6.15

........

........
6.15

6.30
6.40
6.45
6.50
6.80
7.20
8.20
8.75
9.00
9.20
8.50
7.90
7.50
7.40
7.30
7.25
7.30
7.80

June.

7.70
7.60
7.50
7.35

6.80
6.90

7.00
6.90
6.75
6.80
7.50
8.45
9.00
10.75
11. 15
11.35
11.35
11.335
11.50
11.65
11. 40
11. 40

11. 75
12.00
12.10
11.75
11. 40
11. 35
11. 55
11.85

July.

12.00
12.15
12. .35
12.65
12.90
12.50
12.05
16.35
16.00
15.70
14.00
13.70
12.45
11.50
11.35
11. 45
11. 45
11.35
11.30
11.05
11. 45
11.850
11. 85
12.25
13.05
13.00
12.70
12.30
12. 05
12.00
11. 70

Aug.

11.80
12. 70
11.15
11.70
11.30
11.40
9.85
9.60
9.30
9.15
9.10
8.90
8.55
7.85
7.15
6.70
6.25
6.00

........

........'06f.30
6.60
6.85
6.70
6.90
7.05
7.40
7.85
8.15
8.45
8.50

Sept.

&40

&MC
8.85
9.70
9.80

10. 10

10.40
10.75
10.50
9.&5
9.40
8.80
8.40
7.60
7.20
6.90
6.50
6.10
C,90
5.80

(b
(b)
b)

b

(by

Oct.

(b)
(b)

(b
(b

(b

(b

(b

6b
(b

Nov.

b
b
b
b
b

b

b

2.0
b

b

2.70
2.70
2.50
2.50
2.45
2.40
2.40
2.40
2.30
2.30
2.20
2.20

2.15
2.25
2.30
2.35
2.55
2.45
2.35
2.10

.........

De.

2.00
2.00
1. 95
1.60

1.40
(a)
(a)Aa)

0.10

0.20
0.40
0.45
0.60
0.80
1.00
2.00
6.10
20.10
22.00
22.00
22.30
21.90
20.40
18.18
17. 40
17.20
16.80
15.80

* Below gauge. b Gauge broken. c Section out of place. 4 Gauge out of place
1890.

[Gauge 45.60 miles from Eads Bridge. Zero of gauge 364.84 feet above Memphis datum plane. Gauge
rud at 8 a. in]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. De.

1 14.80 a4,20 7.70 7. 70 12.40 23.50 15.80 13.00 7.90 6. 60 3.40 a 4. 5
2 13.85 4.60 8.25 7.20 12.90 2-2.70 16.00 13.05 7.45 6.15 3.4.5 4.55
3 12.60 5.30 8.55 6.90 12.95 23. 05 16. 35) 13.15 7.00 5.80 3.70 4.50
4 b 11. 50 6.25 8:35 6.50 12.95 23.20 16.40 13.45 6.70 5.60 4.40 4. 70
5 10.40 6.65 8. 00 6.20 13.00 23. 20 16.80 13.70 6.40 5.40 5.50 4.90
6 b9.40 6.75 7.75 6.00 13.00 23.35 16.85 a13.80 6.10 5.30 6.40 4.66;
7 a 8.60 6.95 7.40 5.75 13.05 .23.10 16.50 13.80 5.80 5.25 7. 45 4.05
8 8.00 7.20 7.10 5.60 o. 10 22.70 16.00 13.75 6.50 5.10 7. 85 3.70
9 7.30 7.05 6.80 5.50 13.25 22.45 16.25 13.3.5 5.30 5.00 b7.40 3.45
10 6.65 6.80 6.60 6.00 13.45 22.40 16.30 13.00 5.10 4.90 b6.90 3.20
11 6.00 6.50 6.45 8.00 13.85 21.90 15.75 12.30 4.90 4.80 b 6.40 3.00
12 5.40 8.25 a6.20 11.20 14.00 21.55 14.80 11.75 4.75- 4.80 6.16 3.00
13 5.20 a 6. 80 5.90 11.80 14.00 20.80 14.00 11.50 4.60 4.85 5.90 3. 10
14 5.10 8.00 5.80 12.00 13.80 b 19.55 13.0aO i.15 4.60 4.90 o.70 3.40
1b 5.00 10.20 5. 60 a 11. 70 13.20 17.90 13.05 10.50 4.75 4.90 5.55 3.60
16 5.00 10.10 5.50 11.40 13.00 16.65 a 12.50 10.30 5.00 5.15 5 40 4.00
17 4.90 9.40 5.20 11.15 12.90 16.00 12.25 10.00 5.'20 5.15 5.40 4.50
18 4. 85 8.90 5.10 10.90 b 12. 90 16.70 12. 25 9.40 5.25 5.10 5.50 5.00
19 4.85 8. 50 4.80 10. 45 14.80 17.40 a 12. 30 9.25 5. 65 4.80 5.55 5.70
20 4.80 7.80 4. 60 9.80 18.40 17. .5 13. '25 9. 35) 6.00 4.70 5.55 6.15
21 4.65 6.90 4.60 b 9. 70 21. 3;5 17.45 14.05 10. 20 6.95 4.50 5.55 6.35
22 4. 55 6.00 4.80 b 91.t0 22. 0 17.20 18.00 10. 75 7.90 4.35 5.50 6.30
23 4.50 5.50 5.40 9.35 b 23.160 b 17. 10 20. 05 11.40 8.90 4.25 5.40 6.20
24 4.75 5.20 5.80 9. 10 24. 40 16.00 20.05 11.65 9.15 4. 05 5.2 5 6.05
25 .o05r 5.00 6.20 8.80 25. 00 15.90 19.10 11.15 8.80 3.I95 5.10 b5.90
26 5. 245 5.10 7.10 8.90 25.70 15.60 17.60 10.70 8.35 3.85 5.05 *5. 70
27 4.90 5.55 b 7. 70 9. 20 25. 5.0 15. 615 16.50 10.45 8.15 3.70 5.00 5.60
28 4.50 6.60 7.40 b 9. 70 26.00 15. V5 b 1. 70 9.95 7.80 3.60 4.95 5.40
29 4. 30 7.35 7.30 b 10. 40 2f36.00 ;16.30 14.50 9.30 7.50 3.55 4. 75 5.20
30 4. 20 ....... 7.55 11.30 2.5. 20 b 16. 20 14.00 8.80 7.00 3.45 4. 70 *5. 10
31 4.10 ........ 8.00 ........ 24.2 ........ 13.45 8.35 .. .40.. 5.06

31 edn hne estanoebl ot hnedoebi oto oe

& R&MUU9 chang*d less thaa on*-half foot- 6 Changed one-half bot or mom



170 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabu~ated gauge readings at selected station. betulen Chain of Rocks and Cairo-Cout'd.
BRICKEYS MILL, Mo.-Continued.

1897.
(Gauge 45.60 milee from Eads

Day.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

yan.

5.10
5.10
5.50
15.00
21.40
22.40
22.80
22.50
20.00
17.40
14.80
12.76
10.95
10.05
9.30
8.95
8.65
8.85
9.90
11.00
12.45
12.65
12.85
c12 55
11.90
11.20
10.00
Ice.
Ic
Ice.
Ice.

Feb.

Ice.
Ice.
Ice.
Ice.
Ice.
5.90
6.25
6. 65
7.10
8.20
9.15
9.85
9.75
10.35
10.90
11.40
11. 70
11.40
11.10i
10.70
10. 60
11.50
12.80
13.60
14.00
13.80
13.20
12.40

........

........

........

Mar.

.11.40
11.00
11.00

a 11.50
14.60
19.10
21.05
21.35
21.00
20.35
19.20
18.55
18.20
17.50
16.90
16.20
10.00
16.10
16.65
16.85
17, 30
18.00
18.30
18.60
18.80
19.60
20.90
21.65
21.70
21.45
21.25

Bridge. Zero of gauge 364.14 feet above Mempbis datum plane. Gauge
read at 8 a. m.]

Apr.

22,85
24. 60
26. 15
26.45
26. 15
25.80
25.90
25.80
26.30
26,80
27.35
27.15
26.65
26.00
25.30

c 24.60
24.20'
24. 10
24.30
24.20
24.20S
24. 30
24.60
.24.70

a 24. 50
a 24. 30
23.95
24.25
25.00
26.10

May.

26.70
27.20
27. 15
27.00
2.60
25.95
25.00
23. 80
22.65
a21.90
21.20
20.256
19. 35
18.7651& 10
17 60
17,00
16.40
16.80
15.30
14.80
14.30
13.85

a 13. 60
13.55
13.55
13.90
14.00
14.00
14.10
14.00

June.

13.30
12.65
12. 80
12.90
13.70
:14. 10
14,60.
14.70
14.75
14. 50
14.20
13.90
13.60
13.00
12.80
12.70
12.65
12.65
12.76
12.:75
12.55
13.25
13.40
14.40
14.35
14.90
15.85
16,.85
16.60
18.25

July.

18.95
:18. 15
18.035
18.80
18.95
0018.0''
17.16
17.20
17.10
16.30
15.45
14.90

-14. 00
13.302
12.85
12.30
12.20
12.35
12.45
12. 10
11.60
11.30
11.10
11,25

d 12.60
d 14.60
15.00
14.30
13.00
12.30

Aug.

11.80
a 11.60
11.40
11. 15
10. 75;
10.560

10.10
9.90
10.40
10.10
a 9.80
9.60
9.25
9.10
9.05
8.90
8.80,
8.70
8. 0
8.30
8.20
8.00
7.90
7.60
7.40e
7.10
8.70
6.50
6.35
6.10

Sept.

5.80
5.60
6.30
5.20
4.80
4.65
4.60
4. 55
4.65
4.60
4.50
4.35
4.16
4.00:
3.80
3.60
3.50
3.40
3.30
3.25
3.20
3.10
3.10
3.05
3.20;
3.35
3.40
3.35
3.30
3.20

........

Oct.

3.10
3.00
3.00
2.90
2.90
2.80
2.756
2.70
2. V
2.70
2.65
2.05
2.55
2.50
2.40
2.35
2.25
2.15
2.10
2.05
2.05
2.00
2.00
2.00
2.05
2.05.'
2.00
2.00
1.95
1.95
1.95

Nov. |Deo.

2.00 2.10
2.25 2.0
2.20 1.70
2.10 1.50
2.00 1.20
2.0(5 (b)
2.15 tb)
2. 301 (
2.60~

2.80 5
(

2.7 0
2.750
2.80 b
2.90 b
2.75 b
2.65 b
2.60 b

2.30 b
2.25 b
2.25 b

2.25 b
2.25 b
2.25 b
2.25 b2.25 b

2. 15 (b

........ ( b

a Changed less than one-half foot. r Reading changed one-half foot or more.
° Below gauge. d Iuterpolated-no reading.

1898.
[Gauge 45.60 mlles'from Eads Bridge. Zero of gauge 384.84 feet above Memphis datum plane. Gauge

read at 8 a.m.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Deo.

1 ....... Ice. 6.70 20.70 13.00 17.20 20.35, 10.30 5.40 5.40 ... 4.50
2 (a Ice. 6.60 19.65 12.80 16.80 20.35' 9.70 5.00 6. 0C....... 4.05
3 (a Ice 8.45 18.40 13.40 16.90 19.96 10.60 4.70 4.80 7.00 b 3.75
4 0. 40 Ice: 6.30 17.00 15.60 17.65 19.20 11.20 4.40 4.40 6.16 3.25
6 .60 Ice. 8.16 16.60 17.60 18,00 018.20 11. 10 c4.20 4.10 5.70 3.00
6 C,80 Ice. 6.00 16.30 18.40 18.30 17.60 10. 25 4.06 3.80 6.40 2.60
7 1.30 Ice. 5.95 16.60 18.45 18.30 17.65 9.50 4.00 3.65 5.10 2.40
8 1.60 2.70 5.85 16.65 18.30 17.65; 18.30 8.80 4.00 3.45 6.30 2.20
9 1.80 2.90 6.80 16.10 17.70 16.80. 19.70 8.65 4.55 3.26 6.70 1.90
10 2.05 3.60 5.70 416.10 17.20 16.70 19.90 8.85 6.50 3.00 c5, 80 1.30
11 2.70 3.65 6.70 16.05O 16.65 17.05 19.60 8.70 6.50 3.00.50 ..

12 3.90 3.90 6.05 16.20 15.80 18.05 19.00 7.95 7.26 03.05 6.60.
13 4.60 4.70 7.60 b14.90 14.95' 19.00 7.85 7.25 3.70 6.400.40.
14 6.20 06.40: 11.265 c14.90 14.60 19.70.7.90 7.003.855 6.20.
15 5.30 7.00 14.30 14.90 14.20 20.10 . 790 6.60 3.45 6..0.
16 5.00 7.05 14.80 16.16 14.00 20.30 . 8.00 8.00 2.9.5 6.f0 .....
17 4.G0 7.15 14.95 14.90 15.60 21.65 . 7.90 6.60 2.70 6.20 .....
18 4.30 7.20 15.00 14.65 18.85 22.35.7.75 8.15 2.45 4.90 ......
19 4.05 7. 65 14.60 14.30 19.70 2220..b 7.70 9.00 2. 65 4.80 1.10
20 4.35 8.15 14.60 c13.80 19.76 21.60 .. 7.65 8.80 03.00 4.70 1.60
21 4.65 9.20 16. 10 13.20 19.76 20.60 .. 8.80 8.45 o 4.00 4.40 1.80
22 5.40 10.10 16.65 12.80 b21. 70 19.35 ...:... 9.30 7.25 6.70 4.40 2.20
23 6.95 9.60 20.40 12,60 23.30 18.V05 ..,... c 9.00 6.80 7.90 4.65 3.80
24 8.00 8.76 21.80 12.00 b23.70 b 17.60 ... 8.20 6.80 8.20 4.90 5. 10
26 6.80 8.10 21.80 11.75 023.20 b 17.20.. 7.30 b 7.40 W.00 6.70 6.80
2 6 .76 7.65 21.60 12.16 22.20 17.00 ... 7.00 7.40 7.10 6.60 7.60
27 6.65 7.15 21.21 14.00 21.30 17.30 ..6. ,.70 7.20 6.50 7.40 8.00
28 6. 10 6.90 20.75 15.20 20.30 18.70 9.90 6.30 7.00 6.20 7.00 7.80
29 5.95 ........ 20.45 14.60 19.30 19.90 9.30 6.00 6.40 6.90 6.15 7.50
30 5.6.5 ...... 20.70 13.65 18.90 20.40 9.60 5.90 6.60 b 7.90 5.15 7.16
31 4.90 ... 20.95 ........ 18.20 '.'.... 10.60 6.70 .. 8.25.. 6.60

Below gauge.
D Beading changed onevhaIJSoot or more.

* Changed less than one-alf foot.
dInterpolated-no rea4dno.
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Tabulated gauge reading. at selected stations between Chain of Rocks and Cairo-Cont'd.
BRICKEYS MILL, MO.-Continued.

1899.
f0auge, 45.f01 miles from Eads Bridge. Zero of gauge 364.84 feet above Memphis datum plane.- Gauge

read at8a.m.]

Feb. Mar.

.....1.00
......12.90
........it. 90

........ H..1.0
........10.85
........10.50

........ b 10. S0

...-b 10. 25
........ 9.50
........ .9.35
........ .9.60

9.85
9.9J0
10.40

........ b 11.10.io.1 to
........ 14.30
...... t15. 00

. 15.45

..16.70
........ 17.75
........ 1 .00

. 17.70

. 17.16

. 1645
90 a 15. 70

6.50 b 14. tiO
11.40 13.60

........ 12.86

........ 12.10
..11..60

Apr.

11.80
11.80
11.35
10.80
11.00
11.70
12. 30
12.35
12.20
12. 25
12. 40
12. 75
14.60
14.80
14. 26
13.70
13.60
13,40
13.40
13. 60
14.76
15.650
17. 90
20.60
22. 10
22.90
23. 10
22. 75
22.45
22.35

May. June.

22.45 20.30
22. 40 20. 45

a 22. 20 21. 15
21.46 21.35

b19.85 21.35
18. 80 21 45
18.20 21.20

a 17. 76 20.70
17.50 20.25
17. 60 20. 25
1& 05 20. 25
18.70 20.30
19.30 21. 10
19. 50 22. 00
19.356 21.80
1.85 20, 80
1. 15 20.00

a 17. 65 19. 95
17.00 19, 95
16.40 19. 90
16.80 19.70
17.60 19.30
19.10 18.85
20. 60 18. 20
21.50 17. 70
22. 25 17. 30
22. 25 17. 35
21.80 17.65
21.16 18.00
20. 55 18. 20
2 35 ........

* Reading changed less than one-half foot.

1900.

July. I Aug.

18.20
13.20
1840
19.00'
19. 60
19.85

b 19. 95
20.35
20. 25
20.20
20.60
20.75
20. 65
20. 00
19. 35V
18.66;
18. 30
17. 95'
17. 85
17. 65
17.35
16. 80
16. 20

a15.60
16.10
14.60
14.10
13. 55)
13.15
12. 70

a 12. 45

12.30
12.40
12.40
12. 10
11. 75

a11. 70
a Il. 60
11.30
11 15
12. 05
13.60

b 14. 10
13.45
13. 30
13.15
:12. 40
11. C
11.00
10.0
10.00
9.65
9.30
380
3.20
7.85
7.50
7. 25
7.10
6. 90
6.65
6. 5

Sept.

6.6.
6.60
6.45
6.25

a6. 10
5.95
5.75
6.656
5.55
6.55
5.60
6.75
5.80
5.70
6.60
6.60
6.46
6.655
6.65

* 5. 70
65.160
6.40
5.30
5.00
4.85
4.70
4. 65
4.50
4.35
4. 36

Oct.

4.30
4. 06
4.00
3.96
3.85
3.76
3.60
3.60
3.40
3.30
3.25
3.20
3.10
3.05
3.00
2.90
3.00
3.00
3.05
3.05
3.05
3.00
2.90
2.86
2.80
2.70
2.70
2.90
3.20
3.60
3,70

Nov. Dec.

a3.60 4 30
a 3. 40 4 20
3.60 4.10
3.70 4 10
3.o0 4.00
4.06 4.00
.25 3.90
*.60 3.85
.60 3.80
4.70 3.70
4.80 3.70
6.10 3.65
6.20 3.65
6.30 3.70
6.40 3.75
&640 3.80
6.30 3.55
5.30 3.20
6.30 3.30
6.25 3.65
6.20 4.05
6.20 &370
6. 30 2.80
6.60 2.50)
65.5 2.40
6.30 2.25
5.05 .......

b4.70 .......
4.60 .......
4.556

............

b Changed one-half foot or more.

(Gauge 45.60 miles from Eads Bridge. Zero of gauge 364.84 feet above Memphis datum plane. Gauge
read at 8 a. m.]

Jan. Feb. Mar.

I........
1.50
1.76
2.05
2.15
2.40
2.6b

........

2.10

2.30
2.80
4.26
6.10
&600
6.60

b 4.90
4.60
4.60
4.40
4.26
4.00
Ice.
Ice.

Ice.
Iee.
Ice.
Ice.
Ice.

,1........

Ice.
2.00
3.60

I.B&5
6.46
6.00
6.60
6.45
6.00
Ice.
Ice.
Ice.
Ice.
Ice.

Ice,
5.65
6.60
7.70
7.10

s80
Ice.
Ice.

1-------
I ......

... ...

Ice.
Ice.
Ice.

lee.

7.10
11.70
15.60
16 10
16.40
17.30
18.20

a 19.35
a 20.25
20.56
20.65
20.45
20.05
19.2,6
18.05
17.16
16.40
16.90'
15.45
14,85
14.36
14.00
13.60
13.00
12.65
12. 10

Apr.

a11. 75
12.20
12.40
12.40
12.45
12.75
13.30
14.00
14.35
14.20
13.90
13.80
14.40
1.30
16.20
16.90
15.00
14.10
13.60
13.356
13.60
14.,0
14.10
14.60
14.80
16.16
16.25

b 16. 10
14.70
14.35

May.

13.90
13.45
13.35
13. 56
13.60
13.406
13.75
14.00
14.26
14.05
13. 90
13.60
13.80
-14. 40
13.90
13.200

a 12. 30
12. Vl
12.20
12:l.36:
12. 35
12.36
12.26

b 12.30
12. 15

I11.8b'
11.45
11.05
10.95
11.40
11.80

June. July.

11.60
11.40
11 45
11.30
10.90'

0 O.60
10.16
9.95
9.90
9.60
9.60
9.20
9.20
9.55
12.30
12.20
11.10
10.60

9.95
9.85
9.80

.10.60'
12.05
12.85
13.00
12.95
12.80
12.30
11.35
10.65

10.20
10.00O
10.05

; 9.
10.00
9.95
9.65
9.60
9.30
9.30
9.16
9.05
9.05
9.00
8.60
8.60
8.60
8.66
8.60
8.20
& 10
8.46
9.60

a 10. 70
11.6.0:
11.90
11.76
11.35
10.95
10.56
10.30

Aug.

10.05
9.65
9.25
8. 90
8.50
8.05
7.55
7.10
6.70
6.30
0. 00 0
5.70
6.30
5.10
4.90
4.75
4.60
4.60
4.90
S.20
7.25
7.90
&800
7.90
7. 80
8.00
7.80
7.80
7.70
7.60
&00

Sept.

8.60
8.&65
8.80
8.80
8.80
8.90
8.85
8.20
7.65
7.35
6.85
5.60
6.25
6.00

5.80
5.60
5.65
5.40
5.30
6.30
5.45
6.75
6.20
6.45
6.60
6.60
6.70
6.90
7.40
8.20

Oct.

8.85
9.20
9. 76

11. 00
11.40
11.25
10.80

a 10.80
11. 16

11.35

11.00

10.16
9.60
9.20
8.95
8.80

& 70
&365
8.70
8.80
9.00
9.36

9.76
10.20
10.45
10.65
10.75
10.85
10. 76

10.90
11.00

Nov. Dec.

11.25 9.10
10.70 8.50
10.30, 8. 00
10.20 7.50
10.35 7.15
10.60 6.80
11,35 6.50

b11.85 6.30
11.90 6.10
11.60 6.05
11.25 6. 90
11.00 6. 75

a 10.85 B. 55
10.76 6.35
10.60 5. 10
10.35 4.9.)0
10.20 4. 70
10.16 4.50
10.50 4. (2
10.50 4.00
10.60 3.70
10.55 3.50
10.65 3.30
10.70 3.25i
10.70 3.10
10.80 3. O)
10.70 3.20

b 10.40 3. I

10.10 3. In
9.6h b2J)z
..... 2. 75

a Riding chagd one.h foot ormomt

Jan.

& 80
4.80
4.00
3. 50
3.40

........

........

........

........

........

........

........

........

........

Day.

1
2
3
4
6
6
7
8
9

10
11
12
13
14
16
10
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Day.

I
2
3
4
6
6
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

& ChanW low than one-half foot.
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Tabuldted gauge reading. at selected stations between Chain of Rocks and Cairo-Cont'd.
BRICKEYS MILL, MO.-Contlnued.

1904. i

(Gauge 45.60 miles from Eads Bridge. Zero of gauge 304.84 feet above Memphis datumn plane. Gauge
real at 8 a. m. Commenced reading April 1, 19,4.]

.Jan. Feb.

........ ........

........ .... I ......

........ . ........

........ . ........

.. .......

........ .. .......

........ .. .......

........ . ......

........
.. ........

........ .. .......

Mar. Apr.

21.90
21. .0O

. 21. 30
20. 80
20. '20
I1t). 70
19. 11)
18. N)
18. 20

21. 10
.20. 30

2'.0, 70
.20. 60

20. 41(1
.IA), .50

2(1). 3s0
. 20.30
. '1..,0

2., 60
21. 10
21. 10
21. .10
21.80
23. 90
27.00
28. 60
29. 40
'29. 80
29.90

May.

29.80
294.0
29o00
28. 20
27. 30
211. 10
26. 10
23. 80
23. 30
23. 20
22,.84
22. '20
21. 60
20. 70
19.90
19. 40
19.(O
18.70
19.00
19.40
19.10
18. 60
18. 10
17. 50
10.90
1Q, 0
111. 10
10.20
10.40
10 70
17. 70

a Reading changed less than one-half foot.

June.

19.70
21.00
21. 30
21.00
"20. 90
c22.80
24. 60
24.80
24. 40
23. 70
'22. B0
22. 10
21.60
21.00
21.30
21. 6

* 21., 0
a 21. 60
* 21, 76
21. 60
21.70
21.90
21, 60
21.00
19.40
19.00
18.90
1& 70
19. 10
20.30

July.

20.00
c20.60
19.70
19. 40
10, 00

c18.80
c18.20
17.80
18.70
21. 10
22. 0
23. 70
241.00
23.60
22. 80

c21.40
019.80
017,90
c17,600
c17,30
a 17. 10
a 10. 60

1I 80
* 16. 10
14.90
14.90
14.60
14.00
13. W0
13.20
12.90

Aug.

12. 70
12.30
12.00
11.60
11.00
10. 6o
9,90
U. 60
9.0
8.b0
8.'20
7,90
7.70
7, 60
7. 04)
7.70
7.80
7.90
7.80
8.60
0.60
10.20

c 10. 10
.10.8;0
10.80

a lo. U0
11.20
1(). 40
9.50
8.70
8. 30

Sept.

7.G0
7.10
O). So
7.00
7. 20
7.30
0.900
6. (10

0. 30

f. 30
0.,20

6.20
a 0. 10
co. 10
c01. 16
07.20
8.6o
9.60

10.30
10.0O
9.10
8.80
9.(O0
9.70
9.00
9.70
9.90

Oct.

10.30
10.20
10.00
9.70
9.00

(18.60
8.20
8.00
7.80
7.:07.30
7.00
6.90
6.70
0.O0
0.40
0.20
0.10
0,00
6.90
6.90
0.10
0.20
6.30
6.60
6.80
7,10
7.40
7.90
8.20
8.70

Nov.

a 8.80
c8.76
c8. Co
a 8. 60
a 8.30
8.20
8.10
8.00
7.80
7.70
7.60
7.60
7.40
7.30
7. 20
7.10
0.90
0.70
6.00
0.40
0.20
0.00
6.80
6. 60
6,60
6

6I
b
t

Dec.

b)
(b
(b

~b

6. :47
6.27
6. 17
6.27
6. 17
4.87
4. 17
4.07
3.07
3.37
2.87
2.27
2.17
2.27
2.07
1.97
2.27
2. 1i7
2.07
3.37
4. (7
2.77
2.27
2.27

bNo gauge. c 1Reading changed one-half foot or more.

1905.
[Gauge 45.60 miles from Eads Bridge. Zero of gauge 304,84 feet above Memphis datum plane. Gauge

read at 8 a. in.]

Feb. Mar.

a8, 4 16.3
*8.0 16.4
7.8 16.6
7.1 16.2
7.0 17.0
7.1 417.4
7.2 16.8
7.6 16. 4
7.3 16.0

b7,3 116.7
6.8 15.4
6.7 15.0
6.7 14.5
6.3 13.8
6.9 12.9
6.7 12.3
6.6 11.7
6.6 11.6
FS.4 11.3
6.4 11.3
6.6 1. 1
6.8 11.3

a6.4 111.6
7.1 412.6
7.9 413.2
8.3 13. 56
9.8 13.7

a 14. 1 14.0
........ ..14.6
........ ..14.8

16.4

Apr.

15-16.6
16.4
16.3
16.2

A16.8
16.1
14.6
14.1
13.6
13.2
13.1
13.0
12.8
12.6
12.6
12.8
12.8
12.6
12.3
12.1
11.9
11.8
12.1
12.8
13.0

- 13.6
14.1
14.4
16. 1

........

May.

16.8
15.3
14.6
14.0

'13.4
13.0
12.0
11.4
10.7
10.3
10.2
10.6
10.8
11.2
12.3
14.1
16.0
17.0
17.4
17.7
18.5

*17.8
17.4
16.9
16.6
16.1
16.0
16.1
16.3
17.0
17.2

June.

17.0
16.6

18.8
17.4
18.0
17.9
17.4
16.8
16.4
16,0
16.0
16.7
17.6
18.2
18.3
18.4
18. 1
17.6
17.8
18.2
18.1
17.9
17.7
1s. 1
18.7
18.9
19.0
19.1
19.4

1........

July, I Aug.

19.8
19.9
19.9
20.0
20.9
21.6
22.0

l22.0
21.7
21.6
21.3
21.4

l21.7
22.4
22.9
2'2.8
22.0
20.7
19.4
18.6
18.2
17.2
16.7
16.6
16.8
17.4
17.0
16t.4
16.8
16.2
16.5

17.4
18.1
18.65
18,8
18.2
7.0

a 10.8
15.7
16.0
14.3
14.2

l13.7
13.0
12.6
12,3
11.4
t11.1

b10.7
1 10.8

11.2
11.7
12.0
12.7
14.8

a1a0.3
a 16.9
b 16.6
16.0
14.1
12.8

Sept.

10.9
10.6
10.0
9.6
9.0
8.8
8.7

I,O
9.0
8.8
8.9
9.1
10.4
10.2
9.8
9.4
11.0
19.2

a 23.0
26.2
26.8
27.1
20.4
25.0
23.0
20.6

a 18.8
17.1
16.3
14.2

11.4 1........

Oct.

13.3
12.6
12.0
11.4
11.0
10.6
10.1
9.8
9.1
8.6
8.2
8.0
7.8
7.7
7.4
7.3
7.2
7.4
13.6
16.3
13.6

b 13.2
b 12.9
12.7

b 12.61
12.7
14.3
13.7
12.7
12.0
11.6

Nov. Deo.

11.1
10.7
10.8
10.8
11.0

a 1.7
12.0

a@12.4
11.9
11.6
11.4
11.2

b11.6
b 11.3
10.8
10.2
9.7
9.2
9. 1

9.0
8.9
9.2
8.9
8.7
8.8
8.1
7.9
7.7
7.6
8.0

... .....

a 8.6

9,0
a8,8
a

8.7
I 8.1

7.6
7.2
6.7
6.3
6.7

C 6. 0
4,7

4,5

4,4

Ib4,4
4.4

4.3

l 4.7

4.6
4.4

4.7
4.0
4.0
4.6
4.4
4.1
4.1
4.3
4.7
6.0

Chaged by comparative hydrograph:
* 1eaingdohanged one-hf foot or mor.
Chant ifa ounh.J tfoot.

* Interpolated--no reading.
Doubtiul on account of ice.

1-

Day.

11

2

4

15
IIS
17

8
9
10
I1
12
13
14
16
10
17
18
19
20
21
'22
23
24
26
20
'27
28
29
30
31

I)ay.

1
2
a
4
6
.7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31

Jan.

a1.4
1.4

l 2.31 3.2
3.6
3.4

b3.0
3.4
2.7
2.5
2.6
2.1

d 1.9
d3.8
dt6.0
d4.0
3.7
S. 1la6.138l.3
8.0
8.6
8.7
8.8
8.7
8.4
8.8
9.6
8.9
8.4
7.9
8.2
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Tabulated gauge readings at selected stations between Chain of Rocks and Cua(ro-Cont'd.
BRICKEYB MILL, MO.-Continued.

1906.
(Gauge 45.60 miles from Eads Bridge, Zero of gauge 364.84 coot above Memphis datum plane. Gauge

read at 8 a. in,]

Jan.

5.3
5.3
6. 4
6.4
9.8
13.3
13,3

C 12.3
C II.3
c9.8
b 8.5
7.4
6.9
6.3
6.0
6.9
6.8
5.5
5.3
5.3
6.8
8. 5
9. 4
11.0
12.0
11.11
11,2
10.9
10).8
10.9
11.4

Feb.

11.8
a 12. 1
a 12.0
11.0
10.0
9. 4

b 9,0
8. 6
7.8
7. 3
7.0
6.7
6.5
6.7
(i.7

. 16.8
6.8
7.0
7.3
7.8
8.1
8. 3
8,8

10. 6
13.7
15.8
17.0
18. 4

........

..........'......

Mar,

19.1
19.7
20.0
19.6
18.7
17.7

b 16.7
b 16. 4
a 16. 2
10.2
10.0
15.6
15.2
14.9
14,4
14.0
13.3
12,9
12..4
11.8
11.4
11,0
10.3
10.4
10.7
11.2
13. b
18.f5
20. 5
22. 0
212. 8

a Heading changed less tl

Apr.

22.7
22.6
21.9
21.2
21.0
20.8
20.7
20. 5
20.9
20.9

a 20.8
20.6
20. 4
21.4
22. 5
22. 5
21.9
21.6
21.3
20.9
20.5
20. 2
19.7
19.3
19.0
18.8
18.6
18.4
18.1
17.9

........

May.

17.8
17.7
17.6
17.6
17.5
17.4
17,8
18.6
18.3
17. 7
17,0
16.4
15.8
16,2
14.8
14.2
13.7
13.1
12,7
12'3
12. 1

b 1 1 7
11.5
11,3
11.2
11. 1
11.1
11.1
11.1
11.2
11.2

June.

12.0
12.fi
13.3
13.7
14.3
14. 5
14.7
15.4
16..3
16.6
16i.9
16.7
16.2
15.9
15.9
15.6
15.3

15. 1
15. 3
16,0
17.0
17.6
18.1
18.7
18.0
17.0
16.6
16.8
17.0

........

July.

16.8
Ii.8
16.8
17.0
16.7
16.3
if1.0
16.7
15.2
14.8
14.2
13.7
13.3
13.2
12.8
12.5
12,4
12,1
11.7
11.1
10.9
10 8
10. 9
11. 1
11.7
12. 4
12.3
11. 4
10,8
10.0
9.6

Aug.

9.3
9.0
9.0
8.9
8.8
8.7
8.6
9.0
9.1
8.9
9.0
9, 7
9.9
10.4
11.0
11.1
11.1
10.5
10.1
10.0
11). 1
10.0
9.6
9.3
9. 1
9.1
9.0
11.3
11.1
10.4
9.7

Sept.

9. 1

bD, li

ba.,a 8. 2'
8.7
7.6
7. 4
7 4
7.3
7.3

7.3
7.6
7.6
7.3
7.2
7. 1
7.0
fi.9
7.0
7.3
7.4
7.4
7.5
7.9
8.5
9. 1
9. 3
9.5
10.0
10.3

Oct. Nov.

10.6 4.5
10.8 4.9
11.1 5.5
11.1 5.6
11.8 5.9
10.0 6.0
0.0 6.0
8.5 6.1
8,1 6.3
7.7 0.4
7.4 6.5
7.1 6.0
6.8 6.0
6.6 (1).0
0.3 6.6
6.2 63.7
6.0 6.8
6.8 (1.9
5.7 6.9
6.6 7.0
.5 7.8
5.3 8.7
6.2 8.8
5.1 8.7
5. 0 8.2

4.6 7.6
4. 76.54,6 1 7,64. 6 7. 6
4.65

ian one-half foot, b Reading changed 6ne-half foot or more.
c Interpolated-no reading.

1907.
(Gauge 45.60 miles from Eads Bridge. Zero of gauge, 364.84 feet above Memphis datum plane. Gauge

read at 8 a. in,]

Day.

1
2
3
4

5
6

7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

20
27
28
29

30
81

Jan.

a 4,3
a 4.9
b 8
b 6. 4
7.1
8.2
8.6
8.8
8.8
8.5
8.5
8.4
8. 4
8.5
9.3
10.0
11. 1
12.1
16.01
18.6
21.6
22. 4
22.7
22.6

a 21.8
20.8
19.0
17.5
16.6
16.4
14.9

F'oh.

14.4
13.8
13. 4

C

C

C

CC

7.fi
8. 1
9. 0
9. 9
9.fi
9.6
10.1
10.3
10.0
9.8

10. 2
11. 3
12. 4
13.1
13. 3
13.2

........

........

. .. .....

Mar.

13.2
13.0
12.8
12.3
12.1
12.0
11.9
11.8
11.3
11.0
10.9
11.4
13.3
16.6
16.7
16.6
15.6
15.1
14.8
14.7
16.0
14.8-
14.0
13.4
13.1
12.9
12.8
12.7
12.6
13.3
13.8

Apr.

14.5
b 15. 1
b 15. 3
15,2

15.0
15. 1

14.9
14.8
14.7
14.9
15.0
15,1

15.9

16.5
16.4
16.3
16.2

16.4
16.9

17.4

17.7
17.717.7
17.5

17.9
17.4
17.0
16.6

15.8
15.4

........

ay.

16.0
16.6
16.8
16.7
16.2
15.8
15.6

16.2
17.1
17.7
17.6
16.9
15.8
14.9
14.7
15.6
18.0
18.7
18.6
17.2

-16. 4
15.4
14.4
13.6
13.0

b 12.5
b 12. 1
b 12. 5
12.9
12.8
13.0

June.

13.2
13.6
14.1
16.6
17.8
18.7
18.7
18.3
17.5
17.6
17.8
18.3
19.3
20.1
19.9
20. 4
20. 1
19.2
18.6
17.8
17.7
17.4
17. 3
17.6
18.8
19.9
20. 4
21. 1
20.8
20.5

........

July.

20.1
19.5
19.2
18.5
17.0
17.0
16.7
17.0
17.0
17.1
11.2
17. 1

17.1
17.6
18.4
18.6
18.8
20.3
21.0
21.4
21.7
22.1
22.7
23.2
23.6
23.7
23. 4
22.0
22.8
22. 4
22. 4

Aug.

22.0
21.0
19.6
18.8
18.1
17.4
17.0
16.8
16.7
16.5
16.1
15.7
15. 1
14.8
14.4
14.3
14.1
13.7
14.3

a 16.0
16.3
16.2
15.6
15.0
14.8
15. 1
14.6
13.1
12. 4

12.1
11.8

Sept.

11.6
11.4
11.2

11.2
11.2
11.1
11. 1
10.9
10. 5
10.0
9. 5

8.7
8s3
8. 1
7. 9
7.8
7. 6
7. 2
6.9
6.6
6.5
6.5
6. 7
6,9
7. 1
7.3
7. 4
7, 5

7.6
... ...

Oct.

7.5
7. 4
7.6
8.3
8.7
9.1
9.4
9.4
9.6
10.1
10.4
o10.6
10.5
10.2
9.6
9.1

b8.8
8.2
7.9
7.7
7.2
7.0
6.8
6.5
6.2
6.1
6.0
5.9
56.7

15.
I .4

Nov.

6.3
6.2
5. 1
6.0
0

5.0

6.0
4.9
4.9
4.9
4.8
4. 7
4. 4
4.4

4.4
4

4.43
4.34

4.3
4.3
4.314.3

4.3
4.314.3,
4.
3

I4.4
I .....i

Deo.

4, 4

'4,4
4.4
4.3
4.1
4.0
3.9
3.8
3.6
3.5
3. 4
3.4
3.3
3.2
3.2
3.2
3.4
3.65
3. 6
3.6
3.65
3. 4
3.2
3.3
3.2
3;2
3.2
3.2
3.0
2.8

i 0

a Reading changed one half foot or more. b Reading changed less than one-half foot.
s No reading, amcount of loe.

Day.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
10
17
18
19
2'0
21
22
23
24
25
26
27
28
29
30
31

Dec.

7. 5
7.7
7.9
8.2
8.3
8.5
9.0
9.2
9.0
8.5
8, 1
8.0
7.8
7.7
7. 3
7,2
7.0

a 6.6
" 6. 1
4 5.5
b 5.2
65.2
b 4. 9
b 4, 4
b 4. 0
b3.6i
b 3.2
b 2.9
b 2.9
b 3, 3
b 3.9



174 WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cout'd.
J3RICKEYS MILL, Mo.-Continued.

1908.

(Gaul;. 45.60 miles from Eads Bridge. Zero of gauge 364.84 feet above Memphis datuim plane.

read at 8 a. mn.]
(Gauge discontinued from February to June 4 and from June 27 to end of year.]

2

3

4

6

7

8

9

10

12

13

14

10

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Jan.

3.00

3.20

3. 30

3.30

3.30

3.20

3.10

2.90

2.900
2.80

2. 80

3.10

3, 80

4. 60

4.00

3.80

3.40

3.10

3.00

2. 40
2,6b0
2.40

2.40

2.70

2.00O
i3.10
3. 40

3.20

3.10

3.00

2.90

Feb. M ar,

. . . . I ...

. . . . . . . .

. . . . . . . .

. . . . . . . .

. . . . . . . .

. . . . . . . .

Apr. May June.

25. 9

25. 9

26.0

26.0I
26, 3

26.8

27.0

27.3

28.3

20. 1

29.6

30.0

30.2

I0.0

Mo. 0

20. 7

29. 6

29.2

28. 9

July. Aug. Sept.

........ ..

........ .. .....

........ ........ ..

........ ....

.......................

........................

........................

....... .......

... ........ . ..

..... ........... ..........

... ......

.

.. ...
....... . ....

........ ........

........ ........ ........

........ ........ ........

........ ........ ........

........ ........ ........

........ ........ ........

........ ........ ........

Oct. Nov.

Gauge

Dec.

LITTLE ROCK, MO.
1894.

[Gauge 58.46 miles from Eads Bridge. Zero of gauge 220.84 feet above Memphis datum pluas. (huge
read at 8 a. mn.)

Day. Jan. Feb. Mar, Apr. May. June. July. Aug. Sept. Oot. Nov. Dec.

1 ..........143.25 148.00 148.30 162.15 162.00 146.55 141.85, 142.25 140.'80 140.85
2 .... 143. 25 147, 60 148.76 152.30 151.65 145,65 141.75 142.00 140.80 140.99
3 .... 143.26 147.08 149.65 152.00 151.45 145,060 ~141:70 141'.75 140.90 140.95
...........143.35 146.95 160,00 161.90o 161.05 145i.35 141,70 141.60 141,00 141.00
6.........113.85 146,6W5 160.10 151.76 160.75 145.25 141.85 :141.60 141.06 141.,30
6 . ......... 1.14.0.0 146.40 160.45 161.70 160.80 146,05 141,90 141,10 141, 10 141.70

.......... A 147.70 146.25 151.40 151.76 151.00 144. 80 142,10 141.30 141,15 141.04)
.... .... 151.20 146,20 152,65 152,00 160.95 144.60 142.10 141.25 141,~.25 141,40
(I ,,. 1~~~~I53.00 147.30 153.85 152.20 -150.30 144.20 142.46 141. 16 141.35 141. 10

10......... 1.53.90 148.30 154,65 162. 15 149,60 144. 05 142.55 141.05 141.45 140.85
1i. ,,... 1..154.05 148,10 165,05 162,00 149,20 143,85 142.60 141. 10 141.40 140,6.5
12... ...... 1,53. 46 147. 956 156.60 151.90 149.00 143.70 142.60 141 . :15 141,35 140.60o
113............ 152.45 148. 20 165.70 151.85 148'.75 143. 60 142. 50 141'. 15 141'.25 140.40
14 151.35 148.70 154.70 151.90 148.40 143. 45 142,40 141.20 141.15 140.30
15 .....::....... 150.40 a148.560 154.10 151.90 147.'85 143. 30 142.35 141.25 141. 15 140.35
I6 .......... 149.70 148. 30 153.60 161.80 147..40 143. 10 142.45 141. 16 141. 10 140.45
1.7........... 14)). 20 148.50 153.20 161.85 147. 10 142. 90 142.75 141. 10 141.05 140. 60
18.......... 1.18.00l 160.0 15l2.80 151.76, 146,85 142.80 143..40 141.00 141.'06 140.60
"? ..... ....148. 22 '162.30 152.00 151.00 146.70 142.75 143.05 140.95 141.05 140.45
21).) ........ 147.85 153. 15 161.20 151.565 146.60 142. (115 143.45 140. 90 141. 10 140.46
.)I. . 147. 60 152.50 160. 60 151.60 146.60 142, 60 143. 15 140.85 141.05 140.46
22

......... 147.63 161.45 160.00 161.65 146, 60 142.50 143.00 140.90 141.'00 140.594
2:). .~~~~.. .147.70 160.60 149.90 151 70' 146,45 142. 45 142.90 140.80 141.00 140.650
21. .~~~~...147.80 1,19.80 149.70 161.80 140.40 142.35 143.00 140.80 141.20 :140.560
5.. .......147.35 149.40 1419. 60 161.80 148.30 142.30 1413.06 140.90 141.05; 140.66

261......... 147.8&2 149.16 149.50 161.70 140.00 1412,20 142.95 141.10 141.00 140. 60
27 ..........147. 68 148. 90 1.49. 40 161. 167 145.85 142. 10 143.20 141.05 141.05 NVIind.

.. .......147. 60 148.70 193015.95 145.15 142.05 143.00 140.95 141.00 140.5
29 . ....148. 50 1418.45 140.25 162.65 145.75 141. 05, 1412.80 140. 80 141.00 140.00
30. . ....148.80 148.25 149.25 152. 65 140.00 141.90 142.55 140.76 140.95 139.80
31 ......... 148.18......160.59......146.80 141.900......140.76 ......139.80

a Reading ohwang one-hail foot or tprier

........

........

........

........

........

.... I...

........

........

........

........

........

........

........

........

........

........

........

........

................

................

....... ........

....... ........

................

................

................

................

.... ........

........ ..

................

................

................

................

................

................

................

................

...... ........

ill-1-1.
I:: ......



WATERWAY, ST. LOUTS TO THE GULF AND CHICAGO. 175
Tabulated gauge readings at selected stations between Chain of Rock, and Cairo-Cont'd.

LITTLE ROCK, MO.-Contlnued.
1895.

[(auge 56.45 miles from Eads Bridge. Zero of gauge 220.84 feet above Memphis datum plane. Gaugereact at 8 a. in.]

Day.,

15

2
3
4.
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jan.

139.65
138. 90
138.50
13&860
138.60
13& 30
138 45
138. 40
138 50
13B 30
13& 20
138 15
138 00

137'. 70
137.90
13& 40
139. 60
139, 65
139. 40
139. 40
139. 10
139. 10
139. 10
13& 76
13& 20
137, 85
137.75
138 25

Feb.

138.45
138. 0
138. 0
13p. 95
140.55
141.60
141. 80
Frozen.
Frozen.
Frozen.
Frozen.
Frozen.
Frozen.
142, 25
142, 25
142. 20
142. 10

.142. 00
141.90
141, 80
141.70
141, 60
141.90
142. 00
141, 70
140.55
142, 05
141. 80

Mar.

142.00
143.60
143. 90
144.20
144. 35
144.10
144. 30
144. 70
144, 70
144.55
144.25
144. 00
1413 85
143. 70
143. 45
143. 45
143. 45
143. 40
143.40
143.30
143.15
142,90
142, 80
142,90
142.90
142. 95
143. 70
143. 80
143. 75
144. 65
144.80

Apr. 1 May.

144.80
144. 85
145. 55
145, 45
144.80
144. 25
143. 90
143. 70)
143. 50
143. 35
1'44.0
145, 70
145,80
146. 75
145, 60
145. 10
144. 75
144. O
144.25
144.10
143. 90
143.90
144. 00
144.00
143.80
143, 65
143. 40
143.26
143. 25
143.25

143. 15
143. 00
142. 90
142.90
143. 10
143. 30
143. 80
144, 20
144, 16
144. 15
143. '15
143, 36
143. 40
143, 60
143,75
143,80
143, 80
144. 10
144.35
145, 10
145 70
145.90
14& 10
14.565
1456 10
144.80
144. 60
144. 50
144.60
141. 60
144 0

3une. I July.

144.76
144.80
144. 55
144. 30
144. 10
144. 10
144, 200
144. 16
144. 10
144.10
C144.700
145. :40
145. 70
147.30
147, 85
148.00
7148. 100
14825
148.30
148 650
148. 30
148. 15
148. 30
148. 65
14& 75
148.50
148. 15
148.0
148. 20
148. 40

148. 60
148. 70
148.85
149. 00
149. 30
148. 95
148, 90
152. 20
162. 20
:152.00
151 35
160. 40
149. 10
148. 15
148 00
148. 20
148. 05
147. 95
147.80
147. 96
148. 40
14&860
14& 85
149. 10
149.60
149.650
148.90
148. 80
148. 15
148. 20
148. 35

Aug.

148. 00149. 30
118.85
148. 45
148.00
147.30
146, 76
140. 55
146. 40
14. 15
14& 15
14(,00
145, 60
145, 20
144. 70
144. 25
143,85
143, 40
143 25
143.20
143, 65
144. 00
144. 30,
144. 20
144. 05
144. 40
144.90
145. 15
145. 35
145. 70
145. 65

Sept.

145. 55
145. 60
146 85
146. 40
146. 70
146. 90
147. 15
147. 45
147. 35
146. 75
146. 35
145. 95
145. 60
145. 10
144. 70
144. 35
144. 00
143, 70
143. 30
143.20
143, 00
142.80
142, 40
142. 00
141. 80
141 0
141,10
141.60
141. 30
141. 20

Oct.

141.30
141.25
141. 25
141. 30
141. 45

141. 60
141, 50
141. 40
141. 36
141.35
141, 40
141. 60
141. 55
141. 60
141, 0
141, 65141, 60
141. 45
141. 35
141. 25
141, 10
141, 00
140. 95
140, 90
1'10. 80
140, 75
140. 70
140. (66
1410. (60
140. 60

Nov.

140. 45
140.40
140.40
140.35
140 35
140.26
140. 25
140.30
140. 40
140. 65
140, 60
140. Go
140, 60140,'50140.650

140.40
140.45
140, 40
Win(ly.
140, 25
140.25
140.20
140. 20
140.26
140..'30
140. 10
140. 60

1-10. I(
110*--0''

Dec.

140.00

139.,70
139. 60
139. 30
138. 80
138. 0
138, 30
138 30
138.40
138.45
138.50
138.60
138.76
138.80
13&885
138.95
139.50
142, ;0
154. 80
157. 50
157. 90
168. 20
18. 00
156. (C0
165. 10
1 -5 1. 00
153. 50
1652. 90
152. 20

a About 1 foot below gauge.

1890.

[Gauge, 56.45 miles from Eads Bridge. Zero of(gauge, 220.84 feet above Memphis datum plane, Gaugerea( at 8 a. in.]

Day.

1
2
3
4
6
6
7
8
9
10
21
12
13
14
16
16
17
18
19
20
21
22
23
24
25
20
27
28
29
30
31

Jan,

161.30
160.30
149.60
148. G0
147.40
146. 40
145.80
146 20
144.60
144.10
143.60
143.10
142.90
142! 70
142.600
142.60
142, 60
142. 40
142. 40
142. 35
142.26
142. 10
142.10
142.40
142. 60
142.75
142.60
142. 10
142, 00
141.90
141. 80

Feb.

141.80
142. 10
142.76
143. 60
143. 90
144.10
144.20
144.40
144.30
144. 10
143.85
143. 00
144.00
145. 20
146. 85
147.20
14&60
146.10,
145, 90
146,30
144.00
143.90
143.25
142 90
142.70
142.765
143. 10
143. 60
144. 60

Mar.

144.90
145. 40
145.80
146,65
145.20
1400
144.80
1144. 60
144,30
144.10
144.00
143.80
143.60
143.40
143.20
143. 10
142.95
142.76
142.60t
142. 40
142.30
142.40
142.90
143.06
143.60
-144.30
144.80
1l44.G00
144.40
144. 60
145,00

Apr.

144.86
144.40
144.16
143. 85
143. 60
143. 40
143.20
143.00
142.96
143, 10
144.00
147.60
148.70
148.80
148. 60
148.20
148.00
147 70
147. 40
146.85
140. 56
146.40
146 20
146.00

'145.90
146. 90
140. 10
14G. 65
147.20
148.00

May.

149 00
149 40
149. 50
149.60,
.140,650
149. 60
t149. 60
149. 60
149. 70
149. 90
150. 15
160. 40
160.30
160.00
14o. 70
149. 65
149.60
149.45
160.40
154.20
167. 30
158.80
14. 66
160. 60
161. 30
161.80
161.80
162. 10
102.10
161.60
1600 70

June.

1W9. 80
168.95
168, 90
169.20

159.3
160.20
t16.8.801
18. {40
158.35
168. 10
157.600
164. 90
165.so
154. 20
163.00
162.25
152. 70
153. 60
163.60
163. 60;
153.401
163.20
162. 601
162.30
152.00
151. 90
162. 20
162. 60
152. 65

July.

162. 25
162. 60
152.70
152.75
163, 10
1I63.20
152. 50162. 60
I 52. 70
162.30
161.60
160. 90
1 50. 60
149.80
149.60
149.20
149, 10
149.20
160.05

160, 80
i16o, sof164.20
150. 20
1560.40
165.70
164. 30
163.30
152.40
161. IX0
160.9to
160.40

Aug.

160.00
149.90
160.00
160.20
160. 46
160.60
1 60. 60
160. 65
160.40
149.900
141).40
148.90
148.70
148. 46
148. 00
147. 66
147, 40
140.90
140, 70
.140. 75
147.60
148. 00,
148.650
148. 70

1148. 35
148, 00
147. 80
14/. 40
140. 90
140. 40
140. 00

Sept.

145.70
146. 25
144.80't
144.650
144.25
144.00
143.76
143.55
143. 35
143. 16
143.00
142.80
142. 70
142.70
142, 80
143.00
143.20b143230
143.600
143.80
144.60
15.650

140.30
140.600140.40
140, 00
145. 85
146. 60
145.30
144. 90

Oct.

144. 00
144, 20
143, 90

a143. 70
143. 45
143.30
143,20
143. 10
143. 00
142, 90
142,385
142.86
142. 90
142.095
142,95
1143. 15
143 30
143.2
142.00
142. 75
142. 40
142. 30
142. 15
142.20
142. 15
142. 00
141.90
141.80
141. 70
141.70
141. 65

Nov.

141.00
141 65
141. 90
1412.20
143.30'
144. 20'
145.20

1i46.30
144.900
1.14. 46
141.20
144. 00
143. S0
143.0
143, 60
143.60
14:1. 60
143.60
143. 00
143.00o'
143 G0

b143.45
143.30
143.20
143. 10
143. 20
143. 20
143. 00
142.85

Deo.

142, 70
142, 70
1412.600
142. 76
142. 90
142. 65

'142, 20
I41. 80

1-11. 40
141.26
141. 15
141, 10
141, 40
141. 60

' 141, 90
142.30
142. 70
143.60
.144. 00
144. 10
144. 15

b144. 10
bli l. 00
143.90

bl43, 76
b14.3. 60
14:3. 40
1-43.30
143. 15
143. 10

a Reading ohanged one-bail foot or more.

_ _ wr_ . _ .
b Changed 19&3 than on#-bAlf foot.



1 70) WATERWAY, SIT. LOUIS TO THIE GJULF AND CHICOAGO.

71(Tbiteiled gaugie readings at selected stations between Chain of Rock. and Cairo - -Comlt'd(.
LITTI.L ROCK, MO.--Conttlnued.

1897.
n0auge, 66.45 miles from Ends Bridge. Zero of gaugo, 220.84 feet above Memphis (datunn plane. Gaugerca(I at 8 a. inm.

Apr. Maay.

I68. S90 162 60
160. 70 103. 10
162. 30 1(:13 26
162.90 16:. 26
1(2. 76 12.86
162.65 102.30
102.46 101. 40
102.45 160. 40
1(12,S290 169.40
103.30 168. 60
103.85 167.80
1(:3,80 0167. 10
1(63. 30 1i(). 10
1112.80 166. 70
1(i2. 00 166. 10
101,30 161.60
160l.80 161.10
10. 60 a163. 5f
1110. (1 16:. 00
Ii(. 60 162.60
160.60 162.20
160.50 161.70
160.65 161365
160. 80 161.00
160.80 fi60. 90
160. 60 161. (o
160.10 161. 36
100, 30 161, 46
10.00 151.40
161.80 161. 40
.161.60

Juno.

1ri),:():
I r,(), 4of160.40o
161. 16
16 1.61i)fi5 1. 6n
152.110
162. (10

161.60iO
161.30
161.00
161. 70
160. 30
160. '20
160.20
151). 20
160.40150.4160. 0
f60.20

160. 80
:161.70
161. 80
162. 16
163. 10
162.10
16:3. 70
165. 30

July. Aug.

Ir6,fi. I )149.30
165,3i 0 I49, 00
i6);-). 1o49.8o
It5i. 70 1418. ()
165.9 1'I8.6
165.20 118,30
161.70 148.20
1,1.40 148.00
16f 40 147.90
164,.40 148.20
is63. (10 W48. 10
162.70 147.70
152,35 147. 60
161. 65r 117.30
160.90 147. 30
160.60 147.20
160. 10 1 17. 10
149.90 117.X)
149, 90 11(1.90
160.00 1411.80
149. 70 140(. 10
149. 36 14(1. 6)0
1/8. 90 140. 40
148. 65 1 11. 25
1.18, 70 1I0). 10
1,9.70 14i.)80
161, 90 146 .1)
162. 410 1 16: :30
162,00 11.5 (X
I 60,. 90 1 11.8(
160. 10 141. t(0

Sept.

144.30
11. 10
Ii:i. 85
143. 6fi
143. 4q
143.20
113.05
11,1. 0011.3.00
111.100
1142.96i
112.80
112. 06
1)12. 45
1 12.26
1f2., 16
1 12.00
I'll 86
1Ill.80
111.76
'141.05
141. (10

I.I.f70
I'llI. 86
14 1. 0)
111.80
141. 70
111.16,

Oct.

141.60CA
141. 1(1
141. -10

1 11. '15
1t1.3(
141,25
141.20
141. Ifi
141. 10
141. (0
140.00
140. WX)
140, sr)
1,10. 75
141. 70
141). (15
1.10, ()
1410.66
1(10.160
140.6
140,60
140. 16}
110.46
11(0.40
J40, 40

1.10.'60
1.10.50
140.60

Nov. 1)oo.

14(.551._ 0.80
1.10, 70 11(0. 70
1111,70 1,10.650
1,10.70 1l1 ).20

' ).1.(st 13). 85
f14(t. 15 130. 76
110, 70 i:31. 40
1.1), 85') 13!1.00
1 11.1( t
111.00 b
141.363
1.40 0

1 11. 40 C
111. 40 C
11.10

11. W,) C
1 11. 10 c
1 11. 16 (c

IIK). 9)1 C

1 1()1 C11(). .'16 c)110{. 130 c)111)80
I 1.). o c
14(1.90(9 )
1410.90 d137. 5o
110.90W 11H8. 20)
140. W.) 1itM.111)
..139. 20

' Changed less than one-half foot. b Below zero. a Gauge destroyed. d Temporary gauige.

1898.

[Gauge, 56.46 miles from Bads Bridge. Zero of gauge, 220.84 fcot nhovo Memphis datuin plano. Gauge
read at 8 a. in.]

Jan.

139. 40
1:11. 70
1309. 80
139.30
139.16
139. 40
139. 85
140. 25
140. 45
140. 80
141. 10
142. 40
143. 20
143.80
143 95
143.80-
143, 60
143. 20
142.90
143.20
143. 30
144.00
144.60
144. 65
144.40
144. 40
144. 46
144. 76
144. (A)
144. 10
141 10

Feb.

143.10
142.60
141, 90
141.20
140. 90
140,05
14Z50
140. 90
141.60
142.00
142 20
142.20
142.90
144.40
145 20
145. 50
146.60
145. 65
146,90
146.40
147. 40
14&20
147.80
147.00
140.30
146.90
145.60
145. 15

Mar.

144.90
144.80
144. 70
14560
144. 36
144.20
144. 05
143. 95
143. 86
14& 80
143 70
144.00
1465,0
14& 60
161. 90
152. 60
162. 70
162.80
162,40
162. 20
162. 60
164.00
167.10
169. 00
169. 10
168. 70
168.60
168. 20
167. 80
167. 90
168. 10

Apr.

167.90
160.90.
155.76
154. 60
A64. 00
163. 60
163 60
163. 0
1 3.20
la.20
163. 10
152.60
152.10
162.00
162.00
162.30
162.10
161.60
161.10
160.00
160.16
149.70
149.60
149.30
149.30
149.60
161. 20
162. 60
162. 00
161. 20

May. Juno.

160I.o0
150. 30
160. 80

162.70
164. 60
1655 60
165. 70
I r,5.36
:165.00
164. 35
163.76
163.00
162.20
161.80
161.60

1.30
162. 70
165.60
16 60
160.60
160. 46
16t8.30
169.80
100.20
169.60
16& 06

167.80
16(1. 90

00
165. 70
154. 95

164.00
1163. 60
163. 60
154, 20
164. (15
161, 00

64. 90
164. 26
15,3. 60

163.40
163. 05
164. 46
155.30
160.00
1 (1 . 35
160 60

167. 66
168.46

.30
167. 70
16(0.80
165. 70
164.80
164. 20
163.60
163. 45
163. 76
165.00
I160. (

161. 40

July.

160 40
16(1. .10
160, 26
155. 60
164. 70
164, 20
164.30
165. 30
160. 10
16. 25
15. 90
165 65
16. 30
016,30
162. 65
161. 80
160.90
160.20
1179.70
149.30
1.1 n0
148.90
148.60
148. 00
147410
147. 70
147.90
147, 80
147.46
1417. 45
14&8 10

Aug.

148. 20
1417. 7(0
148.30
149.00
148. 95
148.20
1*17.60
141. 00
1140. 76
14(1. 95
140. 80
146. 10
146.80
1 10.00
140.10
146. 10
146. 10
146.90
145, 80
146.80
140.05
147.30
147.00
I1l0. 26
145.65
146.20
144.90
141;60
1.14. 30
144. 15
144.00

Sept.

143.70
143. 30
143.00
142.8
142 .60
142. 40
142.30
142.356
142.80
143.05
144.60
146.40
146.60
146.30
1144.80t
1144.40
144.80
140.U20
147.00
147,00
146. 40
145.80
146. 10
144.90
.45. 50
145. 55
146lf. 40145. 20
144. 70
144. 10

Oct.

143.80
143. 30
113.00
142, 70
142. 40
142. 10
1-i1.80
141. 60
141.60
141.30
141.20
141.30
141. 80
142, 10141.70
141.20
141.00
140.70
140,85
141.60
143.00
144.80
140.00
140.40
140.20
145. 70)
146.10
144.60
146.20
140. 10
140. 60

Nov.
--__

140.00
116,30
14.1160
144.00
1 13. 60
143.30
143, 201*1T 45
1413. 80
143. 90
144. 10
144.40
144. 30
144.00
143, 70
143. 35
1413. 10
142. 90
142. 80
142.70
142.60
1121.60
142.70
1142.8.5
143. 76
144. 40
146. 40
146.20
144. 40
143.60

IDoo.

142, 70
142, 20
141.76
141, 30
141,00
140. r0
140 35
140. 16
139. 10
139. 20
139.00
13& 80
139.10
139. 00
138 90
139.00
139.40
139.70
139.80
140.00
140.10
140.30
141.80
143. O
145.00
145. 70
1411.00
145. W
145.65
145.30
144.i

* Changed leos than onehalf foot,

Jan.

143.10
143. 16
143.30
1.60 10
167. 46
168.80
169. 10
169.30
167. 30
164.70
1f62.30
160.40
148.80
147. 80
147.16
144,80
144.60
146,60
147. 30
148.80
149.70
160. 00
150.30

4160.20
149.90
149.10
147.85
146.0
145.W

Day.

1
2

4
6
0
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21l
22
23
24
26
26
27
28
29
30
31

Feb.

142.70
142.30
142.00
142.60
143.00
143.90
144 20
144.60
145.00
145.40
140.70
147.20
147.40
147.60
148,50
148.70
149.16
149,00
148.70
148.40
148.60
149.00
160. 10
161.10
161. 30
161.00
160.70
160.00

Mar.

149.20
148. 70
148.60
149.00
11b. s0
165.40
157.60
168.20
167.90
167.G0
160.40
16,. 90
165.30
164.70
164. 10
153, 40
153.10
163.35
164. 00
163. 80
164. 30
161,90
165.10
165.40
165.60
160.05
167.30
168.05
168.10
167,90
167.70

Day.

1
2
3
4

6
7
8
9

10
21
12
13
14
15
16
17
18
19
20
21
22
23
24

246
27
28
29
30
31

I

I



WATERWAY, ST. LOUTS TO THE GULF AND CITICAGO. 117

Tabulated gauge readings (it selected stflttion between Chain of Rocks anld1 Cairo--Cont'd.
LIT'rLE ROCK, MO.-continued.

1899.

[Gauge, 66.46 miles from Hads Bridge. Zero opatge, 220.84 feet ib)oyo Mempli (Inturm plane. (laugo
real at 8 aa. in.)

7n,

144.00
1 43.00142. 20
141.80
141.70
141. 45
141. 10
141.50
141. 70
141. 1o
141. 10
141.30
141. 30
142. 10
141. o
141.80
142. (10
142, 10
142.00
141.85
141. 80
141, 80
141. 76
1411.70
141. 80
141.80
141. 76
141. CP0
141. 30
140.60
139. 30

Feb.

137. 0'
136. O0
134;. 9
139. 60
142. 0
144.00
145.00
146.20
144.60
145,.00
145.00
144.00
144.70
1441. 90
145, 10
l45.30
146.5W
145.555
146. 10
146. 60
144. 00
143. 40
141, 80
140. 70
141.00
143.15
144. 30
148.20

Mar.

150o. 40
lfO. 60
a140. 80
149. 10
148.5o
148. 20
148.20
148.00
147. 30
147, 10
147.30
147. 60
147,60
147,80
148.40
160.00
1516 30
615100
162.30
163. 30
154.20
1511. 0O
I f15. 25
153, 70
I53.00
152.30
151. 60
1X. 80
I6. o
149. 35
148.90

Apr. May.

148. go
140. 10
148 .00
148.20
148, 20
148.80
149. 60
149.60O
149. 30
149. 40
149.60
149. 80
161, 30
161, 80
11. 20
1560, f0
1560.5
150.45
150.45
1560. 00
151, 60
162, 20
163.00
150.80
158. 10
168.96
159. 30
169.05
168.70
158. 00

168.70
168. 60
15. 80
150.35
165.30
54. 70

154. 25
154. ()0
164. 10
154.00
155. 20
16.5.70
1 55. 90
155. 00
165.5 50
1548.85
164. 40
163.7b
153.30
163,60
154. 20
165. 70
150. S0
167. 80
168.50
158. 650
1.58. 2.5
157. 70
157.20
154. 95

Jhn(e.

15a.80

167.50h
157. 70
157. 75

157. 25
16P0. 85

160. 85

157. 60
159. 10
I."A.35
157. 60
IM 80

15060:CI IV)., GO
160, 60
1541 40
1 66. 10
155. 70
165, 20
16f4. 75
16l. 45
If,. 40
154. f
161.90
155. 10

* Heading changed one-half foot or more.

I 900.

Jily.

15,. 10
155. 10
155. 30
155.70
If i. 25
160. 60
160.,70
15. 90
160). 9'5
1I5(.80
167. 10
157.30
157. 20
165.70
1.15 10
155,rn60
155.20
154. 00
1541.75
154. 70
154.40
13.990
I153. 35

b152, 90
152. 50)
152.05
.151.0IO
1.51 00
1A.0fio

"1.50.30
150, 10

A Ug. Sept

14, 95
1 161. (O
I50. 0t.5
149.80
149. f0
1 4!i9.'M
1119. 40(1
119.00
148. 75)
149:60
150. 90
15l. 40

150.70
150.60
150.05
119. 40
118. 80I
148.30
118s. 00
147. 60
117.30
111.85

I III. no10
145.70
1.15. 3l
145-. 15
145.00
1180

144.8
144,,8
1 l14. 8
144.86

144.6
144. 1144.0144. 1

143.0
I1431144 1
144.2

144, 1
144 C
143.0C
143. fi43, f143.
143.0
144. 1
144.12
143.E
143, 1
143.
113.
143.143,1.14x.1:
142. r

142.I

Oct. Nov. rI[c.

10 142.60 141.80 142.70
40 142.) I141.70 142.6.5
0 1142.40 141.75 142.55
0 142. 30 1412.00 1 2. .0
lfi 1.12. 20 142, I5 1.12,40
30 142. 10- 142.30 142. 40
0 142. 0 142.60 142.30
O 141, 80 1,12. 80 1 12. 20
O) 141. 70 :143.10 142. 10
O) 14 1.70 1432.010 142.10
O 141.50. 143.125 142,10
0 141.60 113, 40 142.05
0 141. 45 13.445 142.10
0 141,.10 143.f60 142.10
0 141 .25 143. 65 142.20
0 141. 1S 143. 70 142, 20
15 141.25 143,110 !141.90
R0 141. 26 143.50 1 .I 1.
0O 141. 4.5 143.55 I 1..-)
.0 141.365 143 65 111. 91)
I0 1130 '143.150 )1,12.10
0 141.201 I 4:3. 5( 142.10I
t0 141. 10 r i13.i 65 141.65
10 .11.,00 14:3.80s II 15I?6 141.0( 14.3. 80 1410.91)010 140.05 143. 81) 110). 20
10 140.95 143.50 130. 81)
)o 141. 20 14:31. S 1:39.30
10 141. 50 14:3,00 138. 90
70 141. 95 112,85 138. 2.5

142. 10. 137.80

b Changed less than one-half foot.

(Gaup, 66.45 milei from Eads Bridge. Zero of gauge, 220.84 feet above Memphis datum plane. Gauge
read at 8 ia. m.)

Jan.

130.70
130.20
13f1.SO
137.20
131.90
14(0.50
139.94)
139.50
139.90
140.30
140.60
140.80
140. 60
14I~0.50
140. 60140. 50

140.35
140.50
140. 90
142. 40
144.30
144.35
143. 70
143. 10

142.90
142.90
142.90
142.80
142. 30
141. 40
140.50

Fel).

139.70.
138.900
138.-40
138.10
138. 10
13. 20
1 31. 70
139. 70
141.90
1433.80
144.80
144. 40

144.00
143.90
143.40
143.20
142. 90

142.90
142. 40

142.40

142. 60

"al13. 90
144.804
145. 9)
145.04)
145. 40
144. 34)
144. 50

Mar.

143.80(
143. 80
143. 76

11,4i3. 501
143.80
145. 40

149.30
162.70
163. 10
163.40
154. 10
1 4. 90
165.70

167. 00
167.05
167.05If5f. 651
156.00
155. 10
151. 10
153.40
1,53. 00
152. 60
152.20
151. 75
151. 45

15a1. 10

150.0so
11(9.80

Apr.

149, 40
149.80
10.5(00
150. 00
150.00
I . 30
150.76
1151.83.5

I161.t350151. 05

151.45
161.25
151.85
15b2. 40
153.30
153.00
152.35
151. 60

161. (O
160.65
516 00

161.30
161. 45
151.80
152.00
152. 40
152.55
152. 40

1.52. 00
131. 70

May.

151.20

150. 70160.70
150.90
150. 70
111,O5

151. 40
151.20
I16l,001
151.00
151, 70
151. 30
150.360
149.00
149.056
149. 60

149.70
149. 60

149.60
149.
149. 30
148.90g
I1'8. 60

1.18. 40

I118.80
149..30

June

148.80
1(8.80

1 8.

118. 41)
1(8. 1I)
147. 8(1

147.50
147 :40
147. 30
146. 94)
14 1. 885
147.30
11 9. 60
149. 70
148. 4)

148. 1t1
147. 1;1)
147. (0

147. 3i
148. 00
149. 41)
154). 20
151). 44)
1541.301 15(). 30to1.54). 1(1

19. 71)
1.8. 80
148. 30

a HeadIng 6hUma ged one-half foot or more.

HT. Doc. 50, 61-1--12*

July.

1i7. 80

147. 5)
117. SI)

147. 50
147. 5)1
147. 50
147. 30
147, 20
1411. 00
140. 8) 1
1411. 7(1
I'll), 55

1401. 70
14(1. 60
1401. 35
14.ao00
J1(."01
141. :1)I
140. 05
11,.80 1
145., 75
14M. 5

14(1). 8 ) 1
143. 0(
1.18. 80
149. 05
149. 10

(15

147. (5

Aug.

1 -7 15-
117. IA
I -1. 70
1(i. 71)

1(1.41)4
1.16. 10

145. 70
115.30
144. 00
144.50

144.20
143. 10
143.1(
143. 3(1
143. 00
142.84)
142.15
142. 50

142. 45

ll'9.#)14:13.0go
l1l. 90

145. 45
1f15. 64)

145 .0

145. 3(1

145. (1)

1 .15.
115. 2(

145. 40

Sept.

1(-15. 91)
14(1. 1)
I it. 21)
111;. 20

1,10.25

14.5.75
146) 21)

144. 90

144. 2.5

,l1o90
14:3. 71)
143. 65
11:1. 40
14:1. 30
14:1. 10

142. 9(1

143. 00
14:1. 10

1431. 1l0
113.84)
141. 05

144. 15
144. 15
144. 25

14. 411)
1-14. (O
115;. ;)

Oet. . Nov. Deoe.

140.00' 148-:15 1411.50
141). -15 148. (I) 1 15. 940
147. 1;17.560 145.549)
118. 10) 117. 15 145.05
148. 5) 147.51) 144. 71)
148. 41) 1.4?. fir) 144. 41)
:118.00 1-18. 21) 114 .1)
147. 95 148. 80 143. 90
148. 21) 118. 95 143. 80
148. 15 148. 711 1.:1. (14
148. 11) 14.9. 41) 14:3. 5r

"11,17.30 148. 1.5 143. 35
b(4li. 80 118.10 143. 25
140. 40 147. 9(1 143. 00
141. 20 147. 7(0 142. 75
14(1.0 147. 51) 1142. 55
145. 95i 1117.:l5 | 112. 31)
145. 95 147.35 1,1.2 10
145. 95 147. 1i5 I. 85
14(1. 10 147. 60 141. (14
140. 3(1 147. 41! 1.11, 410
140. 60 117, 75 111. 24)
140.01) 1-17..80 1 1.0(N
147. 30 1.17. 85 140). 95
147. 60 1,17. 95 140.85
147. 81) 117. 10)141). 75
147. 94) 117. 85 1410. 75
148. 04 1 17. 65 1.(I,.8(1
1 17. H1)147. *I(1 110. 75
1418. (01 147. 1u 140. 55
148. 11) ...... 140. 36r l -

6 Changed less than one-half foot,

Day.

2
a
4
6
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
20
S1

Day.

1
2
3
4
5
6
7
8

19

20
11
12
13
14
is
16
17
i8
19
20
21
22
23
24
26
26
27
28
29

31



178 WAJ141EBWAY, ST. LOUIS TO THE GULF ANID OHICAGO.

Tabulated gauge readings at selected sta(ltions between Chain of Rocks and Coil o-Cont'd.
LI'T"TLE, ROCK, MO.-Contlimcd.

1901.

f(ltige, 66.15 miles from Eaids Bridge. Zero of gaugo, 220.84 feet abovo Memphis datum plane. Gauge
read at 8 a. ni.)

I)ay.

1
2
3
4
5
6
7
8
9
10
Il
12
13
11
15
lt;
17
18
19
20
21
22
23
24
25
26
27
28
2U
30
31

Janl.

140. 3)
139.95
1:39.80
139. 150
1311). 20
138. 05
13S. 70
138. 55
138. 70
139. 20
139.70
140. '16
141.60
141.90
112. 20
1.12. 30
112. 30)
112.20
112. 30'
1 12. 16
142.00
141. 76
141. 85
141.95
141, 05
141 80
141.05
111.60A
111.55

1.11.55

Feb.

1.11.36
1.1 10
111,00
1.11. 10
140 95
1'1110
.40. 65
139.90
139.40
139. 10
139.46
139.70
139.76
131. 80
1-39,85
139.90
1-1. 05
140, 20
'10. 60

140. 0
1'10. 30
1.11). 15
110. 05
140.30
140. 70
141.40
141.60

Mar.

141 45
141,25
140. 90
110.80
140l 05
141,60
141 89
1.12 1(1
142.85
11 3)

I16.1170
150. '10
151. (A)
152. 10
151.80
151.50
161. 30
151. 10
161.00
150. 80
150.75
160.05
151. 0
152.30
152. 71
515: 05)
1531. 05
152.85
1,52. 10
152,50
152.10

Apr.

162.55
1'2.80
152.85
1I52.90
153. 10
163.25
15:1, 65
153. 75
151. 05
1561.80
:155. 60

1 511. 10-.
1511. 10
165. 95
165. 85
16,) 60
10. 90
1511.50o
155).50165.1.00
'563.90
16:3. 20
152.70
1152. 15
lo1.70
151.30
150.1)
150.0

May.

150.30
150.00
149.80
149. 50
1419. 20
1'19.90
148.75
118.50
148.30
148. 10
117.90
147,70
147.50
147, 40
147. 20
140. 05
140.70
110.CO
146. 50
116.30
110.)00
115.80
115.60
145.55
145.35
145.25
145, 05
1411. 10
145. 80
1.15. 60
1.15.40

June

145.30
145.20
145. 30
141( 60
147, 20
147. 35
147. 60
147.75
148 05
147.95
147.75
147. 60
147. 60
147. 60
148. 00
148.65
148.70
148.X 0
148.00
147,80
147.65
147. 75
147. 85
148. 35
148. 90
149, 20
140, 40
149. 60
149.80
149. 60

July

149.,00
148. 00
148. 10
147.60
147.10
140.70
140. 40
14(1,25
140, 10
146.50
147. 15
140.95
146. 46
140, 10
145.95
145, 85
146.80
145.80
146.80
146.80
140.00
140. 35
140, 20
1-16. 70
1-15. 40
145.00
144. 81)
14 1. 00)
144. 41)
111. 21)
14.1. 15

Aug.

144,16
144, 30
144.40
144. 3
144.20
144, 10
143.75
143. 10
143. 15
142, 95
142.80
142,05
142, 65
142.60
112, 35
142. 30
142,1B
142.00
141. 95
141.85
141.70
141,05
141, 0
141. 60
141, 40
141.30
111.20
111.10
llO.P95
110.85
140.75

Sept.

140.55
140. 45
140.35
140. 20
140. 10
140.00
139.90
13g. 85
139.75
139.70
139 70
139, 80
13. 65
139 60
139. 60
139 , 60139. 40
'139.40
139 50
139.76
140. 30
141.30
141.70
141.50
141.20
140, 90'
1-l0,70
110.50
140.40
140.30

Oct.

140.20
140.10
139.95
139.85
139.80
139.85
139.90
139.3 5
140,05
140.10
140. 15
140. 20
140,25
140.30
140. 15
140. 10
140.16
140. 30
140.50
140.70
140, 85
140,90
110. 90
140.85
140. 76
140.05
140. 65
140. 65
140,.05
1.10. 05
140.70

Nov.

140,75
140,65
140.65
140.45
140.35
140. 15
140.00
140.00
140.900
140.00
140. 05
140, 15
140, 20
140, 20
140 10
140. 10
140.10
140. 10
140.00
14( 00
139.95
140.00
140. 00
140. 00
140, 00
139.95
139.85
139.80
139.70
139.70

Dec.

139. 70
139.05
139.60
139. 56
139.45
139, 40
4139.30
0139.30
139.40
139.40
139. 30
139.20
199, 30

*139. 90
19,60
139. 10
138, 50
138. 10
130,40
135, 40
130. 10
137.00
137. 10
137. 60
130.60
136. 90
131. 90
138.20
137. 60
137. G0
137.G0

* Changed less tlhoul olle-halt foot.

1902.

(Oantgo, 50 15 mllles from Euds Bridge. Zero of gauign, 220,81 feet above Memphis datumn plane, Gauge
read at 8 a. iii,]

Day) Jan. Fob.
-I I---

1 137.70 136,560
2 13i.80 1310. 0
3 1:11.110 13U -to
4 138. 00 130. 30
6 137. 50 138. 0
0 1:7.30 1.1(1).0
7 137.50 110.30
8 138. 00 1 10. 70
9 138.60 11(). 30

10 138. s8 II). 16
I 1 139. 00 139. 95
12 138. 95 14,0. 2)
13 138.05 140).10
14 138.40 140.10)
15 1371,0 139.00
10 137. 80 140. 00
17 138. 10 111). 35
18 138.40 1410.40
19 138.60 140.40
'20 138.50 140.20
21 138.60 140. 20
22 138. 60 140.30
23 138,05 1-10.35
24 138.00 140. 25
25 138,65 139. 1K)
26 113 45 140.3(0
27 138. 00 140.30
28 1:17. W0 1410. 20
29 131).10 ........
30 130.70 ........
31 130. 20.

Mar.

11 1.2 )

141.35
141, 70
142 70
142.10
1.12. 10
1,12.40
1.13.30
144. 30
1.14.70
I-Ill. 75
1451.701,15 , 70
1.10.70
147 45
148.30
148. 20
147. 80
147.20
1'10.45
145.7()
145.20
144.80)
1.14.46
1-14.10
14.1.10
1144.40

145.50
14(1,) 50

Apr. |ay. Julno,

115. 70 1.14.00 151.956
140i.40 143.81 151.05
1.1(. 70 114. 600 162. 10
140.70 140.20 11153.20
140.00 140. 35 153: 30
140.50 145.75 153.10
147.10 145.10 152.80
147,1'.) 1 44.25 152.30
147.20 113.80 151.70
1 10. 601 143.70 151.70
-.{.'l . 1~ . ". tt --t4IqtI). lU
145.80
145.40
145. 10
144.85

141- 45
141.20
I114. 15

1.13900
14:1,40

143.30

14t. 20
14:1 70
l113.40
i1 3. 3:5
1.1 4. 00.

I'111.00
14G. 60
140.05
140.13(1
140,76
1.1. 70
140,.0
140.50

16.11150
117.t00
1,17. 10

1-10.85
140.

65

147.50
1.18. 15
1 48.135
149.70
151.8 0

52. 50
162. 30

jo4, zu
1513.01))
153,.30
153.30
164.00
154.40
164. 10
163.85

-l163, 65
153.35
153. 10
1652.5O
152.30
162.3U
12.25
162. 10
152.30
152.U0

1I 00

........

a Changed loss than one-half foot.

Jlly_ Aug. S ept.

153.90
153.40
152. 90

152,00l162.90
153,40
153.35

162.70
I152.10
151.00
150. 20
149.60
149. 10
148t.5
148.05
147.60
147.00
140.45

4140. 20
145.70
145.40

144.90
144.45
144.20
143.95
143.95
145. G0
147. 10
l'18.00
148.05
149.70

155.70
150. 85
157. 30
167,.0
157, 35
1511.75
156.00
155.60
165.20
155,30
1 5.1. 95
1 54.60
154.95
151. 00
156. 90
157.li0
158. 10
168.50
168; $0
158.95
168.85
158.0)
168.70
1693 10
159.35
159. .1$
159. I1U
159.10
158.30
157.50
150.70

16t. 10
165.30
164.55
153.75
153.20
152.85
152.60

152.30
152.00
161.55
161. 10
160.75
160.G5
150.45.
149. 90
149, 35
149.20
149.45
149.60
150.30
151, 30
151. 70
151.95
1l1.95
151.95

152. 30
152. 70

153.46
1 5.1. 05
154. 10

Oct.

150.30
150.30
150.20
150,70
161.40
151.70
152.40
1653.20
164.10
164. 20
163.70
152.90
152. 20
151.40
,150.70
b15. 10
149.05
149.50

149.G0
l119.80
119D.95
150.34)
150.80
160 90
160.80
1.0, 65
150. 16
1419. 16
148. 16
117.40
140.80

Nov.

140.40
141.05
146, 70
146.35
14-5.16
145.10
l145.60
145.90
146.00
140.600
147. 10
147. 10
140.00

140..25
l145,90
145.75
145.560
145.,t0
14(1 10
147.00
147,80
148.30
148.20
148.90
147.90
147.80
147.90
148. 10
148.30
148.70

Dec,

149.00
148. 70
148.50
148,20
148, 10
148.30
148. 30
148.45
148,46
148.00
147. 40
140.70
140. 70
140. 90
147. 10
140.85
145.95
145. 60
145, 60
145 85
140.30
140.60
147. 60
148.00
148.30

bl4g, 10
149. 20
148, 60
148.00
147,20
146. 00

b Doubtful on wount of Ics,
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Tabulated gauge readings at selected stations betotuen Chain of Rock. and Cairo-Cont'd.

LITTLE ROCK, MQ.-Contlntied.

1903. -

[(Gage, 56.45 mrlfr. from Fads Bridge. Zero of gauge, 220.84 feet above Memphis datum plane. Gauge
read at 8 a. Il.I

Day.

2
3
4

6

6

7
8
9

10
11
12
13
14
15
16
17
18
19
2"l0
21
212
23
24
26
2(1
27
28
29
30
31

145.00

144.26

144. 10
144. 16

144-:75
144.144.80144. 8
144.76

144.60
144.10

142.60

141.60
141.30

141.20
141.40

142.40

14:3.00
14.3. :30
143, 10

143.00

142.85

142.15
142.76
14:1. 11)
1.15. 60

1401. 10

Feb.

145.80

146.10
146.30

146,

148.40
160.60
160,40
149. 36

148.70
147.90
147.05
146. GO
146.80
147.20
147.20
147. 10
146.60

146.70
146.00
144.60

144.10

144.00
144. 10

144. 26
144.45
144. 66

145.20
14(. SO

Mar.

149.76

160.46
160.60

160.95

162.20

162. 5O
162.90

164.20
166.80
168.40
168.80

16880
168.26
1b7.80
167.76

167.80

157. 16

166.90
167.00

166.70

167. 16

167.80

157.70
167.30

167,15
I SO
1I,.40
165.80

156.36

164. 70

164.30

Apr.

163.406
163. 25163. 40
16 3.'26
163. .10

164.30
165.00
165.45
165. 36
164. 90

164,65
165.00
166.00
166. 80
167. 16
167.30
167 920
67.35
167.35
17. 16
166. 60
1641. 70
1I4l.60
166. 10
165. 1;0
165,.00
16-. 50
164.00
1(M. 60

163.30

May.

152.80
162. 60

152.30
I ,2. 10

161.so
161. 65
161.40
161.20
161. 16
161.25
161.25
161, 10
160.90

16&.70
160.60
1 0-36
160.80
162.65
163.90
161.60
164. 60

16-1. 30
161.00
163. 80

163.85
164.60
1N).30
167. 26
167.40
157.60
167. 00

Julno.

169. 10
161. 00
162. 30

16;3.650
164.60D
165.70
166. 70
167. 70
168.05

I9. 1.5
1611.30

1t69. 3i0
169.00

168. 30
167.20
166, 20
164.00
13. 40
162.00
160.90

I60.20
169.150
158.90
168.6G
168.25
167.80
156(.90

16S. 4(,&.....

July.

165.

164.80

161.20

163.65
163.05

162. 55
16'2.30
152il .30

1'2" 30

162.30

162,30
1l.70
161.36
161.30
161.70
162, '10

163.30

153.90
16-1. 00

163. 60

163.30
163.30

16.3.36
163.60
164.00
16-1.60
16-1.:30
163. 1)

163.30
152. 60

Aug.

162. 20
161 60

161.00
161. 1(
150. 76
I O. 20
1(10.30
1fil.20
161.70
161.76
161.90
16V2.00
151. 70
162.00
161. 90
162.40
162.20
161. 96

162. "0
152.35
1622.45
16b2. 60
162,20
151.70
151. 10
1AM. so

10.60

10. 40
1 5o0. )5
160. 90O
151.60

Sopt.

162.00
153. 00
1-f. 10

164. 20
164.15
15F3. 65
16's3. 00
162. 60
162,30
162. 10
161.70
162.20
Ia3.70
164. 70
1a4. 90
15 5. 00
1655. 70
1665. 30

155. 00
164. 85
154.20
163. 40
162. 60
162.10
161.70
16-,1. 60
1651. 60
161. 76
151.86

Oct.

162.00
162.00
162. 10
162. 16

162.30
162, 60

162. 90
163.20
164. 10
165, 10
166.00

166. 20
165.90
165,. 60
165.35
164.90
164.60
163.90

13N, 40
1 62.90
152. 60
152.10
151.8s
161.60
161.40

151.301 ,1. 20

160.75

Nov.

160.70
IbO. 65
160.40
160.20
160. 00

149.00
160.00(
104,1 bo. 66

160.36
160, 00

149.80
149.60
149 00
148.60
148.30
148.10
147.70
147 40
147.00
146.60
140.40
146. 10
145.76
145. 45
145.10
144.180
144.40
144.00

143.65

Dec.

143. -0

1-1.3. 21)

142.99

142. 0(A
1.12. :S
1.1'2.0)
141. 91)

1-11.

141. 70

141, 45
141. 30

141.05
140.76
140.20
139!. .10

a1339. 5(
"1t-10.10
a1141. 10
111.90
al10. 150
'I140,06

140. 15
140.

141,05
141.30
111. Il'
111.0.5
141I. 10
111. -11

141.10)

* Doubtful on account of ice.
1904.

(Gauge, 58.45 miles from Eads Bridge. 'Zero of augo, 220,84 feet above fenmplis datlum plans. Gaugo
rea nt 8 a. in.J

Day. Jan. Feb. Mfar. Apr. May. Julle. Ju1ly. Aug. Sept. Oot. Nov. Dee.

1 142.05 145.00 144.40 159. 70 160 .80 151. 75 158.10 149.80 145.70 148.40 140,80 '142.65
2 142. 40 144.20 1441. 10 159.35 1(1. 50 .58. 10 167.80 149. 50 145.30 148. 30 146. 70 142-. 1
3 142, 10 143. 40 143. 90 169. 10 11;. 10 158. 70 1l7. 1() 149. 10 11I5. 00 147.90 11IU.60 1-12.';
4 141.80 143.25 144.10 168.65 19.5. -10 158. 60 h66. 70 118. .)80 114. 80 147.70 146,. 5o 1412. 2
5 1-11.20 1-13s. 15 144,20 168.00 1164. 70 1658. 10 156. 650 148. 70 145.20 147. 10 14(1,30 1-12.(;
5 1-40. 90 143.30 144.60 157.6O 163.0 0.00 166,30 118. 60 145. 40 146. 60 I Iff. 20 1.11, .95
7 140. 90 14:3. 70 146.40 166. 85 162.40 161 540 70;66.70 1-18. 20 146. 10 146. 20 141. (O0 141,q0
8 141.00 114. 20 145.66 16f6. 20 161,16 161.90' 165.20 147.80 144 80 146.10 146. 90 141. 4,
9 141.00 144.40 145.90 155.70 16050. 16I1.70 1166.30 147.20 144.4.5 1456.85 15.1680 141. 1.'
10 140.90 144. 80 146. 40 166. 20 IA)6 .30 1C0,90D 158. t0o 146. 80 144. 3. 146. 60 146. 70 1-11. 1)
11 140.90 145. 20 146. 60 157.20 169. 1560(). 15 160.00 146.60 144. 50 146. 40 I1o6. (O 141.311
12 140.90 141;. 80 117.30 1.67.650 159. 36 159, 10) 110.9g0 1.16. 10 144,55 145. 20 146.60 141. 29}
13 140.80 14,l) 10 147.70 167. 80 1SS. 80 168. 80 111. 30 146.85 144. 40 145.00 '143.40 141. 1(1
14 140.90 146. 25 1 17.80 157.80 167.90 158. 30 161. 00 1415. 5 144. 40 144.80- 146. 130 1410. 79
16 141.00 146. 60 147. 76 167.50 157,16 16. 16 160o.00 146.00 144.25 144 U60 146.15 110. 11t
16 141. 35 146.70 1I7.W 157. 60 I 51. 60 168. 50 158. 70 145. 75 144.15 144. 40 146. 00 13:.,7
17 141. 45 146. 20 147. Co 167.30 166. 10 158. 70 157. 00 145.96 144. 10 144. 30 144.85- 1:19. 50
18 141. 45 145. 60 147.90 167. 70 165. 90 1658. 70 1(1, 00 146.00 144. 15 144.30 14-I. 70 139J. Io
1 141. 80 145.'20 148. 40 158. 60 150. 220 169. 00 1.55.6O 116. 10 145, 20 144.20 144. 50 138. 1
20 141,90 14&. 00 148. 70 158.60 161. W6 168. 70 16a. 40 146.60 141. 85 144. 10 114.30 I:S. :10
21 142.10 145. 10 148.85 168. 10 156.4.10 158. 80 166. 20 147. 70 147.65 144. 10 14-1. 10 138.I 1
22 141.30 .11.90 1139. 00 158.(00 I165,80 168.9) 154.60 148.6() 148.60 144.16 143.96 I138. 25
23 147. 40 141. 60 149. 76 168. -I0 166.30 159. 90 163. 60 148.30 148. 20 144.25 143. 70 138. 1u
24 160.60 144.30 151. 30 168.70 161. 75 168.-0 153.00 148.80 147.30 144. 40 143.55 138. 35
25 151.00 144. 40 162. 65 I60. 80 164.30 167. 80 162. 70 149.00 147. 10 114. 60 143.30 1:3S. iA)
26 160. 30 144. 45 156. 60 163. 40 164.00 166,85 152. 65 148.8o 147. 00 144. 90 1-13, 20 138. s(O
27 149. 80 14-1-. 80 156. 20 165. 30 163. 70 166. 10 162. 50 119. 30 147. 70 1-16.20 113. 00 139. 590
28 148. 9f. 144. 9 157.8016S.30U 153. 70 151. 00 1651. 90 148.85 148. 10 1.15. 40 142.86 1).20
29 1.17. 80 14-1. 66 159). 6,0 11(1. 80 163. 90 166. 10 161. 20 147.90 117. 90 145. 70 1-42. 70 139. 99
30 147. 00........ 100.30 16t1. 90 13. 96 157. 40 160. 70 147. 00 148 00 146. 20 142.60w s. I1
31 145.90.159. 90 ... 4.90. 160. 20 146. 25 ... 140. ...... 1. )

I



180 WATERWAY, ST. LOUIS TO THB GULF AND OHICAGO.

Tabulated gatigc readings at selected stations between Chain of Rocks and Coairo---Cout'd.
LITTLE ROCK, M0.-Continued.

190.

[Gauge, 68.45 miles from Hads Bridge. Zero of gauge, 220.84 feet above Memphis datum piano. Gaugereal at 80 a. M.]

May. June.

163.20 163.90
162.70 1653.65
16f2 20 163.46
161.60 163.70
161.10 165.16
160.70 164.80
149.70 164.90
149.10 154. 60
148.60 163.90
1.18. 10 163. 40
147.00 163.20
148.50 152.90
148.603 163. 60
149. 70 164.30
1.19. 70 164.90
161. o0 165.30
16:3.10 166.30
164. 10 165,00
164, 46 164.60
1f65.20 164.56
165560 165.00
165.00 165,05
164.30 151.85
163.90 164.70
163.65 164.95
163. 25 165. 60
163.05 165. 80
163.15 165,90
1563.30 156, 10
163.85 160. 3S
164.16 ........

July.

160.8016, 0
157.00
157.16
157.16
168.00
158.70
169. 10
169.30
169.00
168.90
168,70
168,0
169. 10
169 (i0
1609 00

169.30
168,00
160).80
165.70
165.90
164,80
154. 20
164.00
161. 10
164.70
155. 00
154.30
163. 40
163. W
163.0

Aug. I Sept. I Oct.

164.80
165. 45
165. 90
150.30
165.70
165. 00
164. 20
163.60
152.70
152.20
161.90
161. 60
160. 90
160. 60
160, 25
149. 00
149. 10
148. 00
0148. 70
149.00
149, 60
149, 70
160.650
152, 10
163}.90
163.0
1'3.20
162. 80
152.00
16S. 70
149.60

148.50
1-17.9'5
147.95
147. 40
117. 10
140.85
146. 8
1.10.85

140.80
140. 76
140, 96
148.05
148. 65
147.85
1-17. 40
149, 40
165. 60
100. 10
162. 10
163.40
103.80
10,3.60
102, 10
100. 20
168. 10
160. 40
164.80
153. 10
162.00

151.20
160, 60
149.90
149. 40
1-19. 00
148.70
148.20
147. 70
147, 20
140.90
140.05
146. 45
140 20
145.90;
146.70
146, 60
146.30
145640
160, n0
163.30
161, 65
161. 10
160.95
160.76
160. Ii5
160.65
162. 10
151.90
160.90
150.20
149.70

a Doubtful on account of to.

1906. -

(Gauige, 56.45 miles from Eads Bridge. Zero of gauge, 220.84 foet above Memphis datum plane. Gauge
rea(l at 8 a. mii.)

I)ay.1 Ian. -Feb. Mar, Apr. May.

1 143.95 160. 55 166.70 169.70 164. 90
2 1'1I1. 00 160.90 167. 20 169.40 16-1.80
3 111. 10 160.80 167.60 169. 00 164. 70
4 116. 10 16). 30 167. 20 168,40 164.76
6 118. 00 149.60 150.30 168.20 164.76
6 161 .10 148.80 166,40 168.26 164.65
7 161:65 148.20 154.C60 18.10 161.80
8 160.90 147. 40 16-1, 10 Ib7. 90 165.60
9 149. 90 146.60 163. 80 168.06,165.46

10 148.70 146,90 163.80 168.20 164.80
11 147. 30 146, C(0 16.3. 60 I 8. 10 164, 16i
12 1111. 10 1-16.20 163. 35 167.80 164. 15
13 1 15.60 146.00 163. 06 167. 60 1-f3. 16
14 145.10 146,30 162. 70 168. 10 162. G0
16 1.11.70 146.46 162.40 169.30 162. 30
16 .1 1.GO 145.60 162.00 169.40 161.90
17 144.60 145.60 161.40 168.90 161. 40
18 1i44.16 146. 70 16O. 90 168.46 160.90
19 1 14.00 146.90 1 0. 60 168.265 160.66
20 1144.15 140.20 160. 10 17. 90 160.30
21 144.60 146060 149.;0 167.6 160.00
22 1 17.20 146.80 149.20 167. 26 119.70
23 148.00 147.25 1]18.80lo It6. 80 149. 60
24 1-19.40 148.80 148.80 166 6O 149. 36
26 10O. 60 161.70 419.00 16 . 10 149;20
20 160. 10 163. r1O119.30 165.80 149.16
27 1.19. 80 1565.26 I 1. 10 165., 6 149.10
28 1 10. 15 06,000 165.0) I 656. 16 149.05
29 149. 46 ... 1167. (O 1,66. 20 149.20
30 149.0(0 ... 18I, 70 165505 149.15
31 160.00 ... 169. 70 .... 149.10

Jul

149
160

I 1,(]

151
161
162
i52
163
163
163
16'3
163
163
163
162
162

162
163
163
163
164
164
166
166
164A
163
163
163

ne. July. Aug.

.75 163.86 147.60

.20 1 63. 70 147.30

.85 1 3. 80 147 30

.16 163.95 147.46
76 163.70 1.17.20

.90 16:1.35 140. 90
.10 163.10 1411,80
.56 1 62, 756 147.30
.36 162.60 117.36
.70 162. 10 147,20
.90 161.600 147. U0
3.8 151. 20.1 147. 60
.400 160.90' 148.00
.10. 160.80 148.45
.00 160.60 '148.095
.5 160.30 1149. 26
.60 160.20 1149.10
.26 149.90 148. 70
.30 149.G00 148.20
.45 149.26 148.00
.06 149.00 148.165
.80 1 148.80 148.10
140 148.80' 147. 80
.90 148.85 147.46'
.30 149.60 147.00
.00 160.20 140.90
.10 160.10 147.60
60 149.40 149.00
.75 149.05 , 149.16
.90 148.35 148.40
.... 147.86 147.80

Day,

1
2
3
4
6
6
7
8
9
10

12
13
14
16
16
17
18
19
20
21
22
23
241
26
26
27
28
29
3(
31

Feb.

145.70
145. 70
144.90
144.30
i141.30

i I&t4. 60
144.6)
144. 60I111.35O141.35

144. 10
144.00
143, 70
141:. 20
143. 00
143 .20
143.20
143.30
143s. 30
143, 30
143.30
143.40
1413.90o
144.20
144.70
145.60
110.20
161. 80

Jan.

138.00

138.40
1:9. 70
110. 16
1.19 95
1). 20

1:1", 90
1;(3 .10
1.30. 50
119. 15
118.60

a138. G0
a143, 10
a142. 70
0142. 00
141. 40
141, 70
143.10
144.60
145.40
1-15.76
140. 00
14(.20
1 15. 01)
116.10)
1.14. '10
1-14. 80
145. 00
145. 70
145. G0

Mar.

163.90
164. 05
154.05
153,76
154.46
164.60
165. 00
163.70
163.50
163, 16
152.90
162.60
162.20
161.60
150.70
1-19. 90
149.60
149,25
149.10
148.95
148..70
148.70
149.30
160. 10
160.70
160.95
161.20
1il1.60
162. 00
162. 60
162. 65

Apr.

162.60
163.60
163.70
163.40
163.35
163.00
162. 40
161.90
161.40
161.10
160.80
160.65
160.35
160.25
160,25
160.25
150. 40
160.40
160.30
160.00
149.80
149.600
1419. 60
119.70
160. 20
160. 00
161.0o
161. 70
162. 10
162.60

Nov.

149.20
148. 80
148.00
148.90
1149.00

.149,66
149.95
I160, 35
160, 10
149.75
149,65
149. 40
149.60
149. 0
149 10
148, 60
147.80
147. 30
147, 00
147, 00
147.20
147, 60o
147.00
140. 410
140. 20
140. 10
Il lf. 0.-
1hS. 7..
145.75
146.25

Dee.

140.70
147.20
147.20
147.00
146.70
140.20
145.80
145. 25
144. 70
144.10
143. 60
143.20
143.05
143.00
143. 10
143, 10
143.05
143. 00
143.05
143. 10
143. 20
14:1.35
143.30
111:1. :30
14:. 20
143. 00
1412.85
1.12.75
14:1.00
11:1. 45
1.13.70

Sept. Oct.

147.35 148.60
14(1,90 148.80
14).CoC 149.20
140. 60 149.10

Nov.

143.30
143.70
144. 10

144, 30
144.60
144.56
144.601
144, 70

144. 80
144.90
146.00
146.10
146. 10
146. 10
145.065
145. 10

146.30 l
145.40

145.40;
145, 40

140.30
147, 10
147, 20
147. 16
14(). 65146.66140 30
146:10

146.90

146. 05
140.00o
145.90
146.90
1 .16.90;
146.90
140. 06'
14 0, 00
146.00
146.80
146.70

145. 60
1Il. CIO
146.86
146, 90I145.80145.80
146. 90
140, 70
147.60
147.06
147. 85
148. 25
148. 66

Dec.

145.90
140.00
14.30
140. 60
140.6 5
140, 76
147 10
147. 60
147. 20
140, 95
140 00
140 40
140. 20
14.90
146.90
14.70
145.40
146.05
144. 00
14 4. W
143.70
143; W0
143.36
142,90
142.60
14'2. 10
141.70
141. 46
141. 40
141.00
142.30

1:~1(1. )
148. 30
147.40
14 .90
14. 60
140. 20
146. 90
146.00

1 146, 40
146. 15
14.00
144.90
144.80
1;144. 70
sI144. 651
144.40
144,2Q
144e10
144.00
143.90
143.84.)
143,.05
143.60
143. 40
143.35
143.30
143. 6
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Tabulated gauge readings at selected atatiofl8 between Chain of Rocks and Cairo-Cont'd.
LITTLE ROCK, MO.--Contlnued.

1907.

(Gauge, 66.45 tinlis from Eads Bridge. Zero of gauge, 220.84 feet above Mempluis~datum plane. Gauge
read at 8 a. in.1

Feb. Mar.

160. 55

150.45

150.2

149.9

149.0

149.6

149. 45
149.35

1490

148.7

148,0

149.0

151.0

152.6

153.7

1563.7
162, 76

152.35

152. 1

161.9

162.1

162. 05

151.3

150.8

1560. 46
160.2

15.1I
15b I0.
1-19.9

3

150.8

Apr.

161,35

152.05
162.0

161.87
151.8

161.7

151.6

161.0

161.7

161.8

153.1

152, 85

162.8

153.0

1153,4
153.0

154.3

154.3
15

164. 45

164. 16

153.8

163:15

152.65i
162.35

May.

162,0
153.35
15I.46
15345
153.1
152, 05
162.65
152.8
153.09
164.35
164. 45
153.7
152.7
152.05
151,86
162. 4
154, 4
165,2
155.05
164. 15
163,25
152.4
161, 55
160.85
160, 4
149.85
149.3:5
1419.6
150.1
160.1
150. 15

Juno.

160,4
160.'7151. 1
152.25
164.25
165. 1
165.1
154, 75
164.3
164.3
164,5
164.7
165. 7
150.56
150,5
10.8
166.8
155.9
1565.26
164. 7
154, 45
154.2
164. 15
164,2
165,1
156.2
150.8
167. 45
167.3
157.0

July.

165, 75
155.2
154.6
153.9
153.6
163,75
153,9164.0
154.0
153.9
M153.
164,2
154. 7
165.0
155.4
150. 4
167,3
167.7
168.05
158,6
159.0
1519.0
100.0
100.2
100.0
169.0
169. 4
159.0
169.0

Aug. Sept. Oct.

168.7 140.5 145.9
167.9 149.4 145.9
150,8 140.3 140.0
155.8 149.25 140.0
155.1 149.25 147.1
164.'0 149. 15 147. 4
154.2 19.05 147.6
154,0 148,9 147.0
153.9 148.6 147'.75
153.76 148.2 148.1
163.6 147.8 148. 4
1563.1 147.4 148.6
162,5 147.1 148.5
152.36 140.8 148,3
162,0 1410.0 147.9

161.065 140.2 147.1
161.3 146.95 140.,8
151, 4 146. 7 140, 46
16b2.06 146.6 14.1120
162.5 146.3 145.9
152,65 145,1 145.05
153.0 145.05 1146.6
152.5 145.2 1'l5.2
152,3 1.15. 4 145,0
162.4 145.65 1441.9
162.3 145. 7 1,11.85
150.95 145.8 1'14. 7

1496.....144.15

Nov.

144.1
144.2
144, 1
143.9
143.8
143.8
143. 75
143.065
143.06
143.05
143.6
1.13,5
14:3.35
143.3
143.2
14:3.2
143.2
143.2
14:1.16
14:.1,
143.156
143:1, 5
143.2
14:1, i
143,
14:1. 1
143.05

4131: 15
1:13. 2
143.2

Dec.

143, 1
14:3.15
143.0a5
I143.0
142.1)
142.8
142.7
142,0
142.45
142, 4
142.35
142.25
142, 1
142.05
1412.05
142. 1
142.2
142.3
1.12.1
142. 4
1412,3
142,1
1*12.0
1412.2
1.12.1
1.12.1I
1.12.05
142.1lb
142.0
141.8
141.85

1908.

[Gauge, 60.46 mile8 from Eads Bridge, Zero of gauge, 220.84 feet above Memphis datum plane. aauge
readi at 8 a. ml.

Day. Jan. Feb. Mar. Apr. May. June. July. IAug. Sept. Oct. I Nov. Dec-.

1 141.90. 140.70 161,90 160.10 161.95 1600,0 103.10 ......................
2 142, 00 140.60 161.70 140,80 161.40~ 100.90 102. 8( ......................
3 142.10 131.00 161.80 149.80 16b1.00 101'.30 I102.S(1 ........:... . ... ...

4 142.10 13.7 12.20 149.80 150.70101.9'1.01iO 163.05................. ...

5 142.05 140.06 '152. 40 149.80 151.9)0 102.560 I163.2(1....I.................
6 141.95 140,30 152.65 149.70 1.52.30 102.565 163.20............I.... ...

7 141.90 140.20 163.00 149.70 163.90 162.65 103.20 .............- ........

8 141, 8.5 140.35 153.15 160.10 564.30 1C .62,0 102. 76 ......... 1......... ...

0 141. 76 140.70 153.80 160. 80 164. 70 102.0.')) 161.85 ......................
10 141,00 141.00 164.90 162.10 165.10 102,0,15 100.95 .. ......... ...... .f........
11 141.00~ 141,20 165.60 164.00 165, 60 162, 70 1 ,0. 30..... .... ....... .1........
12 142.10 141.50 165. 45 154.70 165.90 102.80 1511.900 ...... .... ....... .1........
13 142.40 141,90 165. 40 165.20 11655,60 103. 20 159.70............. ....... .1........
14 143.10 142.20 165.10 164.90 165.00 103.50 169,50 . .. :..4
16 431 144.20 164.90 164.80 164. 76 103.905 I 15. 00 .... .. ........ ...

16 142.00 147.00 154.65 164. 50 165. 45 104.55 168. 30 ......................
17 142.20 160.30 164.10 164.00 167.10 105.30 15)7.50.)....
18 142.00 160.80 163.70 163. 40 167. 90 105,.8O 150.80.....
19 141.80 161.00 153.30 162.70 168.40 100.10o 1,50.0 ............. ... ...

20 141. 76 151.20 163.00 161.80 168.60 100.3 1601.65 ......................
21 141.60 151.70 162.60 161.20 1158.10 160.30 1fl)0.8................. ...

22 141 31b 161. 40 162.30 160.70 167.650 100. 26 150)(.90o............. ........

23 141. 40 160.90 '161.90 150.560 167.650 100.10 1b'.60.5.....................24 141. 7(1 150.060 161. 60 160.70 167.36 100,00 1-50, 16 ........

12. 142. 00 160.30 161.10 161.00 1560.95 105.060 155.05r .......

...

20 141.90 150.20 150.70 161.70 1560.70 10.5. 40 155, 35 ......................
27 142.05 150.80 160.45 162.30 157.20 165.10o 165.95 ......................
28 142.05 161.80 150.25 162. 60 158.20 104.0R5 165.00 ......................
29 141.90 162.20 150,20 152.95 158.90 104.20 155.00 ......................
30 141.600.....160. 20 162.05 160,20 103.00 154.70 ......................
81 141,30..... 160.40..... 169.70 .....164.35............. ....I...

Day.

1
2
3
4
6
8
7
8
9
10
11
12
13
14
16
18
17
i8
19
20
21
22
23
24
25
20
27
28
29
30
31

Jan.

142.7
143.3
144.2
144.8
145.5
140.6
141.95
147. 1
147. 1
147,0
147.0
140.9
140.8
140,9
147.6
148.2
149,0
150. 6
162.9
165.3
168.5
169.6
169.85
169.85
169. 4
1 18.0
166.55
165. 1
163. 9
163.0
152.4

162.05
151. 65
161.0
150. 4
149.6
148.7
147.7
140,4
146,6
145.2
145. 1
145,2
145, 06
140.2
147.2
147.8
147.55
147. 66
148.0
148.2
147.95
147.6(5
148.0
148.76
149.75
160. 46
160.05
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Tabulated gauge readings at selected stations between Chain of Rocks and Cuire-Cont'd.

RED ROCK, MO.

1890.

(Gauge, 89.20 miles from Eads Bridge. Zero of gauge, 335.84 feet above Memphis datum plane. Gauge
read at 8 a. 11.1

Ian. F'eb. MMar. Apr. May.

........ .. ....... ... ...... ... .......... .......

. . . .. .. . . . . . . . . ......... ............... .. .. ...........: ...... ........... ... ............ ... . ........ . ........ . ........ . ............. ....... . ........ . ........ ........

........ ............:
..............

..---......... ....'. ...... . .........
......... ........ .. .. . ... ... ........

............ ....... ,.........

......... ,,... .......... . ......1.........~~~~.................... ......~~~~~......,.,
........ I,........

.............
*-----i----"'----......*-'''

........ .......... ...........
... -----..........--**-

........ .... .....I... ...... .. .... . ......

........ ,........ ..... ....

........ .... *: .... ... .....~~~~....,........ ........ ........ ...

June. July.

.................

......... ........

.........

1897.-

(Gauge, 89.20 miles from Eads Bridge. Zero of gauge, 335,84 feet above Memphis datum plane. Gauge
read at 8 a. in.]

Jan.

6.85
0.75
0.95

.......

.......

.......

.......

.......

Feb. Mar.

........I.........

1I''......
..........

I..: ...- -I........ .......

|Apr.

........

........
j........

........-

May. |

--- - 1.
. '''''.. *11

June. July. Aug. Sept. 00Ot.

1....
. .

*
1---- --1
1- --- --
1- ----- -
1------- -

Nov.

.4.85
4.85
4.90
4.80

14.761
4.70
4.80
4.90
5.40
5.40
5,55

5.60
5.60

1 5. {;01

5.60
5.0)
5.60
5.40
5.30

I .10
5.05
6.00
5.00
5; 00

I .00
S.00
5.00
5.00
6.00

1-'---'--

Dec.

5.00
4.85
4.76
4.40

4.00
3.55
3.10
2.60

*1.80
*1.60
* 1,90
*2.00
*2.10
2.60
2.70
3.00
3.40
3. 60
3.10

a 2.40
I 1.70
*1.60
*1.3.5
I.1.15
0.80
6.70

a 1.20
a 1.95

a2.40
3.00
15

o 'remporary gauge doubtfuL

00t.

........

........

. . ...

Day.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
16
10
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Nov.

........

........

7.00
........
........

........5~7.05
7.05

Dec.

6.90
0.80
0. 60
6.55
6.70
6.6(0
0.20
6.70
5.45
6.20
4.05
4.90
4.90
5.10
5.35
5. 60
5.95
6.40
7.05
7.60
7. 9)
8.05
7.95
7.85
7.70
7.05
7.50
7.25
7.05
6.95
6.85

Day. I

1
2
3
4 ..
6 .

6 ..
7 ..
8 ..
9 ..
10 .
11 ..
12
13 ..
14 ..
15
16 ..
17
18
19 . .
29 . .
21 ..
22 . .
23 . .
24 . .
25 ..
26 . .
27 . .
28 . .
29 . .
30 ..
31 ..

. S WAug. s4t.

........ ........

........ ........

........ ........

....... ........

...... . ........

........ ........

........ ........

.... I... ........

........ ..

........ ..

........ ........

........ ........

........ ........

... ........

. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . . . . . .

.....

........I

. . . . . . . . .. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . .. . . .. .
. . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . .. .. .
. .. . . . . . .

. . . . . . . .
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Tabulated gauge readings at selected stations between Chain of Rock8 and C'airo--Collt'd.
RED ROCK, MO.-Continned.

1898.

(Gauge, 89.20 miles from Eads Bridge. Zero of gauge, 335.84 fect above Memphis tlatum plane. Gauge
read at8a. m.]

Day.| Jan. Feb. Mar. Apr, May. June. July. Aug. Sept. Oct. Nov. Dec.

1 3.25 8.20 9.60 25.50 16.00 20.40 22.15 12. 90 8. 1f5 8. fO a 10. 70 7.6
2 3.40 7.76 9.35 21.70 15,20 19.65 22.25 12,.0 7.80 8,20 10.10 0.90
3 a 3, UO 6.90 9. 15 23.50 16.70 19.50 22. 10 12. 90 7.0 7. 80 0.25 6.40
4 3.80 6.25 9.00 22,00 17.50 1 9.90) 21.40 13.70 7.30 7.3h 8.60 f5.90
6 3.40 5.80 8.76 21. 40 19.00 20.40 205, 0 13.80 6.95 7.15 8.10 5,.10
6 3.150 5. 60 8.6A) 20.50 21.20 20. 80 10, 70 13.20 6.90 7.0 7.80 5. 20
7 3.75 5.25 8.40 20. 30 21. 70 20. 90 19.40 12.50 0.80 6.fl80 7.6,5 5.0
8 4. 20 5, 30 8.30 20.10 21.50 20.40 20. 50 12.20 6.75 0.50 7. 70 4. 70
9 4.70 5.5f0 8.15 19.70 21.00 19,59 22.10 12.30 7.00 (.20 8.(0)5 4.10
10 5.2f5 6.10 8.10 191,0 20.50 19.00 21.90 11,75 7. 0 5 ..9 8,20 4.10
11 5.0o 6.50 8.10 19. 20 19.90 18,90 21. 60 11.55 8.40 5.85 8,30 3.30
12 6.65 7.10 8.75 18.80 19.20 19.6O b 21. 20 10,90 9.40 6. 8 8.70 2.6O
13 7.80 7.30 11.40 18.20 18.30 20, 60 20.10 10.40 9. 90 0.0 8. 0 2.60
14 8.40 8.40 12.80 17. 70 17.40 21i 60 18.90 10.30 9. 70 0.50 8. SO 2.20
15 9.10 9.80 1(1.35 17. 70 17.30 22,10 17 90 10,50 9.30 6.40 8. .55 1. 9
16 8.80 10.15 17. SO 17. 90 10, 0 22. 35 17.00 10,.10 8.85 0.00 8. 2,5 2.00
17 8.40 10.35 18.20 17.85 17. 20 23.20 10,00 10.50 8.70 5.70 8.00 3.30
18 8.20 10.40 18.35 17.40 20.20 24.140 16.10 10.30 9.900 5.40 7. 70 4.40
19 7. 80 10. 50 18.20 10.75 21.90 24.6Y0 14.10 10.20 11.00 5.46 7.40 4. 00
20 8.30 11.10, 18.10 10.00 22.,0 24.00 13.90 10.00 11.45 5.80 7. 30 4. 90
21 8.50 11. 60 18.60 15.50 22. 60 23.30 13.40 10.56 11.00 0.80 7.10 4.25
22 8. f0 12. 70 19.80 16,00 23. 80 22.10 13.20 11.40 10.4IO 8.50 7.10 4. 50
23 9.70 12.80 22. 70 14.50 25.65 20.90 12.95 11.,0 9:.70 10.05 7.10 5. 60
24 9.80 12.20 25, (.65 14. 30 20.50 20.00 12.0 11.00 9.30 10.80 7. 20 7..f0
25 9.50 11.40 26.00 14.20 20. 20 19.40 12.00 10,16 9. 50 11.00 7. XO 9.10
20 9.25 .10. 85 23.70 14. 40 25.10 18.90 11.90 9.70 9.90 10,.50 8. 60 10.20
27 9.30 10.40 2"5.70 16.50 2, '60 19.50 12. 20 9. 30 9.80 9.90 9.70 10. 70
28 9. .50 9.95 26. 00 17.50 23.60 20.00 12.20 9.00 9. 70 9.20 10. 1I0. 80
29 9. 70 .. 5.2. :0 17. 60 22.4- 21. 50 12, 20 8.70 9.30 9. 30 9.140 10 50
30 9.25 ...-.. 25. 20 16.85 22. 00 22. 00 11. 80 8.50 8. 90 10. 20 8.40 10.10
31 8.80 .... 25.50.. 21.25 ...... 12. 25 840.....1.. 10.00..... 9.70

a Chlianged less than one-half foot, b 1enading changed one-half foot or more.

1899.

[Gauge, 89.20 miles from Eads Blrldge. Zero of gauge, 335.84 feet above Memphls dtLtum plane. Gauge
rean at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept, Oct. Nov. D)ec.

1 9.00 5.00 15. 60 14.30 25.00 22.80 20,30 14.70 9.10 7.10 60 60 7.30
2 7.90 5.60 10.35 1.1,40 25.00 22.70 20.30 14.60 9.15 7.00 0.20 7.20
3 7.00 6.00 15.70 14, 20 25. 00 2!;3 10 20,40 14,50 9. 15 60 90 6.20 7.10
4 0.30 0.50 15,00 13. 70 24..50 123,.50 20.80 14.40 9. 00 6.80 6,40 6, 90
b 6.10 0,60 14. 60 13.60 23.30 23.71) 21.40 14.10 8.80 0. 70 0.70 6,85
6 0.10 7.00 14. 00 14.00 22.00 23. 80 21.80 13.90 8.70 6.60 0.80 6.80
7 5. SO 7. 30 13,80 14.60 21. 10 23.85 22.05 13.90 8.50 6.60 7.00 0.70
8 6.85 7.35 13.60 14.85 20.60 23.50 22.30 13, 50 8.35 6. 40 7. 20 0.60
9 6.25 7. 40 13.00 14.65 20.10 22.) 90 22. 40 13.20 8.30 6.25 7. 40 0.55
10 0.10 7.30 12. 50 14.65 20.10 22.70 22.40 13.60 8.25 0.10 7.55 60.50
11 5. 80 7.60 12. 60 14.70 20.70 22.00 22.40 14.90 8.30 6.00 7. 70 6. 60
12 5.80 7. 70 12.70 14.80 21.20 22.60 22.80 15.80 8.40 6.05 7.85 60 60
13 5. 80 7.60 12.80 16.90 21, 80 23.00 2'2. 90 15. 80 '8.50 6.9 8.00 6.60
14 6. 90 7.60 12.80 17.10 22. 00 24. 10 22. 50 16.5 0 8 50 5. 90 8. 10 6.50
16 7.50 7.80 13.20 16 80 222.00 24.30 22.00 rO 30 8.40 6. 80 8.20 6. 60
16 7.10 8.00 14.30 10.15 21. 80 23:-80 21. 40 15.00 8.30 6.75 8.20 6.60
17 7.10 8.30 16.10 16.80 21.20 22.60 20.90 14,20 8.20 6.80 8.15 0. 50
18 7.25 8.60 17.00 15.70 20.50 22. 30 20. 40 13.50 8.20 6.80 8.10 6.10
19 7.25 8.60 17.60 16.70 19.90 22.30 20.10 13. 00 8.20 5.85 8.10 O.00
20 7.10 9. 00 18.30 16. 76 19.50 22.20 20.00 12.50 8. 40 6. 90 8.10 6.10
21 6.95 6.90 19.40 16.35 19.10 22.05 19. 70 12.10 8. 40 6. 80 8.10 6.70
22 0.95 0.30 20.00 17.30 19.70 21.80 19.30 11.80 S.20 5.76 7.90 C 701
23 6.90 5.50 20.00 18.30 20.70 21.40 18.70 11. 40 8.00 5.65 8.10 6.50
24 6.80 4.65 19.50 21.30 22.30 20.76 18.00 10.90 7.11)0 6.10 8.25 0.10
25 6.80 3.90 18.90 23.50 23. 40 20.10 17.60 10.55 7. 70 6.50 8 40 5.50
26 6.80 7.90 18.20 24. 70 24.20 19.70 17.10 10.20 7.60 5.50 8 10 6.0
27 6.60 9.00 17.40 26.3Sj 24. 70 19.50 10.50 9. 0 7.50 5.50 8 10 4. ,1,0
28 6.60 12. 40 10, 60 25. 40 241.50 19. 6 16'. 00 9.80 a 7. 40 ,5 70 7. 7o 41 04)
29 6.30 ... 15.80 26.00 24.00 19.80 15.50 9.6 a7.30 5.8.5 7.50 3,.5)
30 6.80 ... 15.20 24.80 23.40 20.10 15.30 9.40 7. 20 0.30 7. 40 3(00
31 5,00 .14,50 . 22.90 ........2 2.60

a Chanced less than one-half foot.



184 WATEMMAY, ST. LOIJS TO TlHE GULF AND CHICAGO.

Tabulated galitC re(adinlgs at ,selected stations between Chain of Rocks and Gairo-Cont'd.
1R11D 1ROCK, MO.- Conifutined.

19(0.
(Gauge, 89.20 miles tromii Enlds Bridge. Zero of gauge, 335.84 feet above Memphis datum plane. Gauge

red(I at 8 II. nni.]

Day. Jann.

1 1.80
2 1.',0
3 2.10
4 2. 00
6 ;3.(0
U 3. R)
7 6. 00
8 6.315
9 4.60
10 4.70
11 4.0D
12 F. 10
13 6.10
14 4.90
15 4.00
10 4. 0
17 4.76
18 4.80
10 6.00
21 0. 0(
21 8.0O
22 8.80
23 8. 10
24 7.70
26 7.40
20 7.20
27 7.20
28 7.10
29 6. 90
30 (.130
31 6.60

4.6150
3.80

*i0.00
3.80
3.40
3.00
3. 0

7.60
0.00
0.30
8. 90
8.70
8. 60
8.00(
7. S0
7.0

7,26
7.25
7.80
0).3"0
10.10
1.80
10.60
9.90
0.20

Mar.

8.70
8.30
8.20
8.20
8. '0
0.70
12.80
17.'0
18.70
10. 10
10.70
20.90
21.1i0
22.60
23.00
23.20
23.30
23. 00
22.40
21. '10
20.30
19.410
18.70
38.30
17.80
17.20
1.0
1(1. 1I(1
16.20
11.770

Apr.

14.20
14.10
14. 60
14. 0
14. 0O
14.80
16.20

16.80
10. '1010.60
10,.10
lC. O()10, *0(10.20
10.00
18,00
18,.30
17.80
10,80
10, 00
16,60

16,. ()O16.041
10.70
l~,10.00
17.30
17,(0O
17 W0
1 7. 8)
lI(. ()

May.

10.40
16,90
16.10
16.70
16.80
16,70
10.00
16 40
16.70
1(0.70
16. 60
1(J,30
11). (N
16.0,
I 0. 60
I6.80It: I(0
14. 60
14. 41
1 .1,
14.60

b 14, 40
14.40
14.40
14. '10
14.00
*3,7()
13.6
13.10
13.30
13.80

June.

a14.30
13.80
13.70
13. 70
1:3. 50
13.30
12.06
12. 0
12. '16
12. 10
12.3R0
11.00
11.76
11.90
13.10
14.00
14.30
13.60
12.80
12.60
12. 4I0
12.70
13. 0
16.00
16.70
I r (;O
1i. to
16. 00
14). tO
13,.70

July.

13.20
12.80
12 70
12. 0
12,00
12,iO
12.60
12.20
11.80
11.60
11.'10
11.20
11.20
11.20
11.MO0
10.70
10.70
10.00
10.80
10).60
10(A)
10U.f
11.10
12.2()
13.310
1. 00
14.00
1:. SI)
13..1)
1:3.00
12. 0

Aug.

12,36
12.00
11.60
11.20
10.8f
10.46
10. ()
9.6o
9.00
8. 60

-8.30
8, ()
7,(;0O
7.30
7.00
0.8(1
U.70
0.66
0.66
7.46
8. 7(
9. ()0
0.00
10, 10
10.00
10.05
0.06

. 10
9.90
9.76
9.76

Sept.

10.30
10,00s

b 10.70
10.80
10.80
10.80
10.00}10.1()O
9. ()
8.70
8. 10
8.10
7.86
7.7()7,71)7.40
7. '10
7.30
7.20
7.30
7.40
7.00
8.30
8. 10
8.60
8.70
8.80
9.10
9.80

........

Oct.

10,40
10.'0
11.30
12.30
13.20
13.30
13.00
12.70
12.00
13.20
13.20
12.60
11.80
11.30
11.00
10.80
10.00
10.66
10.65
10.06
10.80
11.16
11.40
11.86
12.20
12.60
12.70
12.76
12.76
'12.80

.12, W9

Nov.

13.10
13.10
12 60
12.20
12.20
12.40
12.76
13.60
14 00
13.80
13.60
13.20
13.00
12.80
12.70
12.40
12.20
12.20
12.40
12,60
12.60
12.00
12 80
13.10
12.90
12.90
12.90
12.80
12.66
12.30

De,.

11.75
11.10
10.65
U. 1,6
9. .A)
9011
8.8 1
8.60
8.3(
8. 0
7.06
7,80
7.00X)
7.4(0
7, 16

II. 7(
(1. 6
6.20
6. IN
6.70(
6. r
6. 'l)
6,2(0
6. IMI
6.(X)
4,tW)
6.00
6.0()
4.S.
4.

a Itea(111g changed ono-haU42Qalaiore. b Chtinged less than one-half toot.

1901.

[Gaugo, 89.20 miles from E*ads Bridge, Zero of gaugo, 335.81 feet above Memphis datuim plane. 0augeread(1 at 8 a. im.]

Day,

'1
2
3
4
5
0
7

18
19

20
21
12
13
14
16
16
17
18
19
20
21
22
23
24
26
20
27
28
29
30
31

Jan.

4.40
4.30
I. 00
3.86
3.60
3..30
3. ()O
2.80
2.80

I .:20
3.70
I 1. 2(0

6.650
0. 20

|(. 54
0. 90
0. 70

a(. ;n
0.80
0.70
0.655
0.30
0:;20
0.30
0.25
0.25
(. ()5
0.0(O
6.'90
6.80
6.80

Fob.

6.70
6.6O
5. 10

a 6.30blt. .'106..'0
6. 10
6. 30
6,.30
4.80

a4.20
3.60
3.60
3.00
4.00
4.00
4.10
4.20
4.30

4.600
4.90
4.80

u4.60
4.30

*4. 45
4.80
6.50
0.10

hiMar.

0.00
6.70
6,605. '206.20
6.10
6.(0
6,10
0, '10
7.00
8. '10
10.00
11.50
17.20

18.0()
17.80
17.60
17.30
17. 20
17.00
10.00
10,90
17.0(
18.40
18.00

19.30
10.26,
11t. 00
18. 8
I 8. 60

Apr.

18. 0
18.80(

10.00
10, 20
19.60
1t).7019. 70
10.'00
20.20
20. 76
21.70
22.10
2'2.30
22.60
22. 60
22.60
22. 30
23.00
23.60
23.30
2. 50

21.60
20.80
20.20
19,60
18.80
18.20
17.70
17.30
10.86

AMay.

10.60
16.10
16.76
16.60
16. 10
14. 0
14.(iO
11. 30
1 4.o00
1:3.g0
13.M0
13. 30
13.1t
13.00
12.80
12.60
12.30
12. 10
11.90
11.80
11.60
11.20
11.00
10.90
10.70
10.60
10.W0
11.40
11.30
11,00
10.80

Juuie. July.

10.6010.60

11.26
12.60,
12. 6
13.05
13.,30
13. (00
13.70
1:3. 60
13.'26
13. 10
1.3, 10
13.40
14.00
14.140
14.20
13.80
13.30
13.15
13. 10
13.10
13.10
14.30
14.70
14.00
16,.20
16.40
16. 40

14.80
-1.36

13. 80
13.20
12'.70
1 2.20
11,80
111 .10

I lI ro12.00
12. 10
11.00
I11.
11.20
11.10
11,0010.935
10.95
10.05
11.10
11.40
11r.o
11. 10
10.70
10.60
10.00
9.80
9.e0
9.40
0.20

Aug. Sept.

9.20
9. 0
9.',10
9.60

. O. 20
9.00
8.06
8.30
8.06
7. 00
7.76
7.60
7.60
7.40
7.30
7.20
7.410
7.00
6. on6. S,,
0.70
0.70
6.00
0.60
6.40
0.20
0.10
0.00
6.90
5.85

6.70
6.60
6.40
6.30
6.20

6.00
4.8
4.80
4.70
4.70
4.71)
4. 7(C
4.bO'4. 60
'4.46
4.40
4.30
4.40
4.60'
4.90
6.80

6.30
6. (1O
6.,70
5. 60
6.40
6.40
... .

Oct.

6.30
6.10
6.00
4.85
4.76
4.7(0
4.80)
4.85
4.90
6.00
6.10
6..30
6.30
6..30
6..30
6.20
6.16
6. 20
6.606.00'
6.80
6.90
6.90
6.90
6,80
6.70

. 615
65.15

16.65
6.0
6.70

Nov.

6.80
6.70
6.0(01
6.60

16.60
6. .10
6.10
6.05
6. 05

16.001
6.00
6.10
6.26
6.25
6. 1(
6.05
6.05

6.00
4.95
4.00
4.90
4.900
4.90
4. 0
4.90
4.86
4.76
4.70
4.06

.. .. .

I1)eo.

4.60
4. 65
4.1.'04. -1
4.35
4. 261
4.210
4. 165
4.2"4.:i04. IT)
4.7))
4. 7(1
4. 7)

1 3. 0(l
3.10
0.41)
4. [A)
4.0()
4.00
4.(.10
6. III

I .
I 0

(1 10
3.60)1
3. 211
3.1(A
23,2)

*Changed less than one-liit foot.

- -_ _ .___ ___



WATERWAY, ST. LOUIS TO 'T'HIE GU:lLF AND CHICAGO. 185

Tabulated gauge readingjs at selected stations between C/hin of Rocks and C6airo-- (C'oid'd.
RED ROCK, M1O.-Conthinued.

11902-.
(Gauge, 89.20 miles from Ends Bridge. Zero of augo, 335.)1 feet above Memphis datum plane. Gaugereatat 8 a. Iii.)

Day. Jan.

1 3. 30

2 3.30
3.26

a 3.25
2.40
2.20
2.20
2.110
3.10
3.40
3. 60
3.50
3.40
3.10
2. 60
2.30
2. .50
2.90
3. 10
3.10
3.20
3. '20
3.20
3.20
3.10
3. 10
3.00
2.1)
1.70
1.00

a . 10

Fob. Mar.

0o.n
a .440
*1 . 10
a .380
a , (;()

a .50a , fi(
a 1.71)

1. 501. 50
1.30

1.90.N
2.10
2.00
2.00
2. 60
2.160
2. (O

2.80
2.80
2.80
2.80
2.90
3.15
6.40

5.70
(. 20
6.90
69.0
8.00
7.90
7.60
7.;60
8.20
9. 3()
10.10
10.15
10.00
10.70
11.90
12. 165
13.06

, 13.90
13. 10
1:.n60
12.30
11JO0
10.80
0.90
9.70
0.60
9.604)
9. 0

I 1. .50
11.76

,11.50

Apr. MBay.

11.40 0.50l
12.00 09.3;
12.45 9.40
12.(0 1 1.00I
12.60 11.80
12.35 11.30
12.41) 10. 90
13. )0 10.1()
13.00 9. 10
12.40 8.590
1 .X0 9). 20
11.30 10.35
11.10 11.20
10.70 11,70
10.40 12.10
10.10 12. 10
9. 90 12. 00
9.71) 11.90
9, 11. O
0.55 12.20
9.40 12. '()
8.09 12. 50
8. 515 12. 10
8.84) 12.1)0
9. 85 12. 80
9.80 13.616
P.20 14900
8,80 14. 75
8.9) I 1(1. 0
8.90 18. 10

......... 18. 20

J tine.

18.00
17.60
17.(i0
18.80
10.40
19.20
19.(0
18.60
17. 90
17. (0
17. 0
18.70
19.40
19. 40
19.85
20,560
20, 35
20.30
19..5)0
19.70

rW
18, 60
18.30
18.30
18.20
18. 20

21. 20

J.tuly.

21.70
22.95
24.70
24. 0
24. 10
23. 70
22.90
22. 60
21.90
21.80
21.70
21,20
21.20
21.90
23. 10
24. 05
24.60
26.00
25, 40
25.70
25. 55
25. 40
25. 40
26.60
2l1 00
26. 16
26. 16
21. ()0
25. .10
24. 50
23. 60

23.00
22.10
21.35
20.50)
19. F4
19.04)

18.80i(
18.20
17. 80
17.20
116. 80
10. 60
16. 40
10.0O
15).40
16. 10
16. 20
15. 35
156. 70
16.90
17.(10
17.86
17.90
17.95
18.30
18.70
10.20
19.90
20.30

At1 Sept.
20.20
19.76
19.10
18.80
19.10
19.150
19.90
18. 20
17. 16
16. 10
16.40
14.80
14.30
13.80
13. 15
12.60
12.00
12.00
11.40
10.90
10.11
10.10
9.76
9.50
9.50

10. 16
12.00
13. 10
13.80
14.80

Oct. Nov. Dec.

15.70
16.,80
16.66
111.00
11. 60
17.16
17.70
18.60
10.50
20. 10
19.80
19.00
18. 10
17.35
10. 40
16. 70)
16. 16
14.90
14. 0
16.00
16.30
1. 60
16.00
16.30
11.125
111. 1()
16.80
16.00
13.85
12.90
12.20

11.80
11.40
11.10
10.80
10.66
10.40
10.65
11.10
11.25
11.70
12.30
12.60
12.30
11.30
11.40
11. 10
10.90
10.85
11. 10
11.90
12.90
13.70
13.,10
13. 50
13.40
13.20
13.20
13.40
13.0
13.80

.....

14.20
14.30
14.15
13.80
13.60
13 60
13.70
13.80
13.90
13.60
13.10
12.20
11.90
12.30
12.60
12.60
12.00
11.30
11. 10
11.30
11.90
12.30
12.05
13. 40
14.00
14.60
14.50
14.20
13. 115
13.05
12.20

a Doubtful on account of ice.

1903.

(Gauige 89.20 miles from Ends Bridge, Zero of gauge, 3315.84 feet above Memphis (datuni plane. Bauge
rea(l at 8 a. ini.]

D Ly. Ja Fe.I bl).

2
3
4
6

0

7
8

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

11.20
10.30
10.1()0
1().
1(). 10

10. s0
10.70
10. 6(
10.60
10.30
9.80
9.20
8.40

a 8.00
a7.60
a 7, 10
a7. 10
a7.20
a 7.80
a 8. 30
8.65
8.80
8. 60
8.60
8.40
8.40
8.10
8.50
10.40
'1.7()
I1.80

11.80
11.70
11. 30

11.59

13.0
16.80
16. 1)
16. 7(
14.95
14. 15
13.40
12.80
12. 65
1:3.
13. .15

c 13. 71)

13,20)
12.40
11.60
11.80
10.50
10.20
10.30
1(0.30
10. 10
10. 60
11.10
12.20

Mar.

14.76
10.20

I16.^t(0
10.70
17.80
18.60
19.00
2(0.60
23.(00
25.20
26.20
20.60
20.00
25.40
25.20
25.30
25. 10
24. 0

24.40
212.40
24.410

26. 30
24.90
24. 60
24.30
23.70
23.20
22.60
21.80
21.30

Apr.

20,60
20.20
10.80
I9. 6,019.50I1).hO
20. r0
21.60
22.20
22.30

21.90
21.40
21.40

22.80
23.60

24.00
24.30
24.30
24.20
24.60
24.40
23.80
23.60
23.50
23.10
22.60
21.95
21.40
20.60
10.90
19.50

May. Julne. JUlY.

10. (0
18. 11)

18.20
18. 00
17.60
17.20
17. ()O
1(0.86
16.70
16.70
10.80
16.70
0.60
10.35
16. 10
15.80
10.00

17. 40
10.30
20.60
20.80
20.60
20,10
10.80
19.76
20.26
21.90
23.50
24.00
24.00
24.30

265.30
I27.10
I29. 30
30.70
31.900
33.20

131. 40

1365. 110

36.40
30.90
37. U0
38.30
38. (10
38. 110
38.20
37.30
36n.90
34.30
32.61)

30.40

28.70
27..50
20.70
26.80
25. 10
2.1.70
24.30
23.40
22. 30
21.60

21.00
21.00
20.70
20.00
19).20
18.fiO
18.()0
17.h0
17.1010
17.60
17.50
17.40
17. 10
16.60
16.50

10.80
c17.30
18.50
19.30
19.70
10.30
18.80
18.70
18.90
19.00

19.30
20.20
20.10
10. 60
18.90
18.40

Aug.

17.70
17.00
10.60
11.20
10.40
15.70
15.30
16.10
16.00

17.00
17.10
17.30
17. 10

17.40
17.26
17.60
17.70
17.30
17.60
17.70
1'1.80
17.90
17.80
17.30
16. 65
10.30
16.10
16. 80

15.80
1. 1)0
16.70

Sept.

17.20
17.8()
10.30
19.80
19.70
19.40
18.70
18.00
17.70
17.60
17.20
17.30
18. 50

19.9(
'20. 40
20.40
21.00
21. 10
20.60
20.60
20.40
19.80
19.00
18.20
17. 60
17.10
16.75
16.70
16.90
17.00

Oct, Nov. I)e0.

17. 16

17.20
17.20
17.20
17.40
17.60
18.
18.31)
18.80
2(0.00
21.21
21.70
21. &5
21.20
20.00
20.60
19.85
19.20
18.70
18.30
17.80
17.40
17.00
16.70
10.50
16.40
10.20
16.10
16.00
15.90
15.80

16.70
116.40
15.30
15.10
16.00
14.90
15.20
15.50
1.5.0
15.30
16.00
14.60
14.20
13.75
13.40
13.00

d 12.80
12.50
12.20
11.80

d 11.60
11.30
11.00
10.80
10.60
10. 10

9.70
8.90
8.60

1---- --.

8.30
8.10
7.V00
7.55
7.30
7.00
6.80
6.70
6. 00
6.40
6.10
6.80

b3,90
603,20
b2,95
62.40
b2.60
b3.70
b4.00
64.55
b4.90
6530
6.665
0.20
6.30
6,10
6.10
6.30
8.60

a Interpolated-ne reading.
& Doubtfu on account of leo.

c Reading changed one-half feot or inore.
d Changed less than one-half foot.

5
6
7
8
0

10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31-3!



186 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge readings (at selected stations between Chain of Rocks and Cairo-Cont'd.
RED ROCK, MO.--Continued.

1904.

(Gauge, 89.20 mile-s from Eads Bridge. Zero of gauge, 335.84 feet above Memphis datum plane. Gauge
read at 8 p. in.]

Day. Jan. Fob. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dee.

1 a 7.00 11.20 10.40 27.6O 35.20 21.30 23.20 14.00 10.95 13.10 11.55 7.75
2 7.40 10.50 10.00 27.30 34.80 23.00 23.30 14.60 10.45 13.35 11.60 7.60
3 7.20 9.50 9.60 27.00 34.40 25.00 22 (i0 14.05 10.05 13.00 11,45 7.50
4 7. 00 9.20 9.10 26,50 33 80 25.00 22. 10 13. 75 9.90 12.80 11.35 7. 40
5 6.60 10.10 9.30 26.80 32.90 23. 70 21.80 13.55 9.90 12.30 11,20 7.30
6 6.10 9.30 9.60 25.10 31.70 25.70 21.60 13 35 10.05 11.70 11.10 7.20
7 6.00 9.50 10.30 24.40 30.30 27.60 21,10 13.00 10.05 11.20 11,00 7.0.5
8 6.10 10.20 10.70 23 00 28. 90 28. 40 20.50 12.70 9.80 11,00 10,85 6.80
9 6. 15 10. 40 10.00 22.30 27, 70 28,50 21.20 12 20 9.60 10,76 10.70 n. (10
10 5.90 10.60 11.40 22.20 27.20 27.80 23. 00 11.05 9. 60 10. 45 10.70 O. 60
11 5. 80 11.10 11.80 23.10 20.90 26.90 25, 40 11. 50 9.60 10.20 10. 66 B. r
12 5.80 11,55 12.20 23, 40 26.20 20.10 26.80 11.10 9.70 10.05 10,60 6.60
13 5.80 I11.00 12.90 23. 76 25.50 25,30 27. 35 10.76 9.60 10.00 10.40 0. 30
14 5. 76 12.10 13.10 23.70 24.00 a24,60 27. 30 10,55 9, 56 9.80 10,30 6,10
15 5.75 12. 40 13.00 23, 60 23.10 a 24, 20 26.60 11.20 9.60 9.70 10.20 5. 60
16 6.20 12,60 12,00 23.40 22.30 b 24.30 25.35 10 65 9, 35 9.00 10.00 5.00
17 6.30 12.30 12.80 23,30 21.70 a24.80 23.10 10.85 9.26 9.60 9.90 5.00
18 6.130 11.60 13,00 23,30 21.30 24.90 21.85 11,10 9.20 9.40 9,75 4.60
19 6.60 11.10 13.40 24,20 21.40 265.60 21.30 11.16 10.35 9.30 9.B0 4.000
20 6. 90 10.70 13.80 25, 40 21.80 25. 00 21,16 11.30 11.70 9.30 9,40 3. )
21 7.00 10,80 13,.0 25.10 21.70 24.80 20,80 12,30 12.50 9.30 9.30 3.650
22 8,20 10.80 14.00 24,00 21,20 265 00 20.30 13,20 13.20 9.20 9.10 3.40)
23 11.90 10.80 14. 30 24.20 20.70 25.10 19.20 13.20 , . 20 9.30 8.90 3.3(0
24 16.10 10. l45 16.70 25. 40 20.20 24. 70 18.60 13, 55 115,50 9.40 8.70 3.30
25 16.50 10.40 17.30 27.50 19.60 23.50 18.30 13,95 12.20 9.60 8.60 3.l;0
20 16. 20 10 50 22, 0 30.30 19.20 22. 60 18.20 13.75 11.80 9.70 8.40 3.90
27 1.670 10. 60 22,40 c:32, 40 18.80 21.70 18.00 13. 95 12.20 0.05 8.20 4.40
23 15.20 1). 2523. 10 c 33.80 18.60 21. 40 17,30 13 85 12. 8O 10,20 8. 10 4.80
29 14.20 10.70 2(;.f0 c34.70 18.90 21. 40 16. 50 13.10 12.00 10.50 7.90 4,80
30 13.30 ........ 27.60 35.20 18.90 22.20 15. 90 12.20 12. 80 10 90 7.80 3.20
31 12.20 ... ,27 .90........1960.. 16.30 11.50 ........ 11.30 ........ 3.00

O Reading changed one-half foot or more. S Changed less than one-half foot. c Interpolated-no reading.

1905.

[Gauge, 89.20 miles from Eads Bridge. Zero of gauge, 335.84 feet above Memphis datum plane. Gauge
rea( at 8 a. in.]

Day. Jan. Feb. Mar, Apr. May. Juno. July. Aug. Sept. Oct. Nov. Dec.

1 3.00 8.30 17.80 18.00 18.60 19.30 22.30 19.70 13. 00 10. 60 14.30 11. 60
2 3.00 8.50 19.10 18.60 18.70 19.00 22.60 20. r 13.20 15.70 13.90 12.20
3 3,10 8.80 19.40 19.10 18.10 18.80 22.70 21.10 13.10 15, 000 13.70 12. 30
4 4. 20 8. 20 10.40 18.90 17. 40 18.90 22.80 21.(6) 12.(G0 14.50 a13. 70 12.110

1 5. 00 7. 70 19.40' 18.70 101.00 19, 30 23, 20 21. 30 12.20 14,00 13.80 11.90
6 6.00 8.00 20.10 18.40 10.80 20.00 24.00 20.50 11.00 d3,70 14.20 11. 50
7 5. 00 n.10 19.60 18.00 15. 00 20.30 b 24. 30 19. 70 11. 80 13.30 14. 70 11.10
8 6.00 8.20 19.40 17.30 14.90 20.10 b'24. 60 18.90 11.80 12.80 1610 10.60
9 4.80 8.05 10.20 10.80 14.30 19.60 b 24. 40 18.10 11.80 12.40 16.20 10.00
10 4.60 7.80 18.80 10.30 13.70 19.00 b24,40 17.60 11.75 12.00 14.90 9.30
11 c.50 7,605 18.560 15. 90 13.40 18.00 b24,20 17:10 11.70 11.70 14. 60 8.70
12 4.30 7.30 18.30 15.70 13.60 18.30 b24.00W 1.80 11.76 11.50 14.40 8.30
13 3.60 8.20 17.80 16,60 13.80 18.60 b 24.30 10.20 12.60 11.30 14.30 8.10
14 3.60 8.10 17. 20 15.40 13, 90 19,40 b 24. 90 15.70 13, 40 11,00 14.30 8.00
15 4.00 8.00 16.40 15.30 14. 60 20.20 b26. 60 16,5 13.10 10.80 14.10 8.10
16 3.40 7.90 15. 40 15.10 15.90 20.70 b 25, 70 14.90 12. 60 10 60 13. 60 8. 1
17 2.70 7.90 14.80 16.30 17. 90 20.80 2G, 00 14.40 14.20 10.30 12.90 8.10
18 2.00 7.80 14. 60 16.40 19. 30 0.00 524. 10 14.00 17.50 10.30 12,40 8.10
19 2.60 7.80 14.30 16.30 19.90 20. 0 23 10 13.80 0 24. 10 12.80 12.00 8.05
20 4.40 7.70 14. 00 16.10 -20.30 19.A0 21.80 13.90 b 20.90g 18.00 12.00 8.16
21 5.70 7.60 13.80 14.90 21.10 20.40 23.10 14.36 b2g,90g 17.30 12.10 8.40
22 c7 70 7.76 13. 60 14. 70 20.70 20.70 22.00 14.60 b29.60 16,20 12.40 8. 40
23 c7 70 8. 0 14. 00 14. 60 19. 90 20.60 20.50 16.00 b29. 70 16.00 12.20 8. 40
24 c7,45 9.00 14.80 14,60 19.40 20.20 20.00 10.20 b28.O0 15.90 11.60 8.40
26 c7,45 10.00 16.5 0 15.00 19.00 20.35 19.80 18.30 b2B. G0 15. 70 11.20 8 40
20 C8,00 10.40 16.90 16.60 18.60 20.80 20.10 18.60 24.00 15.00 11.00 8.25
27 c7 60 11. 20 10. 20 16. 20 18.40 21.30 20.60 18.10 22. 40 16. 60 10.90 8.10
28 6.70 15.40 10. 60 16.90 18,30 21. 40 20.20 17.80 20.60 17.10 10.80 7.95
29 7.60 ........ 17.00 17. 60 18. 60 21.60 19.30 17.20 18.90 1(. 30 10.70 8.10
30 8.00.. 17. 60 18.00 1& 80 21. 75 18. 60 10.20 17.60 11i50 10.90 8.70
31 8.40 ........ 17.90 ........ 19.40 ........ 18.60 14.90.....0... 14.90 ........ 9.00

aClmanged less than one-half foot. b Reading changed on&-half foot or ruore. c Doubtful on account of Ice.
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Tabulated gauge readings at selected stations between Chain of Rocks and Cairo-Cont'd.
RED ROCK, MO.-Contlnued.

- 1906.

[Glauge, 89.20 mIles from Eads Bridge. Zero of gauge, 335.84 feet above MemphIs dattum plane. Gauge
read at 8 a. mn.]

1)ay.I Jan. Feb. Mar. Apr.

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
218
29
30
31

11.70
15.30
10.60
16.20
15.20
14. 10
13.00
11.70
10.8.5
.10.30
9,90
9,70
9.70
9,560
9.25
9,40
9.70i3. 40
13.80
14.30
15. 40
15, 00
15.20
15. 10
14. 00
14, &
15.00

15. 40
15.80
15. 90
15.560
14. 00
13.80
13.20
12.50
11.60
11.00
10.60
10,20
10,00
10,00
10.50o
10.50
10.50i
10.50
10.00
10.80
11, 10
11.50o
11.70
12.70
15. 40
17. 60
19.60
20.70

21.50
22.40
23,00
23.00
22, 10
21.20
20, '0
10.80
19.50
19. 40
19.20
18.90
18.00
18.30
17.90
17.30
16. 80
10. 10
15.80
16. 10
14.50
14.30
13,90
13.80
13.80
14. 40
10.30
19.70
22.50
24. 10

a 25. 50

20.90
20.60
20,30
25.80
26, 40
25.560
25.30
25.00
25.30
25.40
25.30
25.00
24. 60
25, 10
26.20
20.70
20.30
25.70
25, 40
25. 10
23.00
23.50
23, 10
22.70
22, 30
22.00
21.80
21. 40
21. 30-
21.00

May.

20,'9020.80
20.70
20.70
20.70
20.50
20.00A
21. 40
21. 60
21,00
20.20
19. 60
19.00
18.560
18. 10
17.70
17.00
10.50
10.00
15.70
16.40
15, 10
14.80
14.70
14.50
14.40
14.30
14.20
14.20
14. 30
14. 20

Juine. July.

14.70
15.20
15,90
10,30

17.20
17. 30
17.00
18.80
19. 10
19, 40
19, 40
19, 10
18.70
18.50O
18,40
18,10
17.90
17.80
17.90
18.30
19,00
19.70
20, 30
20.70
20.70
19.90
19.20
10.20.
19. 40

10,2'0
19.30
19. 40
19.30
19.00
18.70
18. 40
18,00
17.70
17. 10
10.70
10.30
10.20
15.80
15.560
15.35
15.00
14.86
14. 60
.14.10
13.90
13 80
13,80
14.20
15.00O
15. 35

a14. 70
14.20
13. 60
13.00

Aug. Sept. Oct. Nov. Dec.

12.6~012,30
12.20
12. 40
12.30
12.00
11.90
12. 60
12.60
12,30
12,4.5
12.70
12.80
13.20
13.80
14.20)
14.20
13,85
13, 40
13.00
13.00
13.20
12,90
12.60
12.20
11.85
12.1%)
13. 50
14. 20
13,70)
12.90

'52.400
11.60
11.50
11.30
11,0010,9go
10.80
10.80
10,80o
10.80
10,80
11.00
10.80
10.75
10.015
10.50
10.50
10, 45
10.60
10,80
10.75
10.70
10,70
11,20
12,10
12, 10
12.80
13.20
13. 60

13.55
13.60()
13. 955
14,05
13.00
13.50
12.70
12. 10
11.70
11.30
11.00
10.70
10. 40
10.20
10. 10
9.90
0.75
90 5
9,0:
9.25
9.15
9.10
9.00(
8.90
8.80
8.604
8.50
8.30
8.20
8.20
8.20

8.250
8.95
9.25
9. 40
9.50
0.50
9.60
0.75
9. 80

10.00
10.05
10.05b
10.05
10. 10
10.20
10.40
10.40
10.50
11,80
13.30
12.90
12. 00
12.20
11.90

11. 40
11. 40
11.30

11.20
11. 10
11.20
11. 40
11.50
11. 80
12. 10
12. 40
12.40
12.20
11.90
11.60
11.40
11.20
11,50
11.20
10.80
10.50
10. 10
0.560
9.05
8.90
8.60
8.30
7655
7.00
6,05
0.30
0.10
0.40
7. 70

a Read ing changed one-half foot or more.

1907.

[Gauge, 89.20 mIles from Eads Bridge, Zero of gauge, 335.84 feet above Memphis datum plane. Gauge
rcadl at 8 a, mn.)

Mar. IApr. IMay.

16.8

15.5

15.2

15.0

14.-8
14.0

14.2

14.0

14.2

10.0

17.9

19.2

19.0

18.9

18. 4

18.2

17.9

18.0

18.2

17.0

16.9

16. 4

10. 1

16.0

16.8

15.7

15.8

16. 4

10.8

17. 4

17.75

17.75

17.5

17.4
17.4

17.2

17.1

17.1

17.3

17.3

17.7

18.0

19.0

18. 8

18.6

18.0

18.0

10.0

10.56
20.0

20.2

20.1

20.3

20.2

10.8

10.3

18.7

18.2

18.3

10.0

10,4

190,4
19.2

18.9

18.0

18.0

19.55

20.3

20.0

20.1

19.2

18.2

18.2

18.2

20.0

21,4

21. 'Y
20.9

10.0

19.2
a 17.9

17.1

10.5

15.09
15.3

15.2

15.7

16.9

15.8

June.

10.0

16.8
17.2

a 17.0

10.9

21, 4

21.7

21.0

21.0

20.9

21.1

21.3

22.3

2.3. 1

23. 45

23.6

241.0
23.2

22.5

21.7

21.2

20.0

20.0

20.5

21. 2

22.0

23.2

24.0
a 24.2

23.9

July. IAug. Sept~., Oot.

23.51
23.0
22. 4

22,0

21.2

20.56
19.0

9

20.1

20.2

20.2

20.2

20.2

20.3

20.9

21.3

21.6

22.4

23.0

24.3

a024.8
a 25.3

a025.8
a20. 4

a 27.0
a 27.3

a 27. 2

a020.8
a 20.56
a 20. 1

a 26.0

a 25.8

a 25.2

23.9

22.7

21.8
b 21, 1

I20.0
20.3

20.1

20,0

10.8

10.3

18.8

18.5

18. 2

17.8

17.8

17. 4

17.2

17.7

18,4

18.5

10.0

10. 1

18.7

18.5

18.0

17. 4

10.3

15.5

15.4

14.9

14.8

14. b
14.7

14.6

14.5

13. 4

13.0

'12.0
12,3

12.1
11.0

11.7

11.5

11.2

11.0

10.8

10.'0
10. 4

10.0

10. 8

11.0

11.1

11.2

11.3

11.4

11.
11.35

5

11.8

12.4

12,7

13.- 1

13.15

13.45

13.7

13.8

13.9

13.75

13. 4

13.0

12.0

12.3

12.0

11.7

11. 4

11.2

11.0

.10. 75

10.55

10.4

10.3

10.2

10.0

9.8

9.7

Nov. Deco.

0.0

9,5

0. 4

9. 4

9.3

9.25

9.25

9.2

9.1

9.05

8.95

8.8

8. 75

8. 75

8.7

8.7

8.7

8.7

8.85

8.9

8.85

8.8

8.75

8.7

8.05

8.75

8.8

8.8

8.8

8.8

8.7

8.6

8.5

8. 4

8.31
8.2

8. 1

8.0

8. 1

7,9

7.8

7.8

7.8

7.8

7.85

8.0

8.05

8.1

8. 1

7,9

8.0

8. 4

8.4

8.3

8.3

8.35

8. 4

8.4

8. 1

a ReadIn~g changed one-half foot or more.

Day.

1
2
3
4
5
0
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31

Feb.

18.5

18.1

17.5

10.8

15.7

15.0

14.0

12.9

11.7

11.1

10.7

10. 5

10.8

11.3

12. 1

13.0

13.0

12.8

13.1

13.5

13.35

13.0

13. 1

13.7

14.7

15.6

10.1

16.1

Jan.

8,0
8,3

10.56
11.4
11.6
11.8
12.4
12.7
12.9
12.7
12.65
12. 55
12.3
12.4
12,9
13.0
14.1
15.3
18.3
20.4
23.7

a 25.8
a026.4
a 20.8
a 20.3
a 25. 1
a 2,3. 8
22. 4
21.0
19.9
19. I

b Changed lew than oue-lialf foot,
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Tabulated gauge reading at selected stalions between Chain of Rock., and Cairo--Coiit'd.
RED ROCK, MO.--Continued.

1908.
(Gauge, 89.20 miles from Ead Bridge. Zero of gauge 335.84 feet above Meanphis datum plane. Gauge

read at 8. a. in.]
[Gauge discontinued after Jan. 31, 1908.]

Feb. Mar. Apr.

.... . . . .. . . . . .

.... . . . .. . . . . .

...... . . . . . . . .

.... . . . .. . . . . .

May. June.

30. 30

30. 35

:3o. 46

30.

30. 50

30. (A0
310. 90
31.30

31.

32. .10

33. 20

33. 90

34. .10

34.80

36. (Xl

35.00
34. 90

34. 70

34. 40

34. 10

33. 7.5

July. Aug. Sept.

........ ........ ........

...... ........ ........

........ ..... :: . ........

........ .....

........ ........ ........

........ ........ ........

..........

.... ........ ........

........ ........ ........

........ ........ .......

........ ........

........ ....

........ ........ ........

........ ...... I . ........

........ ........ ........

.. ........ ........

........ ........ . I ......

........ .....

........ ........

Oct. Nov. Dec.

........ ........ ..

........ ........ .......

........ ........ .......

........ ........ .......

........ ........ .......

........ .......

..... .. .. ....

... .......

........ .. .

........ ........

........ .... .. .......

........ ........

........ ...

..... .......

..................

GRAND TOWER, ILL.
181)4.

[Gauge, 103.30 miles from Hads Bridge. Zero of gaugeo, 329.04 feet above Memphis datum plane. 0auge
read at 4 p). in.]

Day. Jan. Feb. Mar, Apr. May. June. July. Aug. Sept. Oct. Nov. D~ee,

1 17.0 6.6 8.3 9.0 12,2 26,1.........................
2 16.7 6. 4 8.7 8.6 13.0 24.4 ................
3 13.9 6.06 9,2 8.1 13.2 24.0........
4 12.6 7.1 9.2 7.8 13.0 24.4........
6 11.2 7.8 9.0 7.4 a 13,2 244........
6 9,9 8.1 8.7 7.1 13.2 24,3. ...

7 9.6 8,2 8.6 6.7 13,2 24,2 .::: .... ........

'-8.9 8.2 8.2 6.0 13,2 23.8 ..... ........ ........ ...

9 8.4 8.2 7,9 0.6 '13,4 23.4 ..... ........ ........ ...

10 7. 7 8,1 7.0 0.65 13.6 23.0....
11 7.2 8.0 7.4 7.0 13,8 22.8....I.................
12 0.7 7.9 7.3 10.4 13.9 22.4.....
13 0.4 7.8 7.1 11.2 13.8 21.8 .. .. .......

14 0.2 9.1 0.9 12.7 13.8 20.0........................

16 6.4 10.7 6,8 @12.65 13.6 19.2 .. ...........
16 6.4 11.7 6.6 12.1 13.3 18.0 .........,.
17 6.4 11.1 0.6 11.8 13.3 10.9 .. .... ...........
18 6.65 10.8 (1.2 11.4 13.2 10.8.....' .....

19 6.3 10.2 (1.2 11.1 13.8 17.8.............
20 6.3 9.7 5.8 10.7 17.7 18.0 t... ........ ... .... ...

21 6.06 9.0 5.06 10.2 21.0 18.0........................

22 6.8 8.3 0.0 10.0 23.1 17.8 ..........................
23 0.0 7.2 7.2 9.8 24.0 17.7 ..................
24 0.4 6.6 7.6 9.0 24.8 17.2.......
26 0.0 6.2 7.0 9.4 25. 6 10.6.......
20 6.7 0.1 I8,1 9. 4 20,2 10.4....................

27 6.6 6,4 I8.7 9.0 20.8 10,2 ............ ........

28 6.6 6.9 8.9 9.8 b 27.2 10.6...............29 6.65 7.9 8,3 10.6 b 27.4 17.0....::: :::'
30 6.6.... 3.6 11.4 b 26.9 17.2 ............. ::" ::: : ::
31 6.6. .8.8......20.0................. .....

Day.

1
2
3
4
6
6
7
a
9
10
11
12
13
14
16
10
17
18
19
20
21
22
23
24
26
26
27
28
29

' 30
31

Jan.

& 10
& 10
8.0,5
8.0.5
8. 00
7.90
7.8,5
7.86
7. 76
7.M
7. 55
8. 00
9.00
0.30
9. 50
9.00
8 75
& 40
8.05
7. 76
7.60
7. 40
7. 20
7, I')
7. 70
7, 80
7. PO
7. (X)
7. 70
7. .0(
7. 20

a Rftdtng changed on6-bslf foot or mote. b Interpolated--no readinx
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Tabulate gauge reading. a! aclected 8tatiorna between Chain of Rock. and Cairo-Cont'd.
GRAND TOWER, ILL.-Continued..

1896.

(0auge, 103.30 miles from Ends BrIdge. Zero of gauge, 320.04 feet above Memphis datumn plane. Gauge
rend at 6 a. in.]

Day. Jan. Feb. Mfar. Apr.

I.................
2 .................
3 ..................
4 ..................
6 ..................
6 ..................
7 .............

13.... ~ ~ . . ....

17 . . . . . . . . . . . . . . . .

1t . ...8. . . . . . . . .I '12 ..................
20............. -'

21..............I....

22 ................. .

16 .. . .... . . .. . . . . . . .

176.............2s6..........I.....
27 ..................218.................
22)......... ........

230................
3.1.............

June. IJuly.

10.90
"10.80
10.80
17.00
17. 10
17. 30
17. 40
10. 90
10.00
10. 70
10. 80
16. 20
16. 40
16. 00
14. 60
13.80
13.20
12. 90

19. 70
20. 70
19.70
18.00
17.00
16. 00
16.600
14, 90

Aug.

14.10
13.70
13.60
13.70
13.9014,20
14.30
14.30
14. 00
13.7013:60
13.00
12.00
12. 30
12, 10
I1, 00
11. 40
10.90
10. 00
10. 30
10.00
11. 30
11.90
12.40
12.40
11.90
11.00
11,40
10.90
10.40
10.00

Sept.

9.00
9.20
8. 90

8,20
8.00
7.80
7.60
7.20
7.10

0.80

0. 60
6. 40
0,70
6. 50
7.00
7. 40
8.10
8.70
9. 00
10,30
10. 40
10.00
9.70
9,650
9.20
8.90o

Oct.

8.60
8.10
7.80
1.60
7.20

a87.00
0. 90

a 6.80
6. 00
6.60
6.00
0.00
6.00
6. 00
.6.00

6.70
6.90
7.00
6.80
0. 00
6.40
6.30
6.20
6.10
6. 90
5.80o
0. 00
6.00
0.00
6.60o
6.40

Nov.

6.40
6.40
6.40
6.70
6.60
7.10
8. 20:
9,00
9.20
8,90
8,650
8. 10
7.90
7.70
7.60
7.30
7.20
7. 20

a 7.20
7.20
7. 20
7. 20
7.10
7.00
6.9
6.80
6.90o
7.00o
7.00
6.80

Dec.

6.80
6.70
6.00
6.00
6.00

6.30
6.00
5.70
6.60o
6.30
6.20
6.20
5.30
5.40
6.60
6.80
6.10
6,80
7,30
7.70
7.80
7.80
7.70
7. 00
7. 60
7. 40
7.20
7.00
6.90
6.80

* Changed less than one-half foot.

1897.

(Gauge, 103.30 mIles, from Ends Bridge. Zero of gauge, 329.04 feet above Memphis
read at.8 a. in.]

datum plane. Gauge

May. June. July.

15. 60

14.90
14. 40

14. 70

16.00

10.00

15.20

14.80

14.40
14. 30

14.30

14. 60
a14. 70

14. 40

14. 70

16. 40

16.

10.00k
10.20

17.00

17. 30

17.

18.00

20..10
20.00

19. 70

19.90%
20.30

20. 10

19. 30'
19.00,

18.80

18.90

18.600
17.600
17.00

16.30,
1.6.00
14.90

14.60

14. 10
14.00

14. 30

14. 20

13. 00

13. 20

12.90

12. 80

13. 40

16.00

b10. 30

10. 60

16.80

14. 70

Aug.

13. 60
13.20
13.00
12.70
12.650
12. 10
11.90
12. 10
12.20
11,80
11,00
11.40
'11.30
11.20
11. 20
11. 10
11,00
10.80
10. 70
10. 00
10.40
10.20
10. 10
9,90
0.00
9.30
0.10
8.80
8.00

Sept.

8.40
8.20

7.750
7. 40
7,30
7. 20
7.20
7.20
7,10
7.00
6.90
6.70
6.60
6. 60
el.20
6.10
6.00
6.00
0.00

6.90
6.90
0,10
6.20
0.20
0.10
0.00

Oct.

5.90
6.90
6.00
6.80
6.80o
6.70
5.70
6.00

6.60
&5.0
6.40
6.40
6.40
6.30
5,20
6.20
6.20
5.10
5.10
6.10
5.10
6. 10
5.00
6.00
4,90
4.90
4.90
6.00
6.00
6.00
6.00

& Reading chaiwged one-half foot or more.

Day. Jan.

1 6.70
2 6.70
3 6.00
4 0.10
6 19. 00
6 22.60
7 24.10
8 24. 30
9 22.90
10 20.60
11 18.10
12 16.70
13 13,00
14 12,60
16 11,650
10 10.90
17 10.600
18 10. 60
19 10. 00
20 11. 80
21 13. 40
22 13. 80
23 14. 20
24 14.30O
25 "114. 00
20 13, 40
27 12. 60
28 11. 20
29 10.30
30 9.40
31 8. 20

Feb.

7. 30
6.80

6.650
6.80
7.60
8.10
8.30
8.70
9.20

10. 10
11.'0011. 40
11.30
12.20
12. 30
12.80-
13.00
12.70
12. 40
12. 10
12.60
13I. I(A)
14.00

14. 1K)

Mar,

~14. 20
13. 40
13. 60
13. 40
15.20
18.60
22.00
23. 30
23. 40
23.30
22.00
22.00
21.30
21.00

b20. 40
19.60
10. 10
19(0
20.6(A
210.00
10. 70
20.60
20, 70
20. 80
2 1.01X)
21. 10
21. (X)
22. IX)
'23.3:0(
23. 20
22. Sf)

Apr.

23. 40
26. 10
26. 60
27.00
27. 70
27.600
27.40
27. 60
28.00
28,10
28. 60
28. 70
28. 70
28.10
27. 00
20.90
20.30
26.90
26.80
26. 60
26.20
26. 40
26. 00
26. 70
26. 70
26. 70
26, 10
26.00
26. 60
20. 20

27.00

27.60

27.90
28.00

27. 70
27.30
20. 60

26,

24.600
23. 70

2~2.80
22.60O
21.650
20. 70

20.00

10.30

80

18.20

17. 00

17. 10

10.00X
10. 10

16. 80

16. 60

15, 20

16. 10

6.40

16. 60
16.

I16.
16. 80

Nov.

5.10
6.20
5.20
5.20
5.10
6.30
070

5.80
5.80

65 80
680
5.680'
5.90
5.70
5.40
6.30
&.30
6.40
5.40
6.40
5.40
5.40

Dec,

0.40
5..30
5.20
5.00
4.80
4.30
4.00o
3.00
3.20
2.90
3.00
3.00
3.00
3.30
3.60
3.80
4.10
4.00
3. 00
2.90
2.80
2.80
2.00
2.20
2.30
2.30
2.600
3.20N
3.80
4.20

........ .....

........ ........

........ ........

. . . . . . . . . . . . . . . .

" .11.vi 011111 Olaf foot.

........I



190 WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

Tabulated gauge readIings at 8etecteds.tations between Chain of Rocks and Cairo-Cont'd.
GRAND TOWER, ILL.-Contlnued.
-- 1898.

[Qauge, 103.30 miles from Eads Bridge. Zero of gaugo, 329.04 feet above Memphis datum plane. Gaug
rea(1 at 8 a. in.]

Fob. IMar. IApr. IMay. IJune.

8.3

7.0

7. 4

6. 7

8

5,8

5

5. 4

5

5.8

6. 5

6. 5

0.7

8.0

9, 4

9.8

10. 0

10.

10.2

12. 2

12. 5

12.0

11,2

10,6

10. 2

9.7

9.3

9, 1

8.9

8.7

8.56
8. 4

8,2

8. 1

8.0

7.9

8. 5

12,2

15.9

17,60
17.9

18.0

18.0

18.0

18.4

19.3

21.8

24.7

25.0
24.9

24. 0

25. 1

24. 6

24. 4

24. 5

24. 4

23.8

21.

20. 8

19. 9

19.5

19. 5

19. 1

a18.79
18.0

17.56
17.0

10.9

17.0

17.0
10.5

15.3
14. 8

14. 4

13.9

13. 7

13. 4

13. 6

14.0

16.9

16.3

15.5

16.0

15. 1

10.4

18.8

20.0

20.7

20.

20.0

19.7

10.0
a 18,4

17.7

10.9

16.8

16, 2

16.56
18.0

20.8

21. 4

21.7

22. 4

24.2

25.0

24.9

24. 1

23. 4

22.0

21.5

21. 1

20.3

a Changed less than one-half foot.

19.6

18.,9
18. 7

19.0

19,5

10:8
20.0

19.0

18.8

18.3

18,2

18,7
19.7

20. 6

21. 1

21,3

22.0

23.0

23.3
22.9

22,2

21. 1

20.0

19.2

18. 1

18.2

18,9

19.0

20.

21.0

July. IAug. ISept.

a21. 1
21.2

21, 1

20.

19.8

19.0

18.7

19.3

21, 1

21.0

20.8

20. 4

1901
18.56
17.5

10. 6

15.7

14.8

-14.0

13.6

12.9

12.7
12,5

12.0

11.60
5

11.0

11.7
11.8

5

11.8

4

1?2.2
12.3,

113, 5

12.9

12.2

12. 1

12. 2

11.5

11. 3

10.83
103

10.0

10.10.21
10. 2

10.0

9.8

9.7
10.0

8

I1.
10.6

9,9

9,3

0.0

8. 7

8. 4

8.3

8. 1

7.9

7.6

7.3

7.0

6.9

6.8

6.7

6,0

6.7

7.2

7.9

8.9

0. 5

9.3

9.0

8.60
8. 4

9,3

10.1

11.0

10.0

10. 1

9. 4

8.9

9.0

9.

9, 4

9,3

9.0

8. 5

Oct.

8.2
8.0
7.5
7.11
0.9
6.8
6. 6
6.3
6. 1
5.0
5.8
5.7
5,8
6.3
0.3
6.0
5.7
5. 4
5,3
5. 6
0. 4
7.9
9, 5
10.3
10. 5
10.2
9.6
9.0
8. 8
0.0
10.3

Nov.

10. 2

9.8

9.0

& 4

7.9

7.5

7.3
7.3

7. 7

7.8

7.9

8.3

8.65
8.65
8.2

8.0

7.7

7. 4

7. 1

7.0

6.8

6.8

6.8

9

7. 4

8.0

9.0

9.56
9.0

8.2

b Reading changed one-half foot or more.

1899.

[Gauge, 103.30 miles from Eads Bridge. Zero of gauge, 329.04 feet above Memphis datum plane. Gauge
read at 8a. in.]

Day. I Jan, ILFe.

2

3

65
7

8

9

10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

28

29

31

7.2

6. 5

6. 5

6.2

6.4

.6.2

7.2

7.9

7.5

7..3
7,5

7.0

7.56
7.3

7.3

7.2

7. 1

0.9

7.0

0.8

0.7
6. 4

6.2

6.8

3.6

3. 1

3. 1

3,3

3.7

4.1I
5.0

4.9

4.6

4. 3

5,0

6.0

6.2

6,5

6.3

0.2

1

6.2

0.3

6.3

7.0

9

6.2

5,41
4. 7

7, 3

9.2

11.8

Mar.

14. 7
a 15. 7

15. 3

14.60
14. 3

13. 9

13.56
13.4

13.0

12. 4

12. 2

12. 4

12. 6

12.5

12.9

13. 0

15. 3

10.29
17. 5

18. 6

19. 3

19.2

18. 7

18.3

17.6

10. 1

15.4

14.7

14.0

Apr. May.

13.7

13.8

13.6

13.2

13. 1

13.4

13.9

14.2

14.0

13.8

13.9
14.0

14.8

16.0

15.9

15,3

14.9

14.7

14.6

14.7
15.3

10, 1

17. 1

20.0

22.1

23,2

23.5

23.7

23.5

23.3

23.4

23.4

23.'3
23.0

21.8

20.7
b 19.8

19.3
18.8

18.7

19.83
19.8

20. 4

20.6

20.7

20.5

20.0
19.4,
18.9

18.1

17.9

18.4

109.2
20.7

21.7

2'2.

23.0

22.9

22. 4

21.9

21.4

June.

21.3

21.3
21.6

22.0

22.2

22,3

22.3

22. 1

21. 5

21,3

21.3

21.2

21.5

22.4

22.8

22,4

21, 5

21.0
21.0

20.9

20.8

20. 0

20.2

19.8

19. 1

18.7

-18.56
18.0

18.8

19.0

July.

19.2
b 19. 2
10.2

20. 1

20.0

20.8

21.0

21.2

21.1
21.1

21.56
21.0

21.4

20.9

20.3

19.8

19.'3
19.1

19.0

18.8

18.4

17.8

17.3

16.9

10.5

15.9

15.4

14.9

14.8

14.2

Aug. Sept. Oct. Nov.

14.1
14.0
14.0
13.9

13.06
13. 4

13. 4

13. 1

12. 8

13.0

14. 1

15. 0

15.2

15.0

14.7
14.4

13.8

13. 1

12.6

12.2

9

11.6

11.3

10.8

10.56
10.1

09.
9.7

9.56
9.4

9.2

9. I
9. 1

9. 1

9.0

9

8.

8.5

8.3

8.3

8. 4

8. 5

8. 5

8.4

b8. 3

8.2

8.2

8.2

8.3

8.4

8.2

8.0

7.9

7.8

7.6

7.5

7. 4

7.3
7.2

7.2

7. 1
9

6.8

6.8

6.7

6.0

6.3

6.2

6.2

6.2

6. 1

0.0
0.0

6.9

9

6.9

6.0

6.0

0.0

5,9
6.8

6.8

6.7

5.7
5.7

8

5.90
6.3

6.6

6.6

6.3
6.3
0.4

6.7

6.9

7.0
7.2

7.3
7.6
7.6

7.8

7.9

8.0

8.0

1

.8. 1

8.0

8.0

8.0
8.0

7.9

8.0

8. 1

8.2

8.3

8.0

7, 7

7.6

7.3

Dec.

7.3

7.1
7.0

6.9

6.8

6.8

6.8

6.7

6.6

6.6

6.6

6.5

6.56
6.6

6.6

6.2

6. 1

6.2

6.8

6.6

6.4

9

6.6

5.0

4.8

4. 4

4.0

3. 6

* ReadIng changed one-half foot or mOre. & Changed iou than

JIDay.

1

2

3

5

6

7

8

.0

.10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

26

261
27

28

29

130

31

3n.

3.9
4.0
4.0
4. 1
3.8
3.9
4. 1
4. 4
4.9
r5.2
5. 7
(J.5
7.56
8.2
8.9
8. 8
8. 4
8.2
7.8
8.2
8. 6
8. 0
9,7
0,8
9.0
0. 4
9, 4
9,5
0,7
9. 4
9.0

Dec.

7, 4
6.8
0. 1
5.9
5.6
5.3
5.0
4.9
4.8
4. 6
4.0
3. 4
3.3
2.9
3.0
2.7
3.2
4.2
4,56
6.6
4. 7
4. 9
6. 5
7. 1
8,0
9,0
10.2
10.3
10.11
9.7
9.3

b Chanpd Im than one-half foot.a Reading oh9aiged one-half foot or mom



WATERWAY, ST. LOUTS TO THE GULF AND CHICAGO. 191

Tabulated gauge readings at selected stations between Chain of Rocks and Cairo--Cont'd.
GRAND TOWVER, IL1.-Continued.

1900.
fGauge, 10.3.30 miles from Eads Bridge. Zero of gauge, 329.04 feet above Memphis da',.lm plane. Gauge

read at 8 a. in.

Day.

1
2
3
4
56
7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
26
26
27
28
29
30
31

Jan.

3.4
2.7
2.0
2.0
2.0
3.4
4.1
6.1
6.0
6.0
6.2
6.3
6.4
6.2
6. 2
6.2
6. 1
6. 1
6.2
6.8
7.6
8.7
8.65
7.9
7.6
7.3
7.3
7.2
7. 1
6.7
6.9

Feb. Mar.

6.1 9.0
4.5 8.4
3.1 8.1
3.5 8.3
3.6 8.4
3.3 9.6
3.4 12.0
4.0 10.2
6.6 17.9
7.2 18.2
9.0 18.7
9.6 19.7
9.1 20.5
8.9 21.4
8.8 21.7
8,3 21.9
8.1 22.0
7.8 21.7
7.4 21.1
7.1 20.3
7.0 10.3
7,6 18.4
8.9 17.8
10.0 17.4
10.9 17.0
10.5 10.5
9.9 10.2
9.4 16.7

........ 16. 3

........ l4,7
3.4..... 14.3

14.7

14.3

Apr.

13.8
13.6
13.9
14.0
14.0
14.2
111,5
15.0-
16.6
16.7
16.7
16.4
15.6
16.0
17.0
17.4
16.9
10.2
15.4
16..0
15.0
16.3

16.615.01615
16.9
16.9

16.2
........

May.

16.9
16.4
16. 1
16.2

16. 1
15.1
15,2

16.116. 1
16.1

15.916.1

16.6
14.8
14.2
14.1
14.0
14.0
14.0
14.0
14.0
14.0
13.8
13.5
13.2
12.9
12.9
13.4

Juno.

14.1
13.6
13.4
13.6
13.4
13.1
12.8
12.6
12.3
12.3
12.1
11.9
11.6
11.8
12,8
14.6
14.2
13.5
12.8
12,5
12.4
12.6
13.0
14.8
16.5
16.4
16. 2
14.9
14.3
13.6

I,......

July.

13.1
12.6
12.6
12.5
124. 4
12.4
12.3
12.1
11.7
11.:3
11.3I
11.1
11.1
11.0
10.9
10.6
10.6
10.8
10.7
10.4
10.6
10.1
10.8
11.8
12.8
13.0
:13.4)
13.6
13.1
12.7
12.3

Augg.

_ 12.1
11.8
11.4
11,0
10.8
10.3
0.9
0.5
9.1
8.8
8.6
8.2
7.0
7.6
7.4
7.2
7.0
7.0
6.9
7.4
8.0
9.6
9.0
10.0
10.0
10.0
9.9
9.8
9.8
9.7
9.6

Sept.

10.0
10.4
10.6
10.6
10.6
10.6
10.7
10.6
10.0
9.6
9.
8.5
8.2
8.0
7.8
7.7
7.6
7,4
7.4
7.4
7.6
8.0
8.3
8.6
8.6
8.9
8.8
0.0
9.7

........

Oct.

10.2'
10.7
11.1
11.8
12.8
13.0
12.8
12.6
12.6
12.8
12.9
12.3
11,7
11.1
10.8
10.6
10.4
10.4
10.4
10.41
10.5
10.8
11.1
1.5e

11.8
12.1
12.3
12.4
13.4
12.4
12.4

Nov.

12.7
12.7
12.3
11.9
11.8
12.0
12.3
12.8
13.4
13,4
13.1
12.8
12.6
12.4
12.3
12.0
11.9
11.8
12.0
12.0
12.1
12.1
12,3
12.7
12.6
12.5
12.5

12,3
12.0

........

Dec.

11.6
a 10.9
10.3
9,8
9.4
9.1
8.9

a8.6l
8.4
8.2
8.0
8.0
7.8
7.6
7.4
7.2
7.0
6.8
6.6
6.4
6.2
6.0
6.0
6.7
6.7
5.6
6.6
5..0
5.6
5.5
6.3

a Changed less tltan one-half foot.

1901.
(Gauge, 103.30 miles from Eads Bridge, Zero of gauge, 329.04 feet above Memphis datum plane. Gauge

rea(d at 8 a. in.)

Day. Jan. Feb. Mar. Apr. May. Juno. July, Aug. Sept. Oct. Nov. Dec.

1 5.10 (1.30 0.40 17.60 16.70 10.60 14.50 9.20 6.00 5.60 6.90 6.00
2 5. 10 0(X) . 0.20 17.80 16.40 10.40 14.00 9.20 6.00 6.40 6.90 6.00
,I '.0) 6.0 6.90 17.9X) 16.00 10. 40 13.00 9.30 6.80 5.30 6.80 6. 00
4 4.U0 6.8() 6.70 17.90 14.80 10.90 13.00 0.40 5.70 5.20 6.70 4.90
6 4.40 6.00 6.00 a 18.00 14,40 12.00 12.60 9.30 6.60 6. 10 6.00 4.80
6 4. 40 6,90 6.80 18,30 a014.20 12. 60 12.10 9. 20 6.40 5. 10 6.00 4.80
7 4. 20 6.8Y) 6.31) 18, 60 14.00 12.70 11 00I3 9.00 6.30 6. 10 6. 60 4. 70
8 4.00 6.90 6.00O 18,70 13.70 12.80 11,40 8.70 6.30 6.20 6.40 4.70
9 4.00 6.010 7.00 18.80 13. O 13.20 11.20 8 40 6.10 6.20 6.30 4.70
10 4.10 6.10 b8.5Q 19.30 13.30 13.30 11.30 8.20 6. 10 6.30 6.30 4.70
11 4.50 4.40 10. 40 20.20 13.10 13, 10 11.90 8.00 6. 10 6.40 6.30 4. 70
12 4.0x0 4.30 13. 40 20. ii) 12.90 12. 90 12.20 7.80 A. 10 5. 60 6.30 4.a0
13 6. (0 4. 610 10.10 20. 80 - 12.70. 12.80 11.80 7.70 6. 10 6. 60 6.40 4.00
14 (1. 60 a 4, 70 1(1, 90 21.2(1 12.60 12.80 11.30 7. 70 4,00 .6O 6. 60 6. 00
15 0.80 a 4, 70 17.10 21,10 12.40 12.90 11,10 7.60 4.90 6.60 6.40 5, 30
10 7.10 4. 81) 1(,80 21.00 12,20 13. 4) 10.90 7, 60 4,90 6. 40 6. 40 C4.90
17 7.10 4.90 10.00 20.90 12.00 13.90 10.80 7, 40 4. 80 5.40 6.40 c4.60
18 7.00 4,90 1O. 60 21.30 11.80 13.80 10.80 7.30 4.80 6.50 6.40 r4,0
19 7.00 6.00 1(6.40 21.80 11.70 13.50 10.80 7. 20 4.80 6,110 6.40 c3. UO
20 7.00 6.20 11.30 21.80 11.60 13.10 10.80 7.10) 4.90 5.80 5.30 3.00
21 0.90 6.40 111. 10 21.10 11.30 12. 10 10.80 7.00 6. 20 6.90 6.30 C2. 40
22 6.70 5.40 16(. 00 20. 30 11.00 12.80 11.20 (1.0 6.1)0 (1.10 6.30 c 2. 40
23 0640 6.20 16.30 19.60 10.90 12.0 11.4)40 1.) UO.70 0.10 5..30 '2. 40
24 6.060 5.10 17.20 19.00 10.70 13.00 11.00 0.80 0X.80 6.10) 5.30 2.560
25 6 (0. a C. 10 17.0 18.40 10.00 13. 70 10. 1.) 0. 0U.50 II.n1,) )5 3, 10
26 0.60 5.30) 18.00 17.80 10. 40 14.20 10.20 0. (oO.34) 6. 90 5.3') C3. 54
27 U. 60 f. R') 18.2"O 17. 20 10. UO 14. 40 10. (K)l. 50 0i.00 f.6)) 520 c5. 00
28 6.40 (1.20 18. 10 111. 10 I II;0n 70 6 .1(5.XO 5Xl,."2c4,20
29 U0 .........17.1K) Ill. -IU 11.10 14.80 0.50 (1.30 6.74) 6.80 5. 10 c4,50
3V (1. 30) ........ 17. 8() 10.,00 IO. 14.V.0 9.10 U. 20 6.0 5. )O 5.10 c 4:2031 (1.30..9.20 (1,|0 .IN) ........ c 4. 10

a Changed less lloin oue-hulilf oot . b Iiniltld olighlnged one-hnalf foot or imoro.
C I)onll)hfillfillnecolinI of Ice.



192 WATERWAY, ST. LOUTS TO THE GUIF AND CHICAGO.

Tabulated gaug1.e reading at elected stations between Chain of !?ock8 and Gairom-Cont'd.
GRAND TOWEH, 11A.,.-:.~ontltuod.

19021.

(Gauge, 103.30 mllos from Eads Bridge. Ztiro of gatigo. 329.01 foot nbove Momphis dlatum piano. (auigo
road( ut 8 a. tit.)

Day. Jam. Fob. Mar. Apr. May. i Juin, July. Aug. Sept. Oct. Nov. Dcc,

1 a"4.20 a2. 30 0. 70 11.30 9.20 10.90 20. 00 21.00 10.20 16.40 12.20 14. 30
2 a"4.20 a"2. 0( 6.40) 11.00 9.20 16,.70 21,10 21. 00 18. 80 16. 70 11. 90 14. 40

a4.30 "2.60 7.10 12.10 9. 20 I 16.60I 21.80 20.60 18. 60 16,60 11. 60 1. 50
4 a 4.40 a2.3:0 7. 20 12.60) 10.401 17. 50 22. 00 19, 60 18.00 16. 80 11.20 14,00
S a"4.0W a1. 70 7.900 12. 30 11.40j 18.10 22.21) -18.90 18.30 1(6.40 11.00 13. 70
6 a 3. 80 a"1, 80 8.20 12. 10 11.20 18. 00 22.00 18.60 18.70 16. 90 10.80 13. 70
7 a3,70 a02. 30 8.00 12. 00 10:60 17.90 21.40 18.10 18.40 17.30 10.90 13.70
8 a39 "o a2. 60 7. 70 12.60 9. 90 17.60 21. 00 18.00 17. 70 18.00 11. 30 13.70
9 a"4.00 a"2,80 8.10 12. 70 9,20 17.90 20.50 17. 80 16. 80 18.70 1 1.650 14. 00
10 4. 00 "2. 90 9,00 12.900 8. 80 10.70 20.10 17. 40 10.00 19, 20 11. 80 13. 80
11 4.2(0 "3. 10 O( 90 11.,0 9. 00 10.80 20.30 17. 00 16, 20 19. 00 12.40 13.20
12 4. 30 n3.10O 10.00 11.20 9, 80 17.40 190.90 10. 70 14. 70 18.60 12.60 12,60
13 4. 30 a3.30 9.900 10,80 10.70 18.10 19. 80 10.20 14. 30 17. 80 12.60 12,21)
14 4.10 a"3. 30 10.30 10.60 11. 20 18.20 20.40 16.900 13.80 17.10 12.00 12. 60
16 .3.70 "4. 20 11..40 10.10 11.,70 18.40 21, 40 16.70 13. 30 10.40 11,~70 12.90o
16 3.40 a"4.10 12.20 9. 90 11.,70 19,~10 22, 20 16.60 12.80 16. 80 11.60 13.10
17 3.61) a4. 10 13.00o 9. 70 11. 70 19.20 22.80 14. 80 12.30 16.30 11,30 '12.60
18 3. 70 a"4. 20 13.60o 9. 40 11.,00 19.00 23. 20 14.1.60 12. 30 16. 00 11. 20 11. 70
19 3.9"oa4. 30 13. 30 9.30 11.650 18.70 23,650 14. 70 11. 80 16.00 11. 30 11.500
20 3.9go 4.20 12. 80 9.30 11.60O 18.650 23.80 14.90 11. 30 15.10 12.00 1 1. 0
21 a"4.30 12. 20 9.20 12. 00 18.20; 23.70 1b:.20 11.00 16.30 12.90 12.11)
22 a"4. 20 11. 30 8. 90 12.10 17.80 23.60 10,.20 10.60 16.60 13.60 12.40
23 a"4.20 10.600 8.60 11. 80 17. 60 23.650 10. 90 10. 30 16.900 13.70 13.900
24 a"4. 00 10.10 8.60 1.060 17. 30 23.70 17.20 10.00 10. 30 13.70 13.60
25 1 "4. 00 9. 80 9. 30 - 12. 00 17. 30 24.00 17. 20 9.90 10. 20 13. 60 14.10
26 b a"3. 70 9.60 9.060 13. 00 17.30 24.120 17.30H 10.30 10.00 13.650 14. 70
27 b a3.70 9.10 9.10 13. 40 17.10 24.30 17.650 12. 00 16. 80 13.40 14.80
28 8 "7.00 9.650 8.70 14.00 17.40 24.00 18.00 13.00 16. 00 13.40 14-. 50
29 1 1....I1. 30 8.80 15.060 18. 20 23. 0) 18.40 13.70 14. 20 13.70 13.910
30 6 .....11,10 8.70 17.10 19.60 23.00 19.00 14.60 13.30 14.00U 13.20
31 ..... 11. 40 .....17.40 .... 2. .30 19.30 .....12.80 .1.... .30

aDoubttu.1 on amount of ioo. b observer reports gauige rec-ords destroyed by flre.

1903.

(Gauge, 103.30 miles from Eads Bridge. Zero of gauge, 329.04 feet above Memphis datum plane. Gauge
r('adIat 8 a. mj,

Day. Jan. Feb. Mar, Apr, May. June. July, Aug. Sept. Oct. Nov. D~eo,

1 11.20 11.90 14. 40 19.40 18,40 23.30 20.40 17.80 17.00 17.10 16.80 0.20
2 10.650 11.80 16.00 19.00 18.00 24.90 20.40 17.30 17,00Q 17.20 16.70 9.00
3 10.10 11.40 16, 40 18.90 17.80 211.40 20.20 10.70 18.90 17.10~ 16.60 8.90
4 10.00 11:60 16.70 18.00W 17.60 27.00 19.70 10.30 19.40 17.20 15,40 8.00
6 10,20 12.80 17.40 18.60 17,20 28.60 19.20 10.60O 19.60 17. 40 16.20 8.40
6 10.60 15.50 18.20 18,90 16.90 20.60 181.70 10.10 19.20 17.50 16,00 8.10
7 10.70 10.30 18. 60 19.90 10,70 30.40 18.01QI6.60 18.00 17.70 16.00 8.00X
8 10.40 16.60 19.0(0 20.60 10,60 .31,~30 17.70 1o.1,90 18.00 18.20 16.20 7.90k

9 10.00 16.10 21. 40 20.00 10,40 31.90 1710 1.0 1,0 18.60 16.50 7.00
10 10.4Q, 14. 40 23.30 20.20 16.40 32.20 17.60 17.10 17.00 19.60 16.060 7. 70
11 10.1013.00 24.20 19.90 16.60 32.70 17~.00 17,20 17.20 20.40 16.30 7. 40
12 9.060 13.00 24.00 19.90 10. 40 33.20 17.060 17.30 17.20 21,00 1&,10 7,20
18 8.90 12.80 24. 10 20.90 10.20 33. 70 a"17.30 17,20 18.30 21. 00' 14.80 7.10o
14 8.60 13.00 23.80 21.70 10.10 33. 80 10.90 17'. 40 19 440 :20.70 14.6(O 66.90.)
1, 7,90 13.40 23. 40 22.00 16.00 33,'70 10.80 171.30l 19.90 20.40 14.00 bs,5.90

16 7.60 13.90 23.40 22.30 16.80 33.20 17.00 17.060 20.00 20.00 13.70 b&51.N)
17 7.60 13.30 23.40 22,30 16.70 32.30 17.40 17.70 20.40 19.70 13. 40 b65.00
18 7.70 12.80 22.70 22.30 1(1.80 31.40 18.10 17,40 20.00 19.10' 13.20 64.70
19 8.30 11,70 22.80 22.60 18.00 29.00 19.00 17. 40 20.20 18. 00 12.80 64.70
20 8.80 11.00 22.80 22.60 19.60O 28.00 19.30 17, 70 20.00 18. 29 1.0 .6.40)
21 9.10 10.00 22,060 22.00 19.80 27.00 19.10 17.70 20.00 17.8 112.10 1 .5.70
22 9.30 10.30 2.3.00 21,80 19.60 26.90 18.70 17. 70 19.600 17. 40 11.80 1 .6,0
23 9.00 10.40 23.30 21,80 19.30 26.30 18.00 17.80 18.90 17.00 11.00 1.6.31)
24 8,90 10. 40 23.10 21.60 19.00 24.650 18.00 17.60 18,30 10.70 11.30 0.50A
26 8.80 10.00 22,70 21.00 19.00 24.10 18.80 10.90 17.00O 10.650 11. 10 0.90
26 8.70 10.70 22.40 20. 60 19.30 23.70 19. 10 ,1(1.40 17. 10 16.,40 10.80 7.31)
27 8.650 11.00 212.0) 20.00X 20. 40 23.40 19.7( 1 a"10. 30 10.80 16.30 jfl.50 7.60O
28 8. 80 12.10 21.4(0 19.70 21.1)0 22.60 19.80 1(1 .1()0 I 61.70 10.20 (0 10 7. 20
29 10.10......20.80 19.10 22.30 21. 70 10. 30 161 90 10.80 1(1. 0O 9.80 7. 21
30 11.70 ......20.10 18.80 22.40 20.90 18. 80 I11:90X 17.00 10.00 9650 7.30
31 11.90 .....19.00 .....22.00 ..... 18.'301 10.00..... 16.80 .....I 7. 50

6 Doubtful on scoount of lot.a Changed low thin one-half foot.



WATERWAY, sT LOUIs 'ro)t1)(TIGUJL AND) C11 l(A(0. 1'93

Tabulaftarl gau/e re(adings (t seletc/l stations lbeltvren Ch/ain o'f,lc/ks and Cairo --C'1 '1d.
0IMAND) '1'(T VR, 1IL,.-('outlinued,

f(anuge, 13.30 miles fromsi Eads Blrldge. Zero of mauge, 329.01 f'eet alh,ovo Mfemphl.t;d m plan. Gasilge
rea(i at 8 a. 1l.l

Jal.

7.8
8.3
8.2

8.0
7.7
7.2
7.1
7.1
7.2
7.0
0.9

0.9

0.9
7

0.8

7.1
7.3
7.3
7.4

7.8
7.8
8.6
11.3
14.5
10.1
16.0
16,2

14.7

13.8
-12.9
12. 1

Feb. Mar, Apr.

11.j 10.3 25.9
10.:s 10.0 25.7
ss. 4 9.8 25.3
9.0 f9.0 25.0

9.8 24.49).2 0 1({10.0 23.9
9. 7 10. 7 23.2
9.9 11.2 22.7
lO.$3 II.1 22.Q
10 It I 0.8 21. 7
10.8 12.3 22.2
11.2 12.1r 22.711.0 13.1 22.9
11.8 13.4 23.0
11.9 13.3 22.8
12.2 13.2 22.6
12.0 13.02o2. 511.0 13.2 22. 5
11.0 13. 6 23. 2
10. fi 14.0 23. .5
10.7 14.4 23. 4
10J (.1~ 146 23. 1
lo.8 l4 8 U%s2
10. 146.0 23.16
10.3 17.5 I 25.2
10.1 22.8 27.
10. D 22. 6: ,h29.1
10.8 222 30.3to.: 24.9 31.I

........ 0 3.0
2.......2.

May. Junee.

31.5 20.III. 1 221
:31.1 2a 7.08 2.:18
.30.3 2313
29. 1 21.1
2,.83 251
27.0 2b.,.
20 1 26. II
25.5 20.2

;.2 2'5. 5
2427 21.7
2.17 2.17

S22 {; 23'2
2 9. 23Ss. :1
21.3 !23 f;,
21.0) 23. 7
21.0 21.3I

2111 %fl,9

21.4 2:1.721 21 1321.3 23.9
20.4 2:1.7
2.1!2l.0o

20.0 23.719.4 2:1.1
1)0 22.118.71 21.5
tI.18 21.21. 7 21.
18.8 21.919.8.

a Reading, chaurgdl one-half foot or uimore.

[(auge, 103.30 mIles from Edls

Day. Jan. Feb. Mfar.

1 8.90 7. 90 1.80
2 8.90 7.40 18.(A1
3 8. 80 0). 90 18.500
4 8.80 t 0.5 0 '18. 60t
.5 8.70 a 7. 00 19.00
6 8. 00 8.00 19 00

7 8.50 7.90 19. 201
8 8,50 7.60 l9.40
9 8550 7.80 20.00
10 8.30 8. 10 21.00'

I 8.20 8.40 21.80

12, 9.40 8.60 21. 90I
13 9.70 9.00 21.90!
14 9.:90 9.40 21.70
1 10.10 11.80 2,.C;OI
16 9.90 13.10; 21.20
17 9,950 15.0 20. CA)I
18 9.10 17. 40 20. 201
19 S. 80s 18. 50 I19
20 8. 70 1830 1 19. 30
21 8.40 18. 70 I18.
2&>2 8,.10 l 18.8"O 18. 1;0
23 8.10I 183 18.20

24 8.10' 7.9 17.80

25 S. 40 17.50 17.40

26 8.50' 1760' 16.(19
27 8.401 17.40j 1'.501
28 S.C0 18.lOI 16.201

29 S .50 1S.90 16.21)
30 S. 2O.. 16.20

I'. .',O

July. A g. O_ t._e.

'2. 1, 3 I1. 13.9 12.1 2

2.3.0 1 1A 11.2 1.1.1 12.2 8.2
22.1 11. e 10.8 13. 8 12.1 %,1
22.0 11.3 1I). 5 13.5 12.0 7.9
21.7 11 I0.5 11.1 1I.8 78
21,I I..t11 10. 9 12, I ;17 7

'21.1 I :I 8 10. 9 12.0 I11.0 7.
20.0 1 l II H .-)
21.1 1:.0 10.2 1I1..11.3 , 7.1
2222.i 12.5 lo, ' 11.3 11.2 7.)
21.3 121 10.1 II 1 11.1 .n
2.5.5 IL 9 10.2 "10.90 11.0 .0

20).0 11. 7 10,1 10.7 f)7.1026;.(1 l 7 r I oI( 6.l1.)
25.5 I 0 10.0 10.3 10. 7 0. a5
21.06, II r 9.9 10.1 I 2

23, :1 ) 'J9.8 10.0 10. I 0.0

21.9 11.7 9.7 1,9.9 10.-3 . 8
21.3, 11.8 .9f) 9.

21.2 11.8 12. 9.8 . I
20.9 12.9 13. 9.8 9. 0.
20, 13.9 13.O 9.8 I.e; )0
19.6 13. II. 1 8 x

18.9 14.1 13.5 ; .8 9.2 1.9,
18. 5' 1.1.5 13.0) 1I.0 921) 0)
18.4 1 .1 12:12.0 If). 8. i. I
18.2 14.5 12.9 10.5 8.7 5 2
17.7 14.5 13 .5 10.7 8. .5. i
1i.9 13.9 13.0 11.0 l .;.9
10.2 12. 11,5I 1 .; 1.
15. 7 12.1 ......... 11.8 '... .... 41. ,

(Changed lIss than one-half foot.

Ifo)s.,_

lirdlge. Zero of gauge, 329.01 [fetl above Menilpik flatills 1)1lnfl.
read at -8 a. m. 1

Apr. May. June, illy. Aulg. sept. ovt. Nov. 1)ne.

I 6. CIO
10.20

10.00

10.00

110. 00
1.5.9'0
17. 10
17.0
1.S00
19. 90

20).8
21. 30

'21. 10
21. 20)
20. 90

01). 50
19.
19. 10

18. 10
17.50
10. 9o
1W. 10

17.00
17.
18. 10

IS.

18. 70

18. 90
1 9.

18. 50 20. 00

1S. 00 2si,.
17.50 27.0W
17,20: 27. U)

17. 01 27.90
1$. 70 2S. 20
20.00O 28. 2;)

2 1.00 28. 20
21. 2o 2. 30)
21. 70 2.8. 30

22. 10) 2".. 2O
22. lO 2N. 30)
22.,702O . il)0
'12. -10 28-. )
21.90 29., 2
21.2919.00
23.00oo 30. 11)
21.00 "31. 80
21. 50 .'31.21)
21. CO 3 1. tO

2 S. 704 Ut ;3 1. 901'21 )10 $83I.-°
23. CA) :3 1.

2:3. 40 531.
213. "31. *0

23. 10 :31)
2;3. 90 J:31.100
21. 71) :30. 71)
2.5. 1) ., (A)
251. 10

29.40.
2.8. 70 ................
2' .'2.). 71) ........ ........

29. 10 .............
21). 10 ....... ....

29.00 .............
2$. 30 ,...............
27. 40 ................
20. 00 ...............'2671 :0'........ .........

2.5.SO.
25. (A) ................
25. 30

2.-. 1) ................

.00 ..........
.0 .............co1{) ................

23 . 00l ........ .....22.. 70 ..............

22.50.

22.00...........
21.7 ..........
21.50 ..............
21. :0.... ......
,"1.:,o ................
21. :).. .
2I1. 10)

0J. ).

eutaing onl temIp)orsary gate.

ID RO,

Day.

'2
3
4
6
0
7
8
9
1011
12
13
14
16
16
17
18
19
20
21
22
2.3
24
25
26
27
28
29
30
31

G an~ge



194 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Tabulated gauge reading at selected stations between Chain, of Rocks~and 6'airo-.Cont'd.
MOCCASIN SPRINGS, MO0.

1896.

(OGaugo, 110.80 mllei fromEa,(1sf1irldgo. Zero ofgauige,,320.84 feet ab~ove Motupiils (latuiin pltiao. Gauge

Day.

1
2
3
4
6
6
7
8
9
to
11
12
1:3
14I
1S
16
17
18
19
20
21
22
23
241
25
26
27
28
29
30
31

Jan. Feb. Mar.

. ........ ........

...........

........ ........ .

........ ..

........ ........

.. .... ........ ........

........ ........ ..

Apr. May.

........ I ........

........ ........

.: ...... ........

. ...... ........

........ ........

........ ........

... .....I ........

IJ1ww. Jully. Aug. Sept,

... .. .. . .

Oct. Nov.

8.30
9. 20

8.54)
8.30
8.10
7.905
7.85
7.80
7.70
7,70
7.75
7. 70
7.70
7,60
7.65
7.40
7.54)
7.64A)
7.54)
7.60

D)co.

7.45
7,40
7.30
7.20
7.25
7.25
6.95
6. 60
6. 25
6.95
6.8&5
5.70
5.70
5.80
59.)5
6.20
0.4.0
6.80
7.25
7.80
8. 20
8. 30
81.30
8. 25
8. 20
8.10
8. 00
7. 00
7. 65
7.650
7.40

a Changul less than one-half foot.

1897.

j.Gauge, 116.80 milles from Eads Biridgo. Zero of gauge, 320,84 fcot above Memphis datumi 1)ane. Gauge
I ~~~~~~~~~~~~readat, 8 a. In, ]

Day.

1
2
13
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
20
27
28
219
30
31

Jan.

7. 40
7. 40
7,45
9,20

18. 70
22. 85
23. 85
24. 35
23. 10
20.70
a18. 40
16. 10
14. 20
12.900
.11.900
11.30
11.10
11. 00
11. 10
12.20
13. 65
14.20
14. 45
14. 00
14. 30
13. 70
12. 00
11. 80
10.80
10. 10
9.20

Feb.

8.15
7. 60
7. 30
7.10
7. 60
8.15
8.70
9.00
9.40
9.80
10. 55
11..30
Ill 85
11.80
12. 45
12.75
13. 30
13.40
13.30
12.85
12.70113.4)5
141.00
15,30
15.95s
10.0()
1 5. 55
15. 20

Mar.

14.680
13.00
14. 10
13.95
15.40
18.80
22. 40
23.80
24.20
24. 10
23. 20
22.60
22.20
21.80
21,20
20.60
19.900
20.25
21. 10
20.00
20.60
21. 10
21. 46
21. 60
21. 85
21.00
22. C0
23. 05
'24.100
23. 99
23. (A

24. 00
26. 70
24). 80
28. 01)
28. 10
27. VO
27. 70
27. 70
28, 20
28.35
28. 70
28, 80
28. 90
28. 60
27. 00
2?. 30
20. 60
20,10
20.00
25.80
25. 6()
25. 65
25. 60
25. 70
26. 75
25. 70
25.20
25. 00
25. 30
'26. 90

May.

26. 60
27. 20
27. 40
27.065
27.45
27.00
20. 30
25. 60
24. 60
23. 60
22, 60
22.20
21. 35
20.60
19. 95
19.40
18.85
18. 30
17.70
17.26
16.85
10. .10
16.905
15. 05
15.130
15. it5
15.40
15. 60
15.70
15,115t
15.80o

Juno,

14. 00
14. 60
14. 80
14.900
16.65
16.,00
10. 30
1(1.40
10.30
10. 10
1 5..865
15.60
15. 20
14.90
14. 70
14. 60
14.650
14, 00
14.85
14. 60
14.60
16.55
16. 40
10.75
10. 40
10.80
17.40
17. 40
18.05

July.

19.85
20.20
10.40
19.80
20.10
20.15
19. 60

18.80
18.00(
18.70
17.900
17. 30
lo,,C4)
15. 80
15. 30,
14. 00
14.40
14. 40
14.650
14.60
14. 30
13.80
13. 50
13.35
13. 75
14. 80
10. 45
10.815
16. 20

Aug.

13.80
13.46
13.20
12.008
12.60
12.40
12.560
12 05
12.45
12.16
11.95
11.80
11.80
11.70
1100(
11.60
14.40
11.30
11. 20
11. 10
10.85-
10.70-
10.130
10. 16
10.00
10.00
9.75
9. 60

Sept.

9.40
9.10
9.00
8.70
8. 55
8. 60
8.20
8.10,
8.10
8.00

8.00
7.900
7.80
7,75
7.60
7,60
7.40
7,30
7.10
7.10
7.0(1
7.00
0. 95
6. 95
7.16
7.15C
7.19
7.00

Oct.

6.95
41.80

0,76
0.70

6.45
0.60o
0.40
0.30
0.25
0.20
0.20
0. 15
0.10
6.10
0.10
6.00
0.00
0.006.00

0.05
6.05

Nov.

0.16
0.20
0.20
0.20
6.20
0.16
0.20
0.26
0.00
0.05s

0.70
0.80
0.80
0.76
0.80
0.80
0.85
6.70
6.00
0. 60
0.40
0.30
0.36
0.35
0.45
0.40
0.35
0.30
0.3&5

Dec.

6. 35
0.25
0.25
0.00
5.80
5.40
5.00
4. 70
4.20
3.900
3.900
4.00
4.0,5
4,30
4. 55
4. 80
5. 00
5. 30
& 00
4.70
4. 15
3.95
3,85
3,556
3, 20
3.10
a. 10
3.40
3.90
4.70
4.00

(I 1ead1lug Changed onie-half foot or mete,-o
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........ ...

........ . ...
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Tabulated gauge readings ait selected stations between C'haim of Rtocks (nd Cairo-Cont'd.

MOCCASIN SP1RINGS, MO--Continued.

1898.

[Gauge, 116.80 mIles from FHads Bridge. Zero of gaugo, 320.81 feet albove
rea( tit 8 a. in.]

M4empllis (dat11m1 plane. (Gauge

Day. Jan. Fleb.

1 5.30 9.90
2 "6.40 9.410
3 5.40 9. 05
'I i60i 8.6 5
C 6.20 7. 70
6 ,.10 7. 30
7 6.20 7.00
8 5,65 0.70
9 5.90: 0.70
10 6.30 7. 00
11 6.80, 7.50
12 7.10 8.10
13 8.55 8.15
14 9S. I6 8.90
16 9.85 10.20
16 9.95 10. .C0
17 9.55 11.00
18 9.35 11.10
19 9.05 11.15
20 9. 55 11. 0
21 10.00 12.20
22 .,90 13, 10
2.3 10.80 13. 56
21 11.05 13.00
25 11.00 12.40
26 10.80 11.70
27 10.90 I1. 25
28 10.90 10. f(
29 11.10.
30 10.0 ...

31 10.40

Mlar. Apr.

10.50 26.20
10.30 2-4.70
10.10 23.50
9.9 0 22. 40
9.70 21.8.5
9.655 21.00
O.40I 20.60C
9. J0 20. &5
9.10 20.20!
9,10 19.80
9.05 1 9.60
9.86i 19. 201
12. 30 18. 50

13.30 18.00
161.20 17.U0
18.00 17.40
18. 40 17 .0
18.600 17.26,
18.60 16. 90

18.70 16.26
19.10 16. 7(0:
19.80 15.35
21.90 5. 00
21.80 14.70
25.40 14I.5 0
25.30 14.70.
25.25 15. 20
26.70 17.10
2f510, 17. 70
21.95 17.40
2.5.10 ...

Many. |Juine.Y.

I1. 60 20.50
li05O I.10
15. 9(0 19. 00
I180 19.40
18.90 19,86
20. 60 a20. 1f
21..0 20.:30
21. 10 120. 10
20.70 b 19. 10
20.10 18.501
19, (' 18.00
19.00!1 18. 00

18. 30 21. 16
17.80 i20,'.0
17.40 21.0
10.90 21.SO
16.80 22.415
18.70 23.315
20. 90 23.75
21.70! 23.25
22.00 22.80

22. 16 21.80
24. 30 20. 80
25.30 19.76
25.10 19.,
24. 0, 18.35!
23. 90 18. f0
23. 10 18. (C)
22.00 20. o0
21.,70 21. 3(
21.00 ........

a Changed less than one-half foot.

Jlly.

21. 50
21. 00

21.0 5
21. 10
20.00

19. 00

18.20
18.50
21. 40
21. 30
21.00
20.10
19. 15

18. 20
17.
16. CA)

16. 10
15. 6d
1-1.90
14.-li
13. 90
13. CA

13. 50
13.00
12. 65

12.35
12.-10
12". .5)
12. 85

112. 70

I. Sept.

13. 30 8.0f5
13.20 8.20
13.20 8.00
1-1.00 7.1)
14.60 7. 50
1.00 7. 30
13. 30 7.10
13. 16 7. 10
13.4.5 7. 20
12.5 0 7.70
12. 40 8. 30

12.00 9.30
1(,10

11.00 10.10

1. 00 9.

It. fiO 9.. 0,8
1O.5{ II. S3.
10. :60 I . 70
10.7f0 10.'35110.50 10.970
1 1.00 1(0.40
11.a50 9.75
10. 70 9. 75
10.20, 10. 20
985' 10.20

10.10

9. 9n9. ,6
nn 9. 10

8.85

Oct. Nov.

9 ,00 11. 20i
9.00 10.70
8.50 10.05
x tol 9.35
7. PA 8. 90
7.05 8.50
7.45 8. 15'

7.101 8.Ioj
f,. 80i 8. 5,

o.CA1 70
6.50 8:80

. 25 9. 10
0.30 9.10

0.90 9_. 10
7.10 9.20
0.80 9.00o
0i30 8.70

0.018o .1

5.80 8. 10!i
6.00 7.590
6.85 7. SO

. t.o a7. .fn11..' . 5'
11.1I 7:0o.1 135.8 toII:PI n.M
10.30' 9. 80

9.9)0 10. 30
9.05 10.10

10. 10 9. 31)

11.05.....

b ending changed one-half foot or mnorp.

1899.

(0auge,11.80 miles from Eads Bridge. Zero of gauge, 320.84 feet above Memphis datutm plane. (Gauge
read at 8 a. m.]

Day.| Jan. Feb. Mar., Apr. May. June,

1 10.10 4.20 15.60 15.10 2.3.901 22,.15

2 9.10 2.60 11.60 165.05 23.85 21.90
3 810 2.35 16 30 14N90 2.3.80 212.15
4 7.C0 2.90 15.70 14:65 23. 40 22. 65
5: 7.70 3.30 15.35 14.461, 22.0 2'2.80

6 7.60 3:70 15.00 14.74) a21.40 242,96
7-' 7,20 4,20 14.65 15.20 ao20.50 22.96;
8 7 .2 .l10 14.50: 15.60 a 19.90 22,76

9 7.501 7.10 14.o00 15.lo5 'b19.30 212.225
10 7. 40 7,30 13.40 15,10 a 19, 20 22. 00
11 7.10% 0.i85 13.30' 15.10 b19,80 2-2.00
12 7.10 7.00 13.40 15.10 20.30 21.8.5
13 7. 201 7. 60 13. 50 15.70 21.00 22. 05
14 60 7. 40 13. ,5 17.00 21.30 23.05

15 9.10 7.50 13.90 17.06 21.3:6 23, 45
16 8.70 7. 50 14.65 16.40 21, 20 '23, 16
17 8 80 7. I5 111.25 15.90 20.90 '221 .5
178 8.800 7.50 17,240 15.70 o20.9 0 21,(i5
19 8.90 7,50 b 18.30 15.60 19.90 21.55
20 8.95 10.15 19. 00 15.60 19. 00 21, 5S
21 8.70 9.00 20.00 16.0.5) 18.60 21.45
'22 8. 50 8.20 '20. 50 16. 90 19. 16 211. 2
23 8. 25 7.45 20.40 1. 00 '20. 00 20. 90
24 8.10 6.650 "119.76 '20.40 21.20 210.35
25 7.90 5, 0 a 19.25 23. 00 22. 50 19. .5

20 7.80 7.30 b 18.70 241 00 '3, 20 19. 35
27 7.70 10.50 18.00 2-1:.-I1 23. 1)' 19.10

28 7.5.5 12.00 17.45 024.50;2.6, 19.10
7.30 .1 10..70 ')I.20 2'?1.2)0 1').:35

30 7.00 6.0 3. 22. (0 19. 55
31 6.40 .... 15.{ts ....22. W .......

Jiuly. Au1g.

19. 75
19. 75
20 05.
20. 65
21. 15

"n21,35i1

21.85
21. 76

21. 75
22. 05
22,2°O0
22.05

121, 651
21.00
20.45

19. 95

19.70
19. 55
19. 46

19.05
Is1. 45
17,.8.517. 9017.40

16. 95

ltd. 003
16. .15
I5. 30
11. 70

1-1. 50
11.35
14,40
11.05

13 80
13. 75
13. 50
13. 10
1:1, 15
14.25
15. 56
16.70
15. 50
15. 20

14.90
It,20
13,01
13,
12. 45
12.05
i. 66

11,30!
10. 85
10. 35
Io. O")'
9. 70

9.45

9.3(0
9. 711
49. 90

Sept.

R.81)
8.80
8. 74)8.70
S.0 1
8.30

7.95
7.90
7.80
7.75
7.90

8.05
8. 05
.8 00

7.76

7.75
7,90
8.00
7.90
7.70
7.350
7. 45
7.24)
7.10
7.0O6
1). 0
6. FO

Oet. Nov. P

80_ 10

(I . s'o .
6.0 1 .80
6.40 5. 90
6.120 6.20'
6,11)1 .3.5

6,16 6 5

6,01() 6.t)7
I .5).80 . 90)

5.70 7.10
5.70 7. 30
5.60 7.40
I . 60 7.60

5.50 7.70
5.40 7.80
5.30 7.90)
5.40 7.90
5. 401 7. 80

5.40 7.80
5.46: 7.7.5

5. 0 7. 80
5.35' 7.75
5,301 7.80
.20! 7. 94.

5. 20 8. (n)

I5.10 8.00
5 ,20 7.75
;.3C 7. 12
, ..) '.5.

7.00
6. 80
6. 7.5
6. 6~5

6.60

6. 60

6.50

6. 1.5

6.40
6. 40

6. 35

6. 40

6. 50

6. 50

6.00
95

6.50

6. 75

6. 30
6.90

5.40
4.80
4.64)

1.00
:3,.80:1. s(o

11ltealtig changed olle-half foot or more.

D)ce._

8. TA)
7.80
7. 30
7.000. 5A)
6.20
6.80
.5. 75
6. 40
6.301.80
3.80
3. 50
3. 40
3.20
3. '20
3.70
1.054l. 80
6. 20
5. 0
41. 35
7.90

10. 50
I, 10In. 3oI 1. :3n11.00

10.104)10. 20

b Changed less train one-half foot -
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Iiabulated gauge readings (It selected staltions between Chain of Rocks and Cairo-Cont'd.
MOCCASIN SPRINGS, MO.-Contlsiued. I

1900.
(Gauge, 116.80 ilmles fromts Eads lirmpge. Zero or gauge, 320.81 feet abovo Memphis datum plane. Gauige

read( at 8 a. ini.1
Jhliv. July.

14.70 13..$O
a14. 30 1:3. 26

13s.05, 13s. 15
1H.05 13.10
13. 9£5 13.05
13.70 1:s.0.'.
13.35 12.00
13.00 12, 65
12.81) 12. 25
12.75 I.85
12,65 11.80
12.35 11.70
12,.05 Ith55
12. 10 I1.60
12.90 1 1. tO
15. 1) 1. I0
15.00 11.(00
14. 25 1 1. 26
13, 55 11.15
13.25 10.95
13.20 * 11.05
1:1. 35 10.0()
14.25 11.26
1.'.35 12.21)
10. 25 1L3.6
13 20 14.30
10 05 14.401)
15f.75 14.25
15. 26 1:3.80
1. 15.' 13. 65

......... 13. 05

Au1g.

5512.70
12. l1i
12.05
11.05
11.35
I.OU

510.7(0
1(1.35
9,95
9. .15
9. ii)
8.80
8.10
8.15
7.85
7.7(0

"7.65
7.560
7.55
8. 00
8.80

10. (15
1o.45
1(.76
10. 76
1(). B
10.8(1
11).0
11), .0
10.15
10. :35

Sept. Oct.

1(). 7 10.00
I 11 00 11,45
11.25 I.t00
11.30 12.55
1 1. 3:5 13.65
11.10 13,851 1. 11 I) 1 3. 8(
I 1.3() 13s. Ws
1().8(1 13. .1()
0.410 13.05
.8() 1:13.70

9. (;O 1: . O()
9.:35 12.45
9.(0) " 12. (X
8.75 11.7(0
8.(65 t 11.41)
8.0) 11. 2(0

b,8.25 11.20
8. 20 11 2(0
8. 20 11.2(0
8.1 I..25
8.:30 11-70
8.60 12. 10
0.0( 12.130
11. 20 12. 75
I0I{. .1(1 1:1. (H)

9.80 1:. 25
9.115 1:1.3
09.00 13s. 35

O.10,60IO 13.35
1.:1.0

Nov.

a 13.fi0
13.065
13. 2(
12.75

b 12.05
12.8(0
"1:1.00

"113. 50
11.25
14.25
1 1. (0)
1:3. 76

"1:3. 50
13,. 2E,
13.20
13.00

a12.85
12.70
12.75

a 13,20
:3. 10
12.80

1)ec.

9.00
8.85
8. 75

8.25
8.00
7.90
7.80
7. 5.5
7.30
7.00

0.76

0.40
6,30
6.30
6.25

0.20
6.00

tJ ChaUge(d less thall'olsm.Ialf foot. b 1tea(llig elIonged(l o( 11W.al1 foot or imiore.
1I)l).

[Gauge, 116.84) Iles froms E'ads llrldgo. Zero of gaugo, :120.81 feot above M illphis (dattiltll plalle. Gauge
/ rea(1 at 8 a. mu.)

Day.| Jal,

6.80
5. 00
5.40
56.30
5.05
4.70
4.50
4.20
4.16
4,50O

1 6 3r,
0.30
7.30
7.70
8.00

a 8, 00
a7.90
7.90
7 85
7.f80
7.70
7.60
7, 6r
7.50
7.50
7.40
7.35
7.25--
7.25
7.20

Feb.

7.16
.-90

I {} 85
6.80
6.80
0(.80
0.70

10.75
6.60

I . 00
5.00
56.30

15.5E0
5,5606. 6
6.76

I ,85
0.00

C 0.30
Ic.30

6.80
5.80
6.85
0.00

I . 60
7.10

I.......

---..
... ...

Mar.

7.,35
7, 16
7.00
0.80
11.50

1.80
7. 20
7.,0
8.00
0.70

1I. 65
14.25
17.20

a 18. 10
"18,26
C 18.00
17.70
17.65
17.40
17,30
17.00
1C.80
17.25
18.45
18.90
I9. 31)
10.60
19.15
1 9. 20

i19. 1(
18.90

Apr.

118.1165
1I1. 10
19.20
11.25
19.65
11.80
20.05
20.75
20.70
21. :315
22. 05
22. 35

r 22. 70
22. 56
22.45
22.45
22.65
23. 25
2:1. 35
22.65
21.65
20.85
20.1i6
19.6519.015
18.40

d 17.85
17. 60
17. 1)

May.

15.6
15. 50
15.20

"15. 00
1-1. 70
14.45
11.20
13. 95
13.76
13. 55
13. 35

"113. 20
13.05
12.80
12.60
12.4'0
12. 25
12. 10
11.185
It12,1;
IIAO1

11.25
112 10

I11.861I I I. bo,

11.70
I1. 75
1 1. 3

Julle Jily.

11.1 15. 25
t11.10 14.75
1(0.90 14.2.5
I1.30 13.'80
12.60 13.30
1 6.15 12.8()
13. 30 12,40
13.60 12.1)5
13.85 1 1. 85'.
14.00 11.85
1:1385 12. 40
13.65 12.80
1:3.45 12. 60
13.40 12. 06
13.566 11.75
14.10 1 1.60
14.5.0 11.45
14.20 11,40
13.76 It.-0
13.65 11.46
1:1.560 11.75
13.650 11.95
13.70 I.605
1W1. 30 11.26
14.80 10.80
1.10(1 10.70
156 30 10. r0
15.61) 10.20
I1.-. ( 10.1io

0{.99l(

Aullg. SepIt

0 80 (1. (10
0.85 (1 1(
10,0(1 ,1.3(0
10.05 (1.20
I1(.0 (1.015
0.85 0100
0.76 6. 95
0.410 I .80
0.10 5.70
8.80 5.115
8. 5.6.15
8.4-l 5.55

a8.30 6,6t5
8.15 5.66
8.00 .650
7. 95 6.45
7- 80 5. 35
7.65 5. 30'
7,6) 6.35
7.60 5.40
7.45 5.(5
7,.40 (1.40
7.50 7. 30
7. 35 7.40
7.2(1 7.20
7.1(10 1. 0
7.010 6(.65
0.85 0..15
( .85 6.30
0.80 1 1I 5
11.75 ..

Oet.

0. 10
6100
5.00
6. 80
6.70
5.70
5.70
6.76
6.85
5.90
0.00
6.10
6.10'
0.05
0.05
0.0o
0.00
6.90
0.10
(1. 30
6.5o
0.65
0. 80
(1. 75
(1.70
0.60
60.65
(. 60
(1. 50
0. 5(1
(1, 551

Nov.

0.60

1 {). 65
11.20
(.00

I 3. 006. 00
5.95
r,. 9O
6.90
0.10
6,10

I (. 00
0.000(.00
0.00
5.95
6.90

16.90
6.90
6.905.90I5,90
56.90

I E. So
6.80

1 .70
5. 71)

1 -...

D)ee.

6.100

5. 3I0
5.30
6. 25

5. 25

5.15
5. 50

bS,90
b 5,50
b 5.25
b 5, 10
d .1,(O
b 3. 00
b 3,50
b 3.30
bs 3, 30
b 3 55

b 5,05

b 1. 2)
1' 3, 7(0bI ,3.

v(.1lflI{Iteac( illn elchang e(d ons .haIlf fool or misoro,
,lIllterp>(N Itedl--no{ I'vading.1l,

.._ ..__.._._...._-__.
.1 ('lzi1i1ge(I Iess Iholl ono-halni foot,

b Iutfill oil 11(1 01111ofVt (v,

Day.

2
3
4
6

7
8
9
10
11
12
13
14
16
16
17
18
19
20
21
V2
23
24
25
20
27
28
29
:30
I1

Fob.

^1.D00
'I. 10
3.10
2.30
3.30
2.80
2.00
3.80

7.30
0.10
985

9.30
0.00
8.00
8. :10
8. 05
7.70
7. 55
7.20
7.70
0. 00
10.20
1.O00
10.70
11). 30
+0. 70

3. :10

6.7.5
6. 7(1
6.85
7.10
6.75
5. 4,5
5.20

b ,. 25
41. 9
.,00
f. 0
.1.W
.1.90
5).05i
5. 6(
7.10
8.80
8.776
8.05
7.U()
7.410
7.30
7. 20
7.10
0..50
5.i70

Afar.

0.30
8.905.
8.80

b 8. 60
8. 70
9.80
12. 26
10. 70
10. 00
I9.5O
2).00
20. 70
21.10
22.30)
22.70
23. 10
231. 10
22.70
22. 10
21.000

h 20. 00
10.00
18.40
18.00
17.f'0
101. 00
10.1(0
16. 15
1 f. 7)
15.10
1'1. o,0

Apr.

14.2(1
14. 00
14. 15
11.40
14.35
1.1. I.
1.1 85
15. 15,1(1.21)1. (5

t 16 2()

I1. 00
1(9. ()

17.560
17.900
17-.5
1t3. 90(
1. 165

10.16)I h. h0
I 1(l. 10

10. 76
17.00
17.10
17. 5)(
17.20
10.85

10.00.'
15. 75

15. 70
1.5.80
1(1. 25

nI l0. 5
1(. 05

10.00110. '1(1
10. 15
lo.40l
61.25

1*105
11.50

14). 2.1"11.50

14.0

11,25
11.05
11. 10
13.065
13.35
1:1.80

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

-I
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Taobulate1d augef7 readingsl/ (at 8rlcrlC1 81(1/ions betw~ern (Chain of' JRocl- tnd (,iro- ('onntl'd.

MN!OCCASI N S PRI1NGS, MC) --coutluueul.

1902.
[(alaige, 11(1.80 miles frouun Eai14 Blridge. Zero of gauige, 320.841 fretl 111)ove MOTlipi~lS (1fat mu plane. U"algo

rtead ait 8 a. na.]

Dayj! Jailn. Fels.

I a"3.65 ('1.85
2 13.90 "12.00
3 (S4.00 a2. 10
4 "4.00 "2. 10
5 a 4,26 "s1.70
(I "3.90 a"4.'607 (z3.70 (s 3.69
8 a'"3.80 (J4.00
9 a 4.2( a('.00

I10 (14.45 a"5.'80
I11 4. 75 a"7.90
12 4.85 is'8,00
13 4. 70 a"6.95
14 j4. 40 "6 .70
15 4. 309 "9,10
10 4.900 "9. 00
17 :3.o"5(8.70
181 4.10 a"8.25
9~ 41.30 a813

20: 4. 49 a8.10
21 4. 55 "17.-8022 4.45 "17.
23 4.46 ('57. 40o
24 4. 45,-a7. 75
25 4. 40 "17.30
201 4.40 a O.1(o
27 4.00 6.20
28 "3.90 7. CO
29 "3,70.....
30 "3.20.....
31 "2.O.0....

Mar. IApI)r.
7.30 112.20
7.25 12. 40
7.90 12. 90
7. 95 13. 15
8.55 13. 10
c9.00 13.00
8. 60 12.900
8.515 13. 40
8.80 13.560
9. 70 13.0(1
10,70 12. 46
10.80 12.70
10.75 12.00O
11.50 I1.3
12.00 11.00O
12.9r) 10,80o
13.80 1,.0.5
14.40 10235
,14.20 10. 10
13. 76 10. 10
13.10 10. 05
12.25 10.3(0
I1,50 9,85
1 1.0 9.30
10.15 10, 10
10.30 10.30
10.30 K10.1
10. 40 9.6(5
12,00 9.65
11.95 9(160
12.20.....

M! ssy. 1Jime. Jully.

10. 15
101.20
1(. 15
11.00
12. 10
12. 15

10.20
19.709.85)
10.65

11.1Do
12. 415
12.60O
12.65
12, '45
12. 35
12.4.5
12,8.5
12, 95
12. 70
12. 45
12.6(0
13. 76
14.30
141.80
16.30
18.30
IS. 55

18.00
17. (10
17. it,18.70
10). 40
19. 4019.201

17. 51)
17.8-5
18.35

I'11,130

19. 70K20.30
C 20: 20

19.705
''119.650

119.15
18. 7.5

lb 18. 55
18.6(W
18. 40
18.25

('18.60
19. 30
20.110

21. 10
21. 65
22.30
22.80O
22. 80
22.55

b'22. 10
21. 70
21.30

b 21. 15
21. 05
20.70
20, (0
21. 10
22.00

b 22,80
23,.10
231. 90
24.25
24.60

b24. AO
24. 40
2.1.20
24.35

b24.65
24.80
24.1.85
2.1. 75
24. 35
23. I6

,'1);-

22.30
21.70
21.10

b20:3
19.20)

b' 18. 95
b 18. 75

18,160
18.20
17.80
17,20
16.80
16,O
16). 45
16.2.5
15h.00
15. 35
115.50
I15. 65
15.80
1(1.0o
17.60

b 18,00
18.05
18,05
18.35
IsNS5
19. 40
19.80
191. 9LI

Sept. !Oct. Nov.

('19.80
19.60
18,93
18. 65
18.80
19. 10
18.90
18.20
17.50
16. 60
15. 90
16,60
15.00
Il.1.40
1:31815
1:1.30
12.80
12,50
12.25
11.75
11.30
11.00
10.150
10.20
10. 10
10. -t0
12.00K
13. 40
14.20
15. 05

I1(1.35
11.26
1(s. 40
17.00
17.650
18.00
18.70
19.60o
2(1.10

"20.00
b 19.60
b 18.60
17.80
17.40t
1(.6.0
1 1.90
15.110
115. 55
15.110)
15. 85
1(1. 00
1(.1.15
16.7.5
16. 75
16.65
I6(.60

( 15.80
'15. 00
13. 80
13.15

12.60
12.20
11.80
11,50
11.20
11.00
11,10
11.50
11. 70
12.00
12,115
12.900
12.85
12. 45
12. 10
11.80o
11. 65
11,65
11.60
12,20

(I 1:1. 05
13. 80
14. 30
14.21)
14, 10
1:3. 95
13.905
14. 00
14.25
14..60

a Doubtful oin account, of Ice.
1' Int(rpoliI(Cd-no readint',.

(Gailge, 11(1.8(1 miles from Eads Blridge.

1(Reading Chtanged one-half foot or more.
d Chan11gcd less t IisiiI ousv-lsal1f fuot.

Zero of ~auge, 3201.8-1 feet ab~ove Memphis (Iatumn 1)1ane1. Clauge
rom tit 8 it. in.]

May. Jusile. JuAly.

20.70 2(1.00

27.90 19.50

28.90 18.90

20.90 "18$.30
30. 70 17. 00

31.0.5 17.30

:12.30 "417.21)
:32.70 17.15

33. 10 17. 15

33.60 17. 15

33, 80 1.900
33.90 10.60

33. 80 10.45

33. 49 10.55

32. 70 10.90

31. 70 17.056
30.30 18.55

28.70 19.05A
27.0 ")a18. 90
2.5. 95 18.65

25. 10 18.35

24.31) ('18.40

23.85 "1(18.60
23.40 '18.80

23. 10 0.30

22.45 19.60

21.560 19. 10

"20.70 "18.00

."18.10

Aug. Sept.

17.560 17.20
17.00 17. 00
10.60 18.80
10. 10 19.-10
10,20 19.60
15. 75 19.30
16.35. 18.75
15. 75 18.15
10.060 17.80
10.90 17. 75
17.00 17.40
17.10 17.30
17.15 17.85)
17 20 19.6&5
17. 15 20.15
17.35 20.25
17.060 20.6b5
17.30 20.85,
17.30 20.40
17.50 20. 25
17.55 '20.25
17. 76 "19.90
17. 75 "19O.20
17.60 a 18.650
10.90 17.75
16. 45 17. 35
10.30 17.90
10.00 10.90
10.00 17.00
10. 10 17. 15I
10.70 .....

Oet. iNov. i1)ec.

17. 30

17. 35

17. 35

_17.10
7.60

17. 80

17. 90

18,45
18. 76

'119. 35
'20.30

'21.00

'21. 10

120.75

20.45

'20.20

i18.80

~18. 40
'18. 10

17. 70

17. 20

17. 10

10.90

16.80

16.065
10.6

10.110
16. 30

10.20

10.20

10. 10

16.95

15.80

16.00

16.60

16. '10

15.60
15. 90

15. 95

15. 75

15.60

16, 25

15.00

14. 60

14. 15

go
13.300
13. 20

12.8&5
12.50

12. 10

90

1.00O
11.30

11.90

10. 70

10.35

10.900
9.00

9.40
9. 25

9.00

8.80

8.560
8.15

8.05r
7,95

7.80

7.65)
7,35

7.20

7.00

6.70
6.90

'1.80

4.60

4.25

4.00

4.40

4.85

10

5.50

5,75

05

(1.40

6.53
0. 40

40

75

a Interpolated readiuig. b~1jeadling changed onw-hilf foot or moro. (1Changed l'ss (ham olle-haifftoot.

115.00
IS. 10
15. 2(1
1I.1 80
14.40
14. 40,
14.40
14.61)
1.1. 65
14.60o
14.00
13.70
12.80
13, 10
13.70
13. GO
13. 60
12.60
12.20
12.20
12.80
13.20
13.70
14.3:5
14.95
16,60
15.60
15.60O
14,80

13I. 3(1

Day,; Jan.

1 12.00
2 bl1. 34)
3 b I1I. 5
4 bIO.70
r6 b 1o.80
6 a"11.10
7 "(11.30
8 a11.20
9 "(11.30
10 (1511,10
11 "10.75
12 " 10.30
13 a"9.60
14 a"8.90

17 "17.90
18 a 8.05
19 a"8.65n
20:a9.20
21 9.60
22 9.00
23 0.65
24 U. 45
26 0.30
20 9.26
27 0.10
28 9.30
29: 9.00
30 10.60
31 12.00

12.00

12.

12. 35

13.45

16.30
14.00
14.05

13. 70

(13. 95

141.60
14.95,
14.50

13.96

13.00

12. 30

12. 15

11. 70

11.80

70

11.70

11.80

12. 10

13.

Fd IMar,
15, 10

10,90

17.30

17. 60

"118. 16

"118.80
"19.05)
"21. 00
('21,90

"124.,30
25. 00

25r.50
2.5.30

24.80

24.60

2.1.60

24. 40

23. 80
23. 00

23.00
23. 60

23.76

24.00

23.80

23.40

23. 00

*22.60
21.80

*21. 10

*a20. 40

* 19.80

"19. 10

"189100
"18.80

a 19. 00
"20.2
"20.40
a"20,20
" 19.8
a"19.80
"20.600

22.45
22.600
22.00
22.90

a 23.00
22. 00
22,30
22. 25

a"22.05
"121.'60"21.00
"20.60
* 20. 10

19'.20
" 18.90o

" 18.40
"18.00
17.00O
17.40
17. 15
10.80
10. 55
10. 40
10. 30
10.30
10.40
10.301
10. 10
10. 05
15.90
15.70
16. 70
10.00(
18. 10
18. 00
18.80o
18.150
18.30
18.00
17.90
18.20
19. 30
20.60
21.05
21.30
21.50

1P - -
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Tabulated gaugcreiadingqs atsclectctI stations be(tweno Chain of Rock andC o .
MOCCASIN SPRINGS,MO).,-CtontInmed.

1904.

Gauge ,I 110.80 miles-from Ends Bridge. 'Zero of gauge, 320.84 feet above Memphis(l atum plane. lauge

read at 8 a. ni.]

Day.Jan. Feb. Mar. IApr. May. June. July. Aug. Sept.Octt Nov. Dec.

1 7.65 a1I.8 010 ,90 20.606 1716 21.18 22. 70 1. 170 12.10 14. 0 12.00 0.30

2 7.90 a 11 0010.( 0 26.40 31. 6(22). 5 2316 15.I5 11.65 1.35 12. 70 9. 16
3 8.05 "110.00 10.40 b 20,00 :t.sfi b24.00 22.40 15.00 11,30 14. 30 12. 065 9. 00
4 7.90 9.40 10.20 25.80 b 31.10 b 24.20 22,10 14.05 11,00 11.00 12.65 8.90
5 7. 05 8.00 10.30 25. 25 29.70I23.S 0 21.90 11 50 11.05 13.70 12.46 8.80
0 7.30 9.10 10.l60 24.70 29.0024..20 21.70 14.30 11.30 13.10 12.30 8. 70
7 7.10 10.40 11. 15 24-.0 28.30 25.60 21.30 13.I0 12.35 12.5 1216 8. 60

, -7 .10 10.35 11.70 23,45 27.35 20. 0.; b 20, s5 13:16 I 1.0 12.30 1. 84
9 7.20 10. 60 12. 00 22.80 20.30 20.80 b 21.40 13, 10 10.75 c 12.0511 ,90- --8 25
10 7.10 b 10.80 12.302'2.3026.5F5 20.35 b22,9 5 12,0010.C 0 b1.185 1.85 8.16

i1 7.001.110 C12,70 22.80 25. 30 25.60O 24.3012.00' 10.CO, 11.70 11170 8.00

12 7.00 11. 65 13.05 23. 40211.76 24.90 25.601'2.30 10.70 11.50 11.70 8. 00
13 7.0011, 951.370 23, 462'1.20 2-1.30 20.0012.00 10.70 11: 301.;0 7.95
14 0.90 12.20 14.00 23.40 23.45 23.16 20, 20 11.80 10,60 161, I1.50 7.80
15 7.00 12.20 13.95 2:3.3022'.6 23.30 b22.80 12,10 10,5 0 10. 96V 1140 7. .0
10 7.20 12. 40 13. 80 22.90 21.90 2:.2624.1; 0 12.00 10. 50 10.75 1.30 7.00
17 7:40 12. 30 13.70 22.30 21.40 2:1.6( 23. 40 I 1.9010.40 10.70I 1.16 0.90
18 7.6012.001:3.80 22. 70 21.2023.270 22.I 0 12,00 10.30 1 .00 11.00 0.05
19 7.0 0 11.40 14I.10 23.30 2.00 24.20 2 1.55 12.05 106.0 10.60 10.90 0.30
"O 7.90a11 20 14. 60 23,85 21.20 24.0021910 12.10 13.00 10. 60 10.760 0 00
21 8.10 1 1 50 15.0023,; 1 21.00 23. 80 21.10 12.90 13.75 10.45 10.0 0.00
2 2 8.80 It. 1656.20 23.25 '0). 4 3523,85 201.00 1.C0 14.20 10.35 10.50 6. 90
23 11. 30 11.30 15.40 23.30 20,2023.S96 19.905 11.30 14.160 10.4610.30 5.80
24 14. 70 11 10 1,050 23.80 20.00 23.8019', 20 14,40 14.00 10. 50 10.10Cl580
25 10.30 11. 05 18, 46 25.20 19.(0 23.2018.' 6 14. 90 13.0 1070 10 00 6.90

211 10. 50 11.05 23.46 27. 20 1.20 22 40 18./ 70 14 70 13, 10 10.80 9,85 0. 10
27 16.80 11. 10 23.20 2920 18. 90 21. 90 18. 50 1.176 133 30 11.00 9 70 0.20
28 16.30 11. 30 23.45 30.16 18. 70 21.30 c 18.10 14.80 13.90 11.25 S , 9. 60
29 14. 40 11.30 26.30 31.00 18. 80 21. 25 17 . 25 14.20 14.10 11. 60 9 157.00
30 b13.40 ... 201,00 :31.O0 18.90 b21.90 10.60 13.30 14.00 I11.90 O.35 bl1. 10'it 12, . l.70._____b16.... . K5__126. ...... .. 1.J4 b 1. rSO55:ii12.00.. 211.70. . 19.45~~~~~~..b1.. 90 12.55 ......12.30 .... 5

a Interpolated-no reading. blRea(llng changed one-hlalf foot or more e('hanged less than one-half foot.

[(auge,110.80 mIles from Ead8l Bridge. Zero of gauge, 320.84 feet above Memphis datum plane.(lage
readnat 8 a. In.]

Jan, pet). Mar.

a6,40 7.00 17.80
"5f.40 7.00 19.20
a5.40 7.10 19.60
6.80 7.10 19.50
6.80 (.165 19.50
0.80 11.60 20.20
6.M85 6.80 20.00
7.00 0.80 19.00
(.80 0.70 19.80
6.50 6.60 19.45
6.10 06,0 19.20
0.80 0.35 19.10
5.20 '..25 a 18. 00
4.80 8.80 18.15
5.10 10.00 17.46
4.60 10.60 16.60
4.30 10.90 16.90

b3.90 10.10 15.40
4.00 9.80 16.20
4.70 9.60 15.00
6.70 9.10 14.80
5.90 9.06 14.60
0.90 8.70 14.70
7.'4,0 8.00 15.30
7.35 8.25 1(1.00
7.00 8.76 10.60
0.80 9.00 1(1.85
6.30 14. 0 17.20
6.30 ....,.17.40
6.80 ....... 18.00
7.00 .....18.55

Ap~r. ,May.
II

18.05
19.00
19.B0
19.0019.35
19.20
18.70
18.10
17.70
17.20
16.90
10,70
10.60
16.30
16.30
16.30
16.30
10.30
10.30
16.16
10.05
16.70
15.40

16.60
15.80
10. 40
1.95
17.60
17.80
18.80,.... ...

19.6301

19.00
18.35
17.80
17.70
17.35
16.20
15.560
15.2015r.o
14.8016.10.15.00,15.40
16.60
18.20
19.70
20.40
20.70
21.30
21.20
20.60
20.00
19.70
19.60

19.1019.15
19. 10
19.30
19.85

June. July. Aug.

19.90 22.00
19.00 22.35
19. 40 22.50
19. 45 22.05

D19.70 22.85
20.25 b23.46

120.70 b24. 00
20(.60 24.30
20.10 24.20
19.60 24.10
19.20 24.00
18. 95 23 90
19.00 24.05

.19.65 24.40
20.36 24.95
20.85 25.10
20.95 "24.80
20.90 24.110
20.00 22.95
20.30 21.80
20.00 22,20
20.81) "22.C0
20.80 21.00
20.65 20.50
20.60 20.30,20.80 20.60
21.25 20.90
21.40 20.40
.21.50 20.00
21.65 f19.30

19.16

19.90
20.60
21,16
21. 40
21.40

" 20.70
"19. 90
a 109 40
b 18 90
18.00
17.00
A7.30
16.80
16.35
10. 10
1$.60
15.10
14.80
14.60
14.05
14.90
16.40
15.76416.@0d18.(10

,a19.25518.85
18.35
17.96
17.00
16.90

Sept.

14.95
14.30
14.20
I13. 80
13.60
13.20
13.05
13.00
13.00
13.05
13.05
12.9013.3.6

14.30
14.30
13.70
14.90
17.40
23.40
26.00
27.70
28.40
28. 70

"28.10
a27.20
a25.15

"123.25
21. 45
19.60
18.05

Oct.

17.16
10.50
15.90
16.30
14.90
14.70
14.60
14.10
13.60
13.10
13.00
12.85
12.70
12.46
12.26
12.00
11.85
11.70
13.20
17.95
17.85
17.0016.7616.60

10.600
16.80
17.00
17.85
17.3:+0
10. 5515.96

Nov. D)ec.

15.30 12.40
14.90 13.30
14.70 1:3. 80
14,70 13.60
14,65 13.40
1.00 1:3. 1o
15.60 12.70
16.95 12.20
10.00 11.70
15.80 11.10
15.60 10.60
15.25 10.25
15.20 10.00
15.20 9.70
15.10 9.70
14.70 9.70
14.10 9.70
13.65 9.70
13.20 9.70
13.10 9.-70-
13.20 9.8013.4i0 9.00
1:3.45 9.45

13.00 9.95
12.60 10.00
12.40 9.90
12.30 9.76

-12.20 9.75
12.1 l()9.75
12.10 "1.05

. .......
o1 0

a ReawIng changed one-half foot or mnore.

IDay.

1
2
13
4
5
6
7
8
9
10
21

12
13
14
15
16
17
18
19
20
21

1 22
23
24
25
20

28
. 29
30
31

b Changed IMS thfill Ont'-half foot.
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Tabulated gauge readings at selected 8tatiofls between Chain, of Rocks aind Cairo-Cont'dI.
MOCCASIN SPRINGS, mo--Continued.

1906.

[Gauge, 116.80 miles from Eads Bridge. Zero of gauge, 320.84 feet above Memphis datum plane. Gauge
read1at 8 a. in.]

Day. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. IDec.

1 10.70 16.50 21. 40 25.90 20.90 15.50O 20.30 14.00 13.80 15.10 10.20 12.00
2 10.90 16.70 22.00 25.76 20.85 10.00 20.20 1.3.70 13.AO 15. 10 10.30 12. 70
3 11.80 16.70 22. 65 25. 40 20.801 16.00 20.30 13.50O 13.10 1.5.20 10.45 12.70
4 12.45 16.50 22.060 a25,00 20.75 17.10 20.20 13.55 12.90 15.25 10.70 12.80
5 12.90 15.70 21.9.5 2i.1.65 20.75 lb 17. (A) 20. 10 i31. to.0 12. 80 15.10 10.90 12.85
6 16.00 14.95 21.10 24.560 20.70 18.10 10.90 13.40 12.01A5IA.00 11.00 13.00
7 11:60 14.30 20. ;1O 24. 0 20.130 18.10 10,565 13.20 12.45 14. 25 11.10 13.25
8 17.600 13. 80 20.10 24.35 21.20 b618.00 19.30 13. 70 12.40 i:i.sS 11.10 13.50
9 111.60 13.00 19. 70 221.40 21.060 19.(A) b 19.00 14.00 12.30 13i. 40 11.20 13.70
10 15.70 12.30 19.50O 24. 40 21.20 19.90 18. 00 13.75 12.30 12.75 11.30 1:3.55
1 1 1 '1. 0 11.9.5 19.5[A 241.30 20.0(A 20.210 1,. 00 13.70 12.20 12.5L5 11.30 13.20
12 13.50 11.70 19.10 24.15 20.20 20.30 17.1;0 14.00 12.30 12.40 11. 40 12.90
13 12.0CA 11.50 18.85 23.85 19.00 20.10 17.20 14.001 12. 10 11.95 1.560 12.80
14 12.00 11. 40 18.70 231.90 19.25 19. 80 17.10 14.301 12.35 11.80 1 1.50 12.50
15 11.00 11.70 18.10 24.115 18.84) 19.150 I6. 80 14.75 12.20 1 1.00 11.40 13.20
16 11.30 11.80o 17.80 62, 40 18 30 19.45 16.50 15,15 12.20 1 1.54) 11.40 12.900
17 11.20) 11.90 17. 20 25. 25 17:80 19.2(0 16. 40 15.20 12.10 11 40 1 11. 'i0 12. 00
18 11.00 11.90 16.80 624. 65 17. 30 18.85 16,20 15j._0 12.00 11.30 11.90 12.30
19 10.80 12.00 16. 40 24.10 16.80 18.80 15.90 11.00 12.00 11.10 11. 90 12.00
20) 10.0C0 12.15 16.00 23.90 16.60 18.80 15.00; 142.25 12.05 11. 10 12,10 11,130
21, 11.00 12.40 15.50 23.50O 11, 25 19.10 15.30 1.1'.10 12.20 10,90 14. 00 11.00
22 14. 20 12.80 16. 10 23. 15 16.00 19.80 15, 10 1.1.35 12.20 10,75 I15.30 10.90
23 a 15.30 13.00 14. 85 22. 70 15.70 20. 40 142.90 11.20 12:15 10.65 114.50O 10.50
24 alS. 60 13.60 1-2.65 22.20 15. 40 21.00 14.860 13.90 12.10 10.50 b1H.140 10.10
25 10.50 15.30 148 21 153021. 40 15.10O 13.50) 12.41 10 .1 140 97
26 16.90 17. 80 15.10 21.80 15'.15 21.54) 1.5.00; 13.21.0 13.25 10.40 s138 9_.30
271 16.060 19.80 17.30 21.50 aI 15.10,20.90 16.30 13.20 131.70 10.30 13.50 bS. 80
28 10.50 20.80 19.00 21.30 a 15. 10 20.25 15.900 1.I.10o 13.90 10.,05 13.40 8,.50
129 16.30 .....22.50O 21. 20 15.20 20.00 15.35f 1.5.10 14,t0 10.001 113.20 8.20
30 16.1 b24.10 20.95 1.5.30 b 20, 25 149 1.7 1.9 10.00 13.10 9.00
I:::::::: b2520 . 15.30 .~~i 14.40 a14. 10 .11)... 10.9.... 0

311 16. 2 52 ....1A ....II98

a Changed less than one-half foot. b Heading changed one-half foot or more.

19)07.
(Gauge, 116.80 miles frorni Eads Bridge. Zero of gauge, 320.8.1 feet abiove W1emphIs (latluln planle.. Gauge

rea(1 at 8 a. in.)I

Day. Jan. Feb. Mar. Ap1)r. May. June. July. Aug. ISept. Oct. Nov. IDee.

I 10.05 19.65 16.8 17.2 19.0 17,3 23.4 25. 2 16.0 12.3 10.61 9. 55
2 10.2 a18.8 16,8 17.8 19.5 17.4 22,9 2-1. 6 115.9 12. 3 10.7 9.5
3 12.6 18,1 11). 65l 17.9 20.0 17.7 22.5 6 23.90 15.7 12.4 10.11 9.15
4 13.9 17.55 16.4 18.2 20.0 18.3 22.)1 22.8 15.11 12.7 10.1 90.4
5 13.4 16.7 11.15 18.1 19. 9 b 19, 5 21..5 2~2. 0 15.5 13.1 10. 5 9.4
6 13.85 15.8 15.9 18.0 19.7 21. 65 20.9 21. 3 15.4 13.61 10.3.5 9. 2
7 14,6 14.0 15.85 18.0 19.5 22.1 20.4 21.0 16.3 14.0 10.35 9.1
8 14.85 13.7 15.7 17.7 19.3 22.0 20.2 20.6 15.25 14.3 10.25 9.0
9 15.0 12.8 16. 5 17.7 20.0 21.6 20.4 20.6 15.1 14.11 10.1 9.j
10 14.9 12.1 15.2 17.7 20.8 21.4 20.5 20.4 14.8 14. 3 4 10.05 9.0
11 14.8 11.7 15.0 17.85 21.1 21.9 20.5 20.2.5 14. 4 14.6) 10.0 9.0
12 14.65 11,55 16.05 17.85 20.8 21,8 20.5 20.0 14.1 14.8 0.9 8.8
13 14.6 b l.6 16.1 18.5 19.9 212.5 20.45 19.5 13.7 14.85 9.8 8.7
14 14. 4 b 12. 1 b 18. 9 19.1I 19.1 23.3 20.6 19.0 13.4 14.8 9.7 8.7
15 14.0 b 12. 5 a20.2 19.5 18.9 23.8 21.0 18.7 13.1 14. 5 9.6 8.8
16 16.0 13.6 20.4 19.5 18.85 23.8 21.4 18. 6 13.0 14,1 9.6 8.8
17 15.5 13.7 19.6 119.3 20.0 24.1 21.7 18.3 12.8 13.7 9. 55 8.8
18 113.6 13.7 19.4 19.25 21.65 23.6 22. 3 18.1 12.55 13. 35 9.60 8.9
19 18.8 13.8 19.2 19.25 21.9 22.9 23.2 17.8 12.3 13.0 9.5 9.0
20 21.3 14.2 19.1 19.5 21.6 12'2. 1 24.05 18.2 12.0 12.7 9. 7 9.05
21 23.7 14.2 19. 1 124.0 20.6 21.65 24. 3 18.9 11.9 12.45 9.95 9.0
22 25.60 13.9 19.2 20. 5 19.1) 21.2 24. 55 19.2 11. 7 12.2 9.8 8.8
23 120.2 13.8 18.8 20.8 18.7 20).9 25.05 19.60 11.5 12. 0 9.8 9.0
24 26.4 11. 4 18.0 20.7 17.8 20).SS 25.55 20.2 11. 5 11. 7 9.8 9. 4
26 26.3 15.2 17. 5 20.7 17.1 21. 3 26.0 19.5 11. 7 11. 5 9.75 9. 55
20 25.4 16.4 17.1 20.8 16.6 122).3 26.2 19.2 11.85 11.35 9.7 9.5
27 24.4 16.7 16. 8 20.4.1 6I.0 2.3.1 241.3 19.5 12.0 11. 3 9. 6 9. 4
28 23.0 16.8 16.7 20.0 15.8 23.8 26.0 18.5 12.15 II.1I 9. 6 9.4
29 21.9.....b 16.603(19.6 1f).1 241.1 25.7 17. 12.2 11.0 9.61 9.5
30 120.8. . 65 1. 1. 3.9 I25.5 111.75 12.3 I10. 8 9. 6 9.45
3120.1 . . 16.8 ...... 16.5 ...... 25.2 163.35 ...... 10.7.9

a Chmijed less than one-half foot, b Reading chang,(l one-half foot or more.



20()O \\v'A1'1"1\nvAy, St1'. 1,OUIS UC) ' GilEGUL1P ANDD C1IICACO0.

Iluftiu/,bl/cd rp(lU f/C rI(1(li/ii,a .(l(sl(/ 5/s(litio)ls between ({h(iil ,J 'Rorks (ll(1anido--Cont. ul

MOCCA.\SIN SPRIN(S, MO.--.Cimlimiied.
11908.

[(Gauve., !i.S0 niles fromI E mb; 11rIdgo. Zero of gan1g1Oe, :120.81 feel. albove Memhil: (ldtuu pilne. (dmuge
readlit 8 II. uii.J

;,Aul"z ( (iscol( illled tfter Jahuiarv 31, I)9S.

ii;8.~:Ii
... .... .. ..

I..... . .
. . . . . . . . . . . ...

...............
..................... .. 1, . .
' .. ' .. 'I' .......
-* *---

........ g........ .. ................ .. ................ . ........
1'------- --------
, ... ........
]........

....... ..w... ..

..... ........

....

28. 30
28. 30

28. 20

28. 35

28.25

28. 30

28. :10
28. 60

29. 00
29. 15
29,90

:30. 30
:10. A)
:1.25
:11. (i)
31,. 80
3 1. d(

910
I. 75

:31. t')
:11.

('1

........

.I......
I.......

... I. ...

. ... .... ... .. ...

... ...... ....

... . .. !... . . .

. ....... .. ..

I. . . . .

. . . .. . .

I........
. . ... ..

.. . . . . . . . .

I ... . .. . . .

.. ..... ..... ....I

.eli. Oelt. N'ov. |Det(,

. ............... ........ .......

. . . ... . . . . . . .. .-.'..... I ........ ... . *., 1 ~~~~........ .......~~~~~.,,.. .. . . . . . ..

, . .. .. . ..
.. .

.......

. !~~~.... .......

-.... 1......, ......
. '-'----' ''---......... ....*

. ........ .. .......
, .. .. .. .... . .

. , ~~~........ ......
, ,,, ,,, ,, ,, .... ..,,... ,....,,. ... .. . .. .. .. . .. ... ...

.... .... .... .......

. 1~~.. ........ ....
. .. .. .. . .. .. .. .,,.. ...... ....... .......

.j.,,.. ........ ..........

....... .. .. . ....... .......,... ... . .. . ... . . . .. . .... . . . . . . .. . . . . .,...... . ......... .......,...... .. ....... .. .......

auwge, 13:6.82 uniles frollm ands llrldge.

I)n.' J11. F| l)e. M\1ar

I ..s., . 7.4, 0. .......

2i 17.2 7.4 10,
16.2 8.2 11).

.1 15. 2 9.0 11.

hI 1-1. 2} O.). It.
6 13.20 1 .6 11.

7 12. 1 10.1t 10.
8 I,, , 10:5 lo.
9 lo. 8 lo. a 10.

10 10.-2 10,5 0.

I11 9.8 10).2 9.

12 9.1 9.8 9.
13 8.6 9. 6 9.

1.1 8X.1 10.41 9.

15 8.2 11.8 8.

16i 8,0 13..1 8.

17 8. 0 13.7 8.

18 7.9 13.2 8.

10 7.8 12.7 8.

20 7.8 12,.2 8.

21 7.8 11.11 7.
22 7.11 10.7 7.
23 7.8 9.5 8.
241 81 9. 0 9.

25 8. 6) 8.41 1).
26 8.5 X. 1 10.
27. 8. O 8.0 10.
28 8.1l 8.3 11.

29 8.0 0.0 11.

3o 7.7 ...1.1.

3 7. 6 ......

,01
3
8

2
2

0
6

8

2

0

8

3

1
0
8
8
0
7
9
0
5
2
.1
0
0

( IIA YS P0 INT', M O,

1890.
Zero of laulg, 308.1.51 feet aillove Meillphis (ldatil l)101W.plIugei

rea( alt 8 II. In.]

pr. May.

11.0 13.7
t11.0 14.6
10.7 1,16.
10.1 16.2
10.2 15 .2
10. 0 15, 2
10. 0 15.2
10.0 15.2
10.1 15. 2
10. 2 151.1
10.4 1I .6

t11.2 15.8
I1.1.1 10.0~o

16.2 16.0

15.2 15.4
111.7 15.3
1-1,2 15.1I
11,8 16.2
13. 1 l5.3
13.1 17.1
12.0 20.8
12. 2 b 23.3
12.0 2.1.8
11.7 26. 1
1.5 201.2

11. 3 b 'l6. 8
I 1.4 27.1
111.6 27.5

12.2 27.90
12.0 27.7

....... 127.1

20. 8

26. 2
25. 7
25., 7
26. 7

25.

26.4
126.11

24. 8
21. 5

24.3
23. 0
23. 5

22. 7
21.
20. 2
10. 1

18. 5

18.8,
19.1 1

19.6

18. 5

118.31
18.2
18. 2
18. 1

1 !1S. 8

18.7
18. '118.6
18. 7

18.8
18.8
18.8
18.6-
18.4

18.11
18.
18.0
17.4
10.8
16.0
16.21
11.D 1

1~1.fi 1

1.1.6

17:

22.2
2.2

21. 7
20. (1;
1S). 7
18.9

17.
17,.1

Aug.

1. 2

15.9

IC.8

16. 1

11;.:3
1(}. *1
lb. 3
16;.2
16.2

14. 311.8

14.3

13.81
13, 1

13 2

12.8
12.1

12.9
-13.6

1:3.
11. 0
13. 8
13. 6
13.2
12. 9

12. 3
11.

Sep~t.

11. ~1

11.1
10. 6

10. 1

9. 7
8. I

8.88,60
8.G
8.

8.

8.

8. 28. 1

8.2

8.6

8.89,06

10.2

12. 2
12. 0

I t. I

11.1
10. 7

Oct. Nov.

10. 1

. 0
9.6

9.3
9).0
8.9

8. 7
8. (1

8.5r)
8.4.1
8. 4
8. 4
8. 4
8. 4

8. 4
8. 1

8. 6
8. 7
8.6

8.5
8. 4
8. 1
8.0
7.9

7.8
7. 7
7. (

7. 4
7. 3
7.3
7.2

7.2
7. 10
7.10
7.60
7.95
8.70
9. 60

10. 60

11.5
111.00
10. 66

10. 10

9. 70
0.40
U.30
9. 20
9. 10
9. 00
0.05
0.10
9. 10
9. 05

90.00
8.85
8.76
8.75
8.70
8.75
8.70

... ...

J)ec,

8.70
a 8.70

8.50
81X65
8.560
8.35

8. 00
7.60
7.30
7.10
(1,90,

I 6.85
6. 80

I 6. o
1 "7. 25

7.60
7.90
8.40
9.00

9. 60
9.70

19.85
9.76
9.60

9. 60
0. 40

19.26
05

8.90
8.80

a 1toail(ing cllgnge(1 less .hall o11-ohalf (oot,
t Doubtful. Roadlngs oil tht) following dates aro deduced from roeaini1gs oln (ray.s Point, EngIneer

gnlilg Juno 21-27, InclusIve; July 12-Aug. 1, Inclusive; Aug. 8-Nov. 1, Inclusivo.

, 1'(s.

......
.......
.......
,......
......
......
......

.......

.......

.......

.......

.......

..............
......

.............. .. t

.......

.......

.......

.......

.......

..............

.......

.......

.......

.......

.......

.......

Mar.D av.

I.,
3i

.1

.1lo
I(I
12
13§
11I5
I)II7
2'
2 1

')7
22
23

I9

9. 10n). Mn
0.0

8). M
tS. X()
x. 7()
x. I'5;)8. 1)
8.5)

l}. 90
1t). 90

10.001). t)o
!). 10
9. 00
8.71)
S. 3.5
K. 30
8.20)
S.60
8.60
8. .0
8.65
8.50,(
8.330
8. 15



WVATERWVAY, ST'. LOUIS TO TILE OULI' AINI) CHIICAGO. 201

Ttiihitehd gauqe rrading (i t sedcdy'd slt(iton8~brh/nn ("'bai oj'Roc-k8 and U(i'iro- ('ont'd.
0 RAkY S (IMO- otnh.

I1897.
[0auge, 136.82 mIles front Eads BrIdge. Zero of gauge, :l0S. 15 feet [Ilhove

r'eadltit 8n. tiii.I
Memphiils datuml plane. Gauge

Afar.I Apr. May.

17, 25 27.8So
1(1.80O 211.10
17. 23 30,50
17.81) 31.10
18.19( 31I:1)
21.90 a 30.901
"21 30 31) 811
2(11 70 30,(. 90
27. 35 IJ:1, 2(1
27.331)t.ii 31)
2(1.20 3 1. (3

*25.(9 :1 1.8So
25. -11) :11.1)9
25.20 3 L 1ss.
25. 10 3 1. 311
21. 70 :10.M
2-1.5(1 29,00
241. 9( 211. *l0
25. (;0 20. 20

a25. A 28.80O
25. -I10 28. (A)
25, 70 28. 50
2(1, 10 28. 415
2(1,.10 28. -19
2(0. 60 28. 30
211. 1) 28. 25
2(1, S0 1. 27. W)

1' 27. S0 bi 27. .15
" 28. 00 '"27.50
27. 00 2 i. i)
27.70.....

'28. (30
20. 21)
2'J 5(1
20. (;0
29. 3.5
29. 10
28.50
27. (15

a 2(1. 9(1
2(1. 11)
21.9)0
21.40
23. 511
)22 (O
21. 71)
21.10
a20. (1)O
21). 1(1
I19. -5()
I9. 10

018. (3O
18. III
17.5AM
17. 05
WI. 70
1 (1. :15
1(1,55
1(1. 85

" 17.00
III. 85
1(1. 83

16.8
101. 25
15.75
15, 70

1(7. 55

17 I

It 25

I I O

(I K)IK

I 6, 70
It 18. '2(
17. 90
Is. 1)1it18.05

1;19, N)

July. Aug.

21.15 15. 0
21. . 15.10~

21. 60 I1 .1. 8
21.1) 11. 20
21, 6 I4 0

'20. SO) 13. 71)
90 10 113, 55

I .7( 1:1.23
I18S:) 12.11(1
17.81) 12. 75

W(, 1(1 12.53r

IS. 70 112, .111
135. I61) 12 '20
1A,80O 12:1O.)
IS. 71) 11,1)9
15. 1( 11, 85
1.1.0SO I1. 15

11.70 1 1, -I
'(5.7(1 II. 15
17.355 10.1)3
18. 21) 111. ('W
17. 701) II. 30

Sept. Oct. Nov. D)ec.

9.00 7.10 i.(105 (1.O0
91. GO 7.00 (1. 15 6. 10
9. 30o (1. 95 Ii. 20 I, 10
9. 10 (1).90 (1.23 (1. 20
8.90 (J. 90 (1.20 51 95
8. 70 (1.s0 (1 .15 5. (t
8.-55 (1,80o (1.15n FI).o
8.40 (1.75 (1.30 41 (A)
8S. -l0 (1 (5 (1,1lo I.1l
S'.10 (160 (180 1.70
8.110 (155 (1.80o 1 !)0
8.30o (1.0 (1.90' (A)
8.20 (1. 15' I(i.95 M70
8. 00 (1,10 7.00 1(X)
7.85 (1, 35 7 00 1
7.71) tI~0." I: 1
7,70) (1,20 1 9 4N)8
7.360 6i. I 7.00 5 10
7. :10 (1.10 7,00 5.00
7.20 (1 .05 (IN1o4 80
7.1 1 1.03.O (1 70 1. 2(0
7 11) (1. 00 I(,1,55 1J70)
7. III 5. %1) 1;.¶-l 3'
7.00 5,.90 145 31(
7.00 5.00 (1,50 311(1
7.10 5.1K)o I3.1:0 2. 95
7.30: 5.090 (.1.50' 2 90
7. 30 3.900 (1.50o .1. 0.
7;25 f1. 00 (I,4.0 3.(0
7.13- (1. o) (i.Oj I. 10o

(a ('11anlged less Ihamu onte-hltIf fool. H eatlpuig chanltged ote-hitU (foot or more.

181)8.

1Gauge, 130.82 miles from EalS Bridge. Zero of gaulge, 308.15h feel ahove Mempuphls
read ait 8 it. in. J

Jati.

6. 20
6. 16
6. 30
5. 20
6,00
6.00
5.46
6.06
6. 06
7.6(1
8. 60
0.70

10. 10
10.50
10. 30
10. 10
10. 06

11. 70
12. 60
13.60

14. 80
16. 20
16. t0
16. 10

Feb.

11.1,80
1.1. 75
14, 30
14. 10
12. 50,
11L 30
10. 10
8.75
7, 76
7.650
7. 96
8. 60
8. 80
0.30
10.20
It. 30
11. 60
11. 70
11. 70
11.90
12. 60
13. 30
1.1. 05
13. 06
13. 20
12. 65
12. 06
11.70

Mofr.

11. 30
10. 90
10.76
10. 501
10. 40
10.20
1(.10
10.00
090(
0. 80
0,80

10. 36
12, 60
13.70
10. 46
18. 60
10,00
19.60
19. 66
10. 86
20.30
21.00
23.00
20. 30
27, 30
27. 30
27. 50
28. 10
27. 70
27. (C0
27. 1(6

'APr. Maly. iJuito0.
28, 20
28. 00
27. 10
211. 20
26.1CO
26. 00
2-1. 60
24. 66
2-1, 20
23. 70
23. 30
22. 70
21. 80
20. 900
20. 30

10.86519.560
18. 40
17.60
1(3. 90

16. 10
16. 70
15. 65
1(1 10
17. 80

17. 70
17. 15
16.96
17(165
20.00
21.70
22.70

I22.650
22, 16
21. 70
21, 10
20. (10
10.80
18, 00
18,60O
18. 26
18.00
10, 70
22. 10
23. 20
23, 110
24,00
25. 70
26. 00
27.00
20. 60
26. 75
26.00
23. 80
23. 30
22. C0

21. 80

21. 15

20,116

20.80

21. 30

21.,70

21,80

21. 70

20.0511
20. 30

20. 00

20.35

21. 30

22,2(1

22. 95
23. 20

23. 80

24.900
25. 30

26. 20

2-1. 315
23.3:5
"22. 35
21. 10

20. 70

20. 20

20. 75

20. 75

21.905
22, 80

,JuIIIy.

2:1. 06
23. 10
23. 10
22. (3(
21. 80
21. 10
20, 60
20.900
22. 70
23.01)
22.80
22.50,
21.130O
20. 70
19.80
18.9(5
18.90(
17. 10
1(, :10
15, 70
15.20
14l.86
1.1. 80
1.1. .1(1
13:1.9
13.110l
13. (15)
113. 8(1

Il.1.(O

114.60 1(1.1
1-1. (15 9. 76
11, 35 9.40
16. 10 0. 10
15I.76 8. 90
15.560 8. 70
1.1.80 8.50~
I161.0 8.410
1 .1.80 8.45
14l.00 8.80
13. 85 9.650
113.50o 10. :10
12.90 11. 30
12.40 11.60
12. 60 11.560
12.50 11.06
12.40 10.50O
12.30 10. 86
12.10 12. 10
11.90 13. 00
11.900 13, 10
12.71) 12.60O
13.30 12.00
i3.1I 11I. :10
13.110 11l(16
11.70 1. 66
11. 30 11.7(1
10. 95 1.50o
10.56) 11.110
10.30( 10.00O
10.15.....

dlaltilil ptlane. Gau11ge

Oct.

10.80
10. 130
10.00
9.60
9.30
0.0CO
8.00
8.60
8.30
8.00
7. 90
7. 75
7. 70
8.10
8.50
8.20
7. 80
7,560
7. 30
7. 30
8,00
0.20
11.00
12, 30
12.80
12. 60
12. 30
1 1. C0
11. 20
11. 50
12.40

Nov.

12, 70
12.4.6
11.80
11. 06
10. 40
10.00
0.70
0. 70
9. 80
10.00
10.20
10. 4o
10. 76
10.85
10.70
10.50o
10.25
10. 00
9. 70
9.410
9).30
0. 30
9.20
9. 20
0. .10
10.00
10.80
11. 70
11. 75
1100

D)ec.

10.20
9. -10
8. 90
8.20
8.10
7.70
7.4.0
7. 10
686

0. 21)
b. (15
.1. 95
*1.60
4.20
.1. 36
.1. 60
*I. 90
(1,20
7. 00)
7. 00
7.5(1
8. 70

10..1(1
11. 70
12. IS
12. 70
12. (15
12. 20
11. 9(1

a Chal'nged less (hllo one0-half foot.

D~ay,

2
I

7
8
9

'I
12

I I
I,';
17
18
19)
20
21
22
23
21
25
211
27
28
20
30

Feb.

10. 93
10.25
1), (010
9.110
0.70
11. 90
10.25
10. 35
10 65
*IL00
12.75
13J. 70
13.80

a J4,. 10
a 11.50

1.1.100

15. 10
11..90
14.40
14.30
15.40

17. :is
17. 903I
17. 80'
17.33A

Jilt.

8. 75
8.75
8.80o
10,00
19.50
21.00
25. 10
2-5. 50
2 1. :10
22. 201
1o.9.00
17. 80

b 1(1 10
I-1. 75

13. 10
12.81)
12. (35
12. 65
13. 65
15h.00
15A, 70

13.25
12.1N15
11.85

I)ay.

2

41
51
(I1
73i
8'!ol1
10
I1I
12
13
14
16
16
17
18
to
20
21
22
23
2-1
26
26
27
28
29
30
31

I



202 WATERWAY, ST. LOUIS TO THE GULF AND CIHICAGO.

iTabulate(d yauge readings at, scetted stations between Chain of Rock8 and Cairo-Coxit'd.
(IIIAYS POIN'1', MO.-Coiitiniued.

1899.
[(allge, 136,82 iilles fromti Ends Bridge. Zero of gaugo, 308.15 feet tabove Memphis datum plane. Gtauge

rea(1 at 8 a. 1n1. ]

I:

.1

C',8
I

4,
10
11
12
13

I15
16
17

20
21
22
23
2125.,f
-20l
27
28

20
I3

11.75
19. 85
0.110O
9. 15

is9. (N)
8.70
8. 65
8.S0

8.70
9.00
10. 30
11.6i0
I ,, irm11.3611.35
11.60
11. 70
11, 70
11,60
11. 20
-10 &.
Y10.30

19. 20
10. (O
9.60
9). 4(1
9. I()
8. 75
8. 20

le>. I' lar.

7.2

(7. '19
7. .")
0.10
.7.60
8.!0
8.9!(3
9. 10

1t). oo
!1. to
10. 35
i10. 40
10.30
It. '2;
to. 3.'
90

9. 10

8.00

o.no
10. 90

11.70
.... 7(.
8.91)..
8......

1(0.60
18.20
18. 60
18.0o
17.80
17.60
17. 10

('17.3(
17.30
10.95
1(1 90
17.00
17. 2(1
17. [0
17. IO
18. 3020). 30
"(). :10
20'. 0)
21. 410
22. 30
23. 10
23,.30
23, 00
292. 0o
22. 00
21.60
21. 00
20(. 0
20. 20
10. 60

Apr.

19.160
19. t6
19. 60
19. 20
19. I5
19. 25
1I). ()
19, 75
19. 60
19). 30
I !1). (X)
18. C0
18. 60
19. 10
1)9. 10
18, 80
18. 10
17.70
17. 55
17. 45
1'i. 60
18, 40
19. 20
21. 60
24. 00
25.25
25. 80
20. 00
25. 70
25. .,.'

Mltly.

25. 55
25. 65
25. 6W
25, 30
2.1.40
23, 20
22. 6
21.91)
21. 30(
21.20
21,70
22, 00
22. 70
23. (K)
2:3. 20
23. 10
22. 70
22.00
21,60
20.90
20, 40
20. (0
21.30
22. 80
24.00
24.80
25. 30
25. 25

21. 30
23. 90)

i 3, 70
23. 60
23, 80
24. 30
2'1. 10
24, .10
21. 60
2.1, 60
24. 00
23. 60
23.6
23, 60
2:3. 70
2 1. r0
2.5. 10
24.80
24, 00
23. .10
23.30
23, 30
23.20
23.00
22'.70
22. 20
21.60
21.20
20.90
20. 80
20.90
21.25

July.

21. 16

21. 60
21. 70
22, 40
22,85
23. 10
23.35
2:3. 60
23. 60
23. .J0
23.60
23.90
2:3. 70
23, 20
22. 70
22 10
21, 70
21,36
21.20
21, 10
20, 80
20. 20
19, 65
19.20
18. 75
18. 26
17.70
17,20
17,.00
16. 10

Aug.

10. 10
15.50
10.00
15,90
15,70
15. 60

a'15,'.1
15. 10
1. 75
11. 7(
15. 60
17,00
17. 1()
17. 20
10. 80
10. 60
10 00
16.20
1.1. G0
14, 10
13.70
13.30
12.95
12.60
12.00
1.60

11.30
10.95
10.75
10. 55
10. 30

Sept.

10 20
10 20
1().25
10.20
10.00
9. 80
9.60
9,45
59. 35

"9.20(1), 20
9.35
9.40
9.40
59 .10
9). '10
0.30
9.20
0. 15

aO.30
9. 10

0.16
8. 0
8.80
8.(;0
8.60
8.40
8.25
8.20

........

Oct.

8.10
8.00
7.90
7.f80
7.70

7. (6
7.40
7.30
7. 10
7.05
7.05
7.00
(;I05
(.80
0. 70
0.80
0.76
13. 76
0. 85
6.80
6.80
6.70
(. 60
6. 65
6.6o
(. 45
6,60
0.70
(. 90
7.30

Nov. Dec.

7.60 8.60
7.30 8.40
7.20 8.20
7.26 8.00
7.60 8.00
7. 70 8.00
7.00 8.00
8.10 79)0
8.30 7.75
8.60 7.76
8. (0 7.84)
8.80 7.80
8.95 7.70
9.10 7.770
9.15 7.70
9.20 7.75
9.20 7.85
0.20 7.65
0.10 7,30
9.10 7.30
9. 15 7. 0
9O10 8.00
l. 0( 8.00
9.20 7.70
9.30 7.30
9. 40 6.90
9.40 0. 30
9.10 6.80
8.70 5. 30
8.65 6. 05
_ _.... 4.00

I ('hanged less tanll ollc-lhalf foot,

190(.
(lGange, 130.X2, iiles from En(ds Bridge. Z:ro of gautgo, 308.16 feet above Memphis (datiln platleo. (anlge

rea(1 at 8 a. in.)

Day. Jan. Feb. Mar.

I 3, 20 (1 .0 10.90
2 2. 20 6.80 10. 30
3 1.,60 C 10 10.0(O
*1 1, 60 3. 80 10.00
f 1.50r 1. s0 10. (0
6 2.70 1.00 10. 70
7 3.60 3.00 12. 80
8 0.10 1. 00 17. 30
U (), ('60 0.00 D1.9(5

10 7.00 7. 80 20.10
11 8. 00 9. 80 21.00
12 7.30 10.00 22.10
13 6.70 10.80 23,05
11 0. 30 10. 60 23, 00
15 0.30 10,30 21.60
1i 60 20 10. 10 21. '0
17 (1.20 10. 00 2.1,90
18 0.00 )900 214.70
19 6.00 0.65 21. 10
20 0.60 0. 00 23, 10
21 7.80 10.00 22. 00
22 9. 0 0, '( 21. 00
23 10.00 1 1.,K) 20,20
2-1 9.0 1r IlO 19.70
25 8. 89 12. 40I 11). 30(
26 8.65) 12.60 18,S.
27 8.60 12.'0) 18.3(
28 8.6 0 11.60 18.05
201 810 ..... 17.no
30 7.90..17,()
31 7.30.1(1. 0

16. 10
15.70
15. 90
16. 05

10. 10
10. 'IS
10. 85
17.6
17.80
17.90
17. (0
17. 00

l18.001
18.80
10. 70
10..101
18. 70
17.900
17. 30
17. 10
17. 35.
17.70
18, 00
18. 10
18, 7(1
19. (10
19. 15
18.00
18.10

18. 10
17.60

a 17. 30
17.20
17. 30
17.20
17.120
17. 70
18.00
18.20
18, 10
18.00
17.70
17.80
18.16
17.75
17.00
160 30
16,05
1,00

11605
15.05
11, 00
10.00
16, 00
1 .85

I 15, 6r0
165. 2,6
I1.. 59
11. 75
15. 20

16.170
157,10
16, 60
M15.5
16,520
14.90
14i.60
14.35
14.-20
141.10
13.85
.13.650
13.60
1.1. 10
10.30
16, 55
16.900
16.20
11.80
1-1.7014. 701'.70
15. 60
11.0C
17. 60
17. 75
17, 5
17. 60
I1. go)
16. 10

July.

16.55
16.00
14.70
14.65
14. 40
14. 415
14.35
11. 10
13.65
13.30
13.10
13. 1012,:,0
12.90
12,80
12.60
12.30
12, 60
12.60
12. 30
12.30
12.15
12.35
13.20
1.1.60
l5. '10
16. 60
15.6O
16.20
11. 85
14..10

Aug.

11.00
13.80
13. 10
13.00
12.60
12.3(
11.85
I11. 10
10,00
110. 0
10, 10
0. so

I9.10
9. 15
8.85
8.65
8.410
8.25
8.20
8.60
9,00

10. 70
11.40
11.60
1 1, 0
11. (M)
11. 70
1 1.60O
11.60
I11.415
11.:30

ISFe)t.

11.55
12.05
12.30
12,35
12.35
12. 35
12. 15
12.40
12.00
t11. 15
11.00
10.65
10.20
10.90

9.05
9. 30
0.20
0.10
0.00

8.90
9.00
0.30
09.70

10, 10
10.20
10. 60

10,60
11.05

Oct.

11.70
12,20
12.05
43.'30
1.1.30
14.85
14.80
14.35
14.25
14.60
14.80

l11s.45
13.80
13.16
12,76
12. 60
12.30
12.20
12. 15
12. 20
12.30
12. 60
12.75
13.10
13.f65
13,85
I.I.W
14. V0

14, 2
14130

Nov. DIee,

14l . ,0) 1 13. 70
1.1.065 13.20
1.1,35 12.G0
13. 00 12.20
13.70 11.76
13.80 11.40
14. 00 10.90

a 14.50 10.65
'16.10 lO. 10
16. 35 10. 10
16.20 9.90
14.85 9.80
14.060 9.05
14, 35 0.40
11.262 9,20
14. 00 9.00
13. 85 8.80
13.76 8.60
13.85 8.35
14 05 8.05

111.00 7.85
1 1. 00 7.¢0
14.20 7.55
1 1.70 7.30
141.60 7.20
14. 60 7.05
141,45 7.00
1.1.30 7.00

r 14.20 7.10
a1.1. 00 7. 05I....... 6.80

-ih.a--e...--le-S (luau f o -t.-.-.

1(1011111ged loIss t)filil olletilillJ foot,

Apr. Af fly.
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Tabulated gauqr readings (it selected stations between ( 'hami of Roe.- afn(l (,'iro---(-'LI .

(LlMAYS P(A)NT,'I' !1() -(Comtl im1(1
1,1901.

[1; au.', 1:16.82 miles froml IEads B rIdge.

Jinl. Feb. Mar.

(.60 7.065 8.00
(1. 10 7.80 7.S)C
0.25 7.70 7.70
6.00 7.60 7.10
6.80 7.60 7.10
5.60 7. 60 7.20

201 7.46 7.80
1.1.5 7.60 8. 10
.1.80) 7.40 8.6.55
6. 00 0.85 1 11)
5.40 0.10 I 1. 8)
6.90 6.60 141.(6)
(.70 6).80 17.J0
7.80 6.10 18.70
8. :30 (1.20 19. 1)
8.60 6. 26r 19.00
8.80 6.30 18.86
8. 70 0.35 18. 71)
8.65 6.10 18.60
8.80 (. 60 18.60
8.70 6,80 18. 365
8. 60 7.(0 18.10
8.30 6.66 18.40
8.25 (1.65 19. 1
8.3:S0 0.1I5 1)0,65
8.30 0.60 20.10
8. 20 0.06 20.35
8,00 7. 6) 21). 25
8. 00. 21). 1111
7.V0I I go
7. 9S)) ..... I 10.,SI)

19. (10
19.95
20. 20
20.31)20. 1.5
20.61)

91: 20)
221.60
21. 91)
22. 70
23,3)

23.1(6

23. 81
23.6,5
23.80
2-1,40)
21.0)
21. 2)
23.30
22. 60
22. 1()
21.60(
21. 0)
2(1. 60
22. 21)
19.V9'
19. 71

Zero of gauge, 308.15 f'eet above MeinptJ)t Ialsphiii,pla.,. (.allp,
rea(1 at 8 a. Ill.]

May. June. .ln y.

19. 55 12.01 ) 1(1. s
1t). 30 12. 'O 11. ;i0
191.0 12. .1) I i-5s.)
18.65 12.131 I5. 365
18. 2) 13.8) 11. 80
17.80 1.IIl; I I. '25
I71.10 1 1. 1. 8I1:.8)
16.9)) 15. 13. :10
1(A.O1 15.3.), 13. 2(
15,.95 15.0l. J3.120)
165,60 I5. 1i I3.1)
1. 20 1i, 2 II ()()
11.95 IS. (10 1)

11.101 .) 1A 12.1))
Il.l0) 1(1.!10 12.81)1., ( {, ) } )
13.86 1 6,)O5 12. 70
13. 70 15. 71) 12. 71)
13. 60 16. 30 162. 71)
13.40 IS. 00 12. 7)
13.151 1.1)) 12.95
12i.1 1 11.190 13. 2(1
12. 71) 1 5,.00 13 )
12), ,',)O 1.',. 60) 1'!. (if)
12. N0 15.31) 121.)3
12.3() It). (1) 1 .11. )
13.1)) 1 1I).71 11.1G)
1:3. 2.5 17'. () 1.H
1:3. 1) 17. 1I) 1 (:. )
12. Sf5 ...... 11.I)(
_~~~___i -

A Ig.

10.90

II. 10
II. 10
11. so
11). 21)

P.1 21)
S. 9(5

IN). '911

Sg. (;0

!1. (1))

1) II)

1). 31)

8. 1),'
8. U5
X. 71)

X. l()

7. :t)
SI1'
.S O)'

7.!0f
.i/

7. ll
';60(
t I,)

8(S~1),

7.11)
7.25
7.10
7. 00
(1.85 I
10. .',(6.. 70

fi. :0.61.(06.35
.31)

I6l. 11)
I o. :11)

6,,,1),-
:;. !1
6 111)

6. 1(0
(). 00

7.80
S.

1)S. lo

7,0
j_ 1r

Oct. Nov.

6.90 7.40
6.80 7.40
6;.0i 7.10
I',l0 7.30
6. I11 7.220
i.:))M 7.00
6i. 1t) (1.110

(1i. (51. 70
(1.70(1' . 60
(1.s (1.70
6.)) (1. 80

i. (1.81)

1;. RI) (1.81
(i9,-o (1;. 756i. So) (. Y8)
{i. ;'I5 6).-7

7. 1l) 6. 70
60 6. 70

7. fi() 6. ';0. '1) (1.760
006 (1.70

(1-1.607Ir; 6..175

9s) (1. 65;
7.30 (. .')
7-3I (. 4S

1Dcc.

(1.45
0,110
6.30
6.25
(1. 21)
11. 1()
6). ((6
(1. (iW)
(;. ()
(1. 1()
(G. 1(1
G.05
6. 10

o(..10)
() 70

b0.0)
b II.00
, . r"n

b.1.,0)
b .1. ro
b,3.80
b:1. O)
b 4, 70
bI., 1)(
b 1,9))

r0. 2_)
b 5;, ")
b ,). rJ
b5,)
b 5.)2

ItI-rl)DlalA(l ---- 1o relfllding. 1? D)0l111fill oil niecoltit) of In'.
1)1)2.

[(laugie, 1311.82 miltes fromtE Isad lsrhlgv. Z/ro of glluge, :11)8.16 feel

rea(l at 8 at. Ill.)

)ay.; Jan., Feb. Mar. Apr.

I a 4. 90 a2. |0 8.351 13.641
2 4.80

a :3'O 8.OO I 1:1.8
:4 a 4.40 a 96 l 8.70 14.8:C
4i 0 6.50 9.1)0 1 I.181
.a4, I0 a .0

(1

7
8

10

1

12
13
14
16
16
17
18
10
20

21
22
23

21

25
26
27
28
29
30
;11

a 4. 40
a 4,60

( 00
a 6.26
6.46
6. 650
6.50
r. '16
6.35
6.10
4.70
4.46
'.76

6. 0o
6.16

6,10
6. 20
6. 20
6.31)
5. 30
6.20

a 5,00
a '1.60
a 4.30
a 3. 60
a 3. 10

aa6,60
1aO0601
a7.00
a ,0. 0

a 7.00

a 0.30
a 6. 40
a*6. 40
a 30
a6.30

0. 601
a 6.60

06.80
I 7.00
a 6.70
a (1 .80

I (11 ).90

7 . 1
a

7,:10
a .80

.

10.20
10.20
10.20
10.70
11. 70
12.00
13. 50
13. 70
14.00
11.900
16.70
10.30
17.00
10.70
10.20
16,6

1.a0
I: .

12.90
12.10
12. (1

11.70
11. 11O
13.(0
1:3. :No)
13.30

IF,. 10
165.00

1I30
E.20

I1.1. 416
11. 76

1:3.2(
12. 70
12.40
12.00

11.76

11.26
1 1. 30
1.30

111.00

10.60
11.00
I . 6)
10.00
10. 70

.. .. .

I1.30
1 1. lit

1I. 311
11'(1)
13:.20
13I. 10
103.00

1.60

12.6
13.00

1:1.('01
1:1.(01

1:1.80

1:3. 70

13.60
13.110

1:.r,1)

141.20
1.. no00
1:1. 70

16.70
17.01)

18.80

19. :301

19. 10

19lYol)20.0019.10

21). 1(I
19.811

1I). 71)
19.20
18.8(1

19.220

211.21)

20.20

211.91)

21.20

21.00

20.71)

12(1.2()

21). ;W)

211.0)0

10.20
19.1)

9 1.20

| 1 l !:2

1 9). 'l1o

21.30

22.00
"2. 10
23. (A0
04I I ()'S,I:202.1. 11O

23z. fiO
23;. (O

21.2O

'!;3.80

2.*1.110

24.4fi
25.00(
2?f. 2()
25. 1()

215, o

25;. SO(

2:.1, S

21.80

2)1.80)(

I.

t(1Changed lo.Is halln oiw-haIf foot.

ath)OV(e M (1)p)l1 Is (flulill lalue. (IIllgo

Atig,

23. .10

22.71)

21. .11

20 .111)

20.20
19.8()

19.61)

1811.2(
18.40IS.QO1118.610
17.(iO
17. 8)
17.30
1(1.70
10.30

1(.)

17.
18. 10

18. 811

18. 1)5
18. 1)6

11). 10
I ). (i
I 0. 1)

20), 60

20.90

21.(10
20.60
I0.s)o
1). 90
211.20

21 .20
1960

17.89
1 7. 10

11). 1()1
15.41)
1.1.80}
14.20

11.3 30

1.1o)
12.61)

12. 1(

11.1.6)10
11.20)II I . MU
I I (c
1). t()
I $). 11

1 z. 61)
13i)1.0
li1;. 0
15..9 1)

(et.

1'.70
17.301
17.20
17.:310
17.8(1
18.,
18.81 ~)
19. .1(

20. !)5
21.0012 1, W(2(1). .'.)
1!).60
19.()()
18. :3U
17.6(1)
17.1')
1613;0
1(1.

1l). r;0
1. S1)

1(1.116
17.
17.75
17.85
17.81)
1 7. .6

17.00)
1t. I3)
16;.11(1(
14l.:10

Nov. I)ec.

I13.M() 15.70
I1.20 1Ii, 0
12.80 6i.1)12. .,U 1.r). F).J
12.20 15.:30
1I .1 15.21)
11.)01) 16.'21)
12:.1) 115.31
12. 65 1'i.

1I13.M 16.l0

1I:3.0M1)1 . 70
, :J. c'O ,:3.so131:.',If I It.6O
12.80 14.86
12. 6tI01 .1.l6
12.40 13,70
12.410 131:3z0
12.9~t;0 603~
13.)) 11 . (

I11.1)O II.*()
16.21. ) 1 1r) 1)

16

I IIIH . 20A )2r.00 I 1.5 00?I 'lS( IliS. 81 1 20.( 17 (

11..80) 17 I.I)
1 .1E. so) 161.93
IH.'.ONo 17.2S0
H So 17, to
15. i0 1_
I).30

1 400&

a Doubtful o)l nlIcOllllt of lee.

I)ay.

2

.1

8
'.1

I1)
11
12
1.1
I .
15
Ill
17
18
19
20
21
22
23
2.1
25
26
27
28
29
30
31

jume. jilly.III



204 WAT''EUWAY, ST. LOUIS TO THIE GULF AND CHIC'AGO.

71'thida(ld flqauig' readings at se/ecled staltionls bet wevt Chain of Rocks and (Cairo-Cont'd.
O'.,kI'S P'OINT, MlO.-C'ontlimeiod.

190)3.
[(Gatgo, 1M3Oi.8' ille-s from Eadls Bridge. Zero of gauge, 308.15 feet. above MIlelluhis (latiull plalle. (anlge

rea(d at 8 a. in.]

Apr. May.

22.00 20.00o
21.555 20.20
21.30 19.70
20.95 19.30
20.70 18.80
21. 10 18. f5
21.76 18.20
22. 40 18.00
22.70 17. 90
22.5AA 17.00
22.05 17. 0
22.00 17.0
2.)70 17.&PO
2:1. 110 17. .15

24.44() 17.20
2 1,2) 17. 10
2 .30 17.900
2,5. 70 19. 110
25. 95 20. 90
25.50 21.50
25. 25 21. 40
25. 20 21, 10
2-5,00 '20. 0
24. 50 20. 70
24. 00 20. 80
2:3. 35 222. .50
22. 2)23. 20
22, 00 2.1.0(1
21. 40 241.
... .... 2.1.00

24.70
26. 00
27.70
28.70
20. 80
31.00
:31.8
32. 75
33. 40
:33.8.
3.1. 30
34. 70
:35t. 0.'
3.5. 10
;35.. 10
:3.'. 1(1
3:1. 6(
3:3, 70
:12s. s
31.00
29. 40
28, 10
27. 2(0
20. 4(
25, 7(0
25. 25
25. (024.: 30
23. 30
22. 40

July.

21.80
21.t600
21.65
21.10
20. 50
19. 8(
10. 20
18.70
18.655
18. .4)
18,50
18.60
18.30
17.00
17. 10
17. 7(1
18.00
18. 80

420. 4012(1. 41()1
24). 34)110.00
19. 7()1
1t). 70
{2(1.00I21). 74)

2(1. (XI

20.50)20. r()
In. Ws

Aug.

18,05
18.40
17.80
17.20
17. 3)
17.05
1O. rho
111. 6o
17, 0
18.00
18. 10
18.20
18. :30
18.30
18. 35
18. 40
18.70
18.,0
18.35
18.CI0
18.76
18, 80
18.90
18. (,0
18.0
17,50
17. 30
17.00
171.83

17.35.'

Sept. | Oct. Nov. D|cc.

18.00 18.20 160,0 09.0
18.40 18.3) 16. 80 9.30
19. 0o 18.:0 .10 On 0.10
20.60 18.30 16045 8.85
20. 65 18.5o 10. 26 8.00
20,60 18, 0 101.10 8.3t.
10.05 18.90 I0. 00 8.10
10. 30- 19. 40) 10. 10 7.95
18.80 19.70 10.60 7.90
18 70 20.30 101.60 7. 70
18, 4C 21. 40 101.30 7. 45
18. 20 22. 30 10.10 7.34)
18. 76 22.40 165.0 7.10
20. 20( 22,00 15. O (1 85
21. 10 21. 70 16S. 10 0( 3)
21. 3) 21. 40 14.70 5. M0
21. ) 21.00 14. 30 4. D0
21. 240, .5 14. 00 4, 40
21. 20'20. 00 1 3. 70 4C30
21. 30 19. 0i 133.0 4.70
21. 30 19.10 12,90 6.30)
21.00 18.70 12, 5r.4)
20.30 18.30 12.30 (.00
1 .04) 18.00 12,00 (1.25
19.00 17.70 11.70 .41C)
18.30 17. 4) 11.30 7.00
18.00 17.20 11.00 7.40
17.80 17. 20 10. CA) 7. 4)
17.80 17. 15 10.25 7.25
18.00 17.00 9.80 7,10

**a W@ W¢ ta ll. M ........717.5)

n Changed legi tlla oneo-hllf foot,.

1H0.1.
miles from ands BrIdge. Zero of gaugo, 308.1i') feeot above Memphis datulill Plane. (anage

roand at 8 a. In.I

AIar. Apr.

11. 60 28,90
I11. 25 28.95
10.90 28 76
10.70( 28.05
10.70 28,30
10.00 27.00
i1,60 27,20
12.20 20. 60
12.fO 25.00
12,80 25C,30
13:30 25.:00
13.0561 26.00
1.1.20 2(1.10
14. 70 2().10
:14.80 1 25.00
14.090 25.5b0
14.80 25, 20
I14.80 21. 00
1h. 00 2.', 30
15. 30 25,. fO
15, 70 25. 30
16.10 21.80
10.10 21. 80
10. 05 25.10O
19.00 20.50n
23.410 28. 30
241. 10 30.10
2.1.600 :3. 30
20. 00 32. 10
28.R10 32. 70
28.85 ........

May.

33.00
33.0s

| 3. 00

I 32.80
.32. 40
31.60
30. 70
20.60
28.5 O
27.70
27.35
2(1.80
2(1. 10
25. 60
24. 50

23. 70
23. 10
22, 70
22. 0

22, 70
23.00
22.
22.10
21.110
21.00
20. 5O
20. 30

b20, 10
b20. 10
20. 30

I20. 50

21.80
23. 50

25. 10
25I, 10

25. 10

25,60O
27.00
28. 10
28-. 30
28. 10
27. 35
416. 05
26.00
25.30
24.80
21.70
25. 00
24. 2.5
25. GO
25. Flo
25. 20
25.20
25.4.10
25. 20
2.1. 00O

a 23. 80
2 3. 0(1

22. 0

226. )
23.00

tJily.{
23. 05

23. 00
2:. 20
23. 00
22. 85
22.40
21.00
22.00
23.30
25.40
20.80
27,40
27,00
27.20
26. 20
25'. 001
23.50
22. 00
22.40

I22. 00
21,11
20. 80
20. 00
19. 0O
191 20

18. 1O F
17 75~
17.00

Aug. sept.

15. 10
15. 60

141.80
14. 60

14. 30
1.4.10
13.80
13,40
12. 90

12.
12. 20
11.80
11.60
11. 70
I1. 80

O,
11 60
I11.9
I1. 90

12. fO
13.70
H1.30
1.1.410

Ill. 8o
14.85
15, 0o
1.1. 55

13. 6O
12. 70

12.10
11.60
11, 10
10. 70
10.70
10. 8511.:10
10l.85)

ff10.60
10.20
10. 15

10.30

10,20
10.05

I1o.'}00
10.20

70

§ 13.70

141110

I11.20
3. (1o

13. 20
13 2(0
13.80
11. s10
11|.10

Oct. Nov.

I1. 30 12.40
1.410 12, 5
141,410 12. r5
14.10 12.40
13.70 12.40
13.20 12.2(1
12.00 12. 05
12.40 11.00
12.20 a 11 84
11.95 11.70
'11.70 11.60
11.r0 11.50
11.20 11.45
11. 00 1I1 30
10. 80 11.20
10.5O 11.05
10.30 10.00
10.20 10.70
10.10 10.LO
10.00 10.35
10.00 10.20
10.00 10.00
10.00 9.85
10. 9si .00
1(1.20 .9.IO
10. 35 0.25
10.00 9.5,
10.0o 8.00
11.30 8.80
11.H0 8.00
12.00 ......

b TtenaIling elalnge(1 one-lhalf foot or more.

Feb. MMar.Iay.I

'1

(11
7
8
9
10
I11
12
13
1.1

Ill

I1
17
18
19

21
22
23
24
25
2(f
27
28
29
:10
31

Janl.

13.30
12. 40
11. 75
11. 50
I1. 50
11.80
12.00
12. 10
12. 10
II. 90
11.5(1
11. 10
10.20
9. 10
8.70
8.20
8.0W
8. 2(1
8.110
9. 2(
9.go
10.10
10. 1()
10.00
9.90

). 85
9.70)
9.80

14). 50
12. W0
13.:30

13.10
1:.35
13. 10
13. 10
13.70
16.*30IF. :so
18. 1(N
18.0(1
17. 50
17.00
11. 50
10. 10

Il(. 25
1(.70
17. 50
17. 41
17. :10
i(1,80
10. 40
17. 7(
17.70
19.00
I1O. 8(4
10, 30
14.35

1 O. 4)
141. 70

17.600
141).00
19. 1010.fi519, 55
20.20
21. 10
21. 90
23 .10
2.1, 60
20. 00
27.80
298. :30
28. 30
27. 95
27.80
27. 80
27. (10
27. 30
27. 14)
27. 1()
27.00
27. 40
27. 24
27. 00
2(1. 415
210, (X
25.4.10
2.1. C4(
2:1. 7(1
2:3.()
22. 14)

[r aiige, 13(1.82

Day.

2

3
.1

7
8

10
11

12
13
14
15

17
18
19
20
21
22
23
24

25
20
27
28
29
30
I31

Jail.

7.76
8.10
8. '10
8.25
7. 95
7,

7.10
7. 16
7.20
7.20
7. 05

7.00
7.00
7.00
7.00
7. 10

17,.10
7.45
7. 55
7.95
8.19
8.00
10.00
13.V0

17.10
10. 3.5

16,80
15. 10

14. 25
13.30

Feb.

12.50
11.60
10.70
10. 05,
0. .10

0.05
10.30
10.80
11.00
1 1.20

12.00
12.40
12. 65
12.80
13.00
13,
12. 0O
12.10
11,70
11. 70
12.10
11. 05
11.70
1 1.50O
i. ro
11.70
11. 80
11. 80

D)ec.

18.5CJ
8.115
8. 30
8. 20
8.10
8. O(
7.90
7.70
7,.co
7.30
7. 25
7.20
7.10
0.95
0.00
0.00
5.70
5.50
5.1o
4. 70
.1.5,0
4.40
4.3()
4. 20
4.30

I 4. I15
4. 80
5.20
5. 7r)
4.90
4.10

~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

I'

a Changed less (hall 0116-half f(x)t.

.I .

I I
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Tabulated gautgc readings (It selected stations between Chain of Rocks and Cairo-Cont'd.
GRAYS POINT, MO.-ConLitinued.

1905.

((aingo, 136.82 nIfles from Ea(ls lBrldge. Zero of gauge 308.1(1 feet above Memphis (dattlim plane. Gaugereafata a. m.]

July__<
--_I_

23.00
231 10
23,CA023. 65
2:1370
21. 5O
26. 00(
25. 10
25) 10
25. 15
25.00
01, sO

25: 600
25. 00
20 20
2f5. 90
25. 3021. 10
23.00
22.9021. 00
22. 30
21.10
21. 10
21, 20
21. (.0
2 1. 60
2(1. 90
'2(1.0
19. I 0

20.30
21. 10
21. 70

j22. 00)
22. 10
21.60
20.80
20.00

18.70
18. 10
17.80
17. 10
1.n80
11. ro
16. 10
156. 0
15. 10
I1I. 70
14.7015.00
15.40
15.70
16. -10
18.60
10. 60
19. 30
19.0(
18. 50
17. 7)
I). .50O

Sept. Oct.

16.30 1800
1.0 17. 10

13.90 1i.30
13. GO 16.70
13.20 15,25
12.90 1.1.80
12.770 1 1. 40
12.115 11.00
12.6 13.6,0
12. 60 13. 00
12.5,0 12.70
12.50 12.10
12.81) 12. 20
1:3.00 11.90
11.20 11. 65
1:i.(" 11.30
11.20 1I.10
10. 70 10. 90
23.30: 12.20
26.20 17.30
27.90 18.70
928, O 17.50
20.10 17. ()
.,2875 10. 90
27,11) 11. 80
25. 75 111.00
23.90 17. 10
22. 20 18. 10
20.50)0 17.80
10. ( 116. 01

........ 16. 2(0

Nov. Dec.

15.1',0 11.90
15,. 00 12.80
11. 70 13.50
1-1. 165 13, 40
14. 65 13. 2(0

b 1-1. 0g 12.90
1,.410 12. 5(1
15.00 12.00
16. 1o I1.51)
16.00 10.80
l15,80X 10. 10
15. l15 9. .15
15. 25 .1$)

t 15.30 8,80
c15,20 8.70
c14.70 8. 76
1-4.00 8.80
13, 50 , 76
13. 10 8 165
12.86 8.70
12.90 M.80
13, 20 8.95
13, 40 9, 11)
12.81) 0. 10
12. 30 9).15
12. )0 9. 20
11.70 91.0
11. 80 9. 00
11t. 15 0.00
11. 9O.30

9.90

a Doubtful oil account of lev. b Interpoiat(!d--no rending. c Readinlg changed one-luilf tfoot or mnore.

1,106.
.(1auge, 130.82 miles from E11(1ds Blridge. Zero of goiuge, 308.16 foolt above Msojllills (Initliil lusl. Gaulgo

reall tit 8 it. 5li.1

Jan. Fob. Maar. A )r.

10.20 17,30 22 10 27. .)
10. 45 17. 50 22. 90 27. 70
11. 40 17. 23.5 27.
12.20 17.iUJ 23.80 27.40
12. LA) 16. 70 23. 14) 27. 10
I 5.VO 15.90 22. 70 27, 10
17.80 14. 90 22.00 27. 10

18 00 11. 20 21 .50 20. )0

17. 0 13 .40 21.1 277.00
I6. 40 12, L) 2011.90 2 7 X)

15.:3 12.00 2)0.70 1 :7.00
14. 00 1 1. 1'0 20.40 26.80
12.90 11.30 20. 10 26.
12.21) 11.20 19.90M 26.40
I1. 70 1 1. I 1(9.60M 2 .2(.5

11.20 11. 80 19.10 27.15
10090 180 18.60A) 27.30
10.75 11.80 17.1)0 26.70(
1:o30 It.180 17.f0 21.10
10.30 12.00 17. 20 25 .7)

10. 12.30 106. 60 2.5. 2(1

13.MA0 12. 65 11. 1(1 2.1. 80
I15.70 12.90 15.90 241. 30
15. 76 1 3 .5 0 15.70 23. 80
10.71) 15.30 J5. 80 231 .11)
17.6 18.00 1 i6. 0 23. )0
17. 60 20.10 18.10 22. 70
17.40 21. 40 20.02 22. 10

17.20 23....3L 22).00
17.00 .. 2..2. 10 22.00

17..00 20(.70

May. Jil

2 1. ) I 15.

21.:1 ) 1 6.
2^1 .'5 1 11).
21 'L0O 17,
2I.T A) iS.

21..1I
'21.-16 18I.1.80r~ 1 $.2

4(1 1 ).
22. 1) 20(.
2'1. 50 20,
2(1. 80 20.

20. 20 24).
19.80 20.

I). 11)'29.
18.90 19.
18. fiA) 19.

17.901(J
17. .10 It.
1(1. l(0 19.

(0 12O.

1.5. 8( 21.

1b. 60 22.

1i5. '10 22.

16 .30 21.
16.20 20.

156.02 20.
isO.: 210"(
15. '10

(1,)

_I0
10

1.10

60

7(1

0
3o

7(0
701
130

to

70
40

20 1

20

r,4g

.0(0
1`07
110
I4)
25

70
90

64)

I...
I.~(

20. 80

20. 75
2(1. 701

20. O8
20.80
20. t
20.201

19. 20
18. so
18. 30
17.90
17. 60
17.t30
17.00
'I(. 70
16. 65
1}. :301
15.90

15.

16.00
16.I520
15.4(0
11, 60

16.(.10
15. 70
11.) 0
1 It.

A lipAu.

1l3.90
1:1. (.01;3. :s0113.130
1:3. 20
1:3. 41
13. 20
12. 90

13. 10
13. 9(
1:1. I0
1:3. 4(l
13.80
13.90

1ll. I()
14.71)
16.20
15.
16. 20
1Il. s0
1-1.30
1.1. 10
11. 30
11. 20
13.D90
1;3. 0

1:3.00
12.80
1,3. (60
15. 10
165. 251
I I. (4)

Sept.

1:3. 80

1:3.30
12.80

12,.0
12. 35
12, 10

11.701)11.70

I1. 70
11. 70

14.70
11.70H'. 70012.00

11.80
1 1.70
1 1.60

I1. 50
II. 40
11.30

11:60
12.7011. 1t
1:1.('0

121.70)

1I 40
11.70143.701

. . .. ... .

Oct. Nov. J)ec.

15.'2( 8. 0 13.
15. 10 8.70 13.10
15.20 9.20 12. 86
16.30 9. 70 12.90
15.0 10.)0i 12.195
15. :30 10. 20 13.ll00
14l. 60 10.30 13. 30
13-.70 10.30 13.60
13.10 10.40 13.90
12.60 10.50 13.80
12.20 10. 60 13.60
11.80 10.70 13.10
11.60 10.90 12.85
11.20 10.90 12. 6)
11.00 10. 90 13. 30

10.80 10.90 1:3.30

10.60 1t1. 1( 12.85
10.50 llbO 12.40
10. 351 11. 50 12, 20
10°.02 11.70 11.80
10.00 13.701 11.30
0.80 15.70 1(1.80
9. 60 16.30 1 0(60
0. '.0 16.00 10.20

1). IU0 14.90! 9.8o
11.20 14.60 9.2f,0
9. (O 11.35 8,50

8. 80 1l. '20 7.80
.89) I -1|.(X0 7.11)

S. S4 113.80 7. LO
_.8..I....

Feb.

7.80
8.30
10.30
12.00
12.60

a 12, 50
(113, 00
a 13. 60
a 1:3. 75
12.90
12.610
12. 10
10.60
10.50
10.60
10. 30
10n.1010.7(0n.
10. 451(0.40
10. 10
10. 6(1

a 12. 80
' 12.20
1113, 00

1. r0
12. 10

Day. Jan,

1 4.00
2 1.00
3 3.V0
.1 4.40
6 5.30o
(I f.80
7 6.76
8 0.05
9 6.90
10 5. 50
Il 6.5(1
12 5.4l
13 4.30
14 3. 10
IS 3. 50
1I :3. 150
17 3. 6
I8 2.6(0
1I) '2. 70
20 3.10
21; 1.30
22 l. 80
23 5.10
24 6.20
25 61.20
26 6. 60
27 7.10
28 11. 6I0
2) 1). 20
:30 (1. 80
31 7.C0

Mar

18.20
20.00
20. 60
20. 40
20.40
21. 10
21. 10
21.00
20.76
20. .10
20.10
20. 10
19. 85
19.60
19.00
18.26
17.60
17.20
1.80
1(1.60
16,. 10
15,70
16.6o
10.8RO
17,30
17.115
17.80
18. 30
19.00
19. 1()

Apr.

19.60
19.90
20. 60
20.70
20. 16
20.26
19.76
19.10
18. 60
18.0W
17.76
17. 10
17. 10
l16. 95
16. 80
16;.60
11 75
its, 80
161.8016}. 7(1
10.25
11).00
16. 00
16.30
1C.70
!7. .10
17. 90
18. 80
19. 30

An. jullle..

19.80 20.70
20. 10 20. 10
19.80 20.10
19.20 20.05
18. C4) 20.30
18.6,0 20.70
18.30 21.30
17. 15 21.20
1. .10 20. 80
15.90 20.30
1f. .10 19, 00
15.20 19. 6IO
15. 40 19. 10
1i. 46 20.10
16h. 70 20). 80
1). 0( 21.40
18,.30 21.70
20.20 21, 70
21. 20 21. 10
21. 60 20.05
22.10 21. 10
22. 70 21.50
22.10 21.51f
21. 50 21. 30
21,00 21.20
20.80 21. .55
20.40 22.00
20). 10 22,'30
20. 10 22. 30
2(0. 20 22. .51)
20. 60 ........

D)ay.

:1
4

6
7
8
9
10
I1
12
1:3
1416
16
17
1819
20
21
22
2:
24
26
26
27
28
20
I30I31



206 WATERW\AY, ST. LOUIS 'PO TiE GULF AND CHICAGO.

Tabulatcd yguqnc readings at selected stations bettwcen Chabi oJ Rocks and Cairo-Cont'd.
(1GRAYS POINT, M1O.-Conltllnued.

1907.

[Gauge, 13.82 iniles fromxi Eads lBrIdge. Zero of galigo, 308.15 feet. above
rea(d att 8 a. 1In.]

Moellplis (Intum pinno. Gaugo

Mar. Apr.

18.1) 111. 7

17I0 25)..I
17,8 ,20. I
17. 1 1). 7
17. 19.1:17:t'I 19i: 2
17.3 19217.3 111.0
17.2 18.81(.1 18.X8
110;, 18.9
1I0.65 19.0
17,'2 19.2
20) () 19 . 5)
21,1 210, 5
22. 2 20,11
22, 1 2().1
21,8 2()-3
21 . 7 21). 4
21. 7 20. .'
21.8 21.1)
22.' 21.,
21, 21.9
21,.1 21. f)I
20.11 21. 7
2().4 22.0
20.3 21. 7
20. 1 21. 4
10. 9 20(,
11.0 20, 3
111..

Mayi)'. Juine.

21).1 18.0
21.6 18.7
21.2 18,8
2.1 11).3
31.'3 21, 8

21,1 22,7
21): 85 23. 6
20. 7 23, 4
21.26 23. 0
22.3 22.
22,7 22. 9
22. Ii 23. 1
"1,7 23.7
2,(1,8 2).1,11
M(1. Si 26,.

21.3 26. 6
23.1) 26.
23, 7 2.1. 423. 3 2:1, 7
22.3 :23,2
21, 2 22,8
200,2 22.1
10. :3 2, 2
18.41 22, 11
17. 9 23. 4
17. 2 2.1.2
10. 7 2-1.89
17.11 26, 1
17.1 21. 1.
17. 1 ........

11)08.

[(Gugo, 130.82 mIles from EuvIs rdgoe. Zero of gauge, 308,15 feel abouv MemphIsdatilluu ilale. (01ingo
rea( ait 8 n. III. I

A p r. I May. Julle. Jully.

19,31) 20.70 27.30) 31.0
1802.1(1 2 20 27.00 30. 1.
18.060 19,06 28.30 30. 11
18. 40 19.20 28.06 39. 21
18, 0 19(. 60 29.,10 30. :14
18.10 20.'o0 29. 50 30. 1(
18. *(); 22. 10 29. 50 39, 41
19. 30 23, 00 20. 50 30.31
20.10 2;). 25 '29.0;5 29. 8a
20, 110 23. 80 29.70 29. 0
22. 01() 21. 30 29. 70 28. 1(
23, (10 25. 0 29,80 27. .1
24. 20 25. 40 20.90 27. 0
241. 50 26,10 :130.30 2(. .
21. 30 2.1. 80 30,40 2(1. 0
21.00 21.060 31.,00 210.
23.60 25, .10 1 L *10 2.. 31
22. 90 2(1.l) .31.90 21. N
22. 10 27. 10 32. 26 2:. 8
21.30 27. 39 32. 70 2:3.
20. 30 27.10 32.86S) 23.8
19.1 0 20. 15 3. 00 2:3. 8
18. 91) 21. 30 33.00 23. p)
18. 80 25 300:3. 00 2:3, 1I
20.00 2|:5. 0 32.00 2.1. (
20. 00 26. 10 32.70 22. Co
20. .560 24. 80 32. r1 22. 3
2). (01 26. :1(1 32. 20 22. 1
2(10 7(1 20. 10 31.190 22. 1
2120 2(1.00' |31.60 22.,0

, 1. 26.80. 21.06

Aug._.

3 I

_).
O3,....
I.i....
I) .....
n)....
0i).....
In.....
6).....
11.....
OI.....
O.....
I('.....
Ir) ....
3
r) ,...

(}1.....

0 l.....

$ fept. Octe. Nov. Dece.

... .. . .. .. ...I.. _.. _....1

Feb.

23.0
2"3. 0
22. 3
21.41
20. 7
19. 8
18.0
17. 1
1.,. 1
13.8
12.7
12.3
12. 1
12. 6)
1:3. 1
14. 1

14.1
I11. 6"11.9)

I16. 1
14. 7Ill,.fl14.7
16. 2
1..0
17.0
17. 8
18.0

Day. Joi.

1 9.2
2 9. 8
3 12.4
4 141.7
-,Ii 16.4
7 10.3

8. 17.0
!) 17.1
10 17. f
1 1 17.4
12 17. 2
1:3 1 M.90
4I.111.

1 11i, A
10 17. 0
17 17,65
18 18,X3
1) 20. :3
20 22,8
2,12I.5
22 27. 8
23 28. 7
21 29. 2
256 '2 .23
20 28.1f
27 28. 0
28 27.1
29 20. 0
30 25. 0
31 2.1. 2

July.

24,06
21. 2
23, (1
23. 2
22, 11
21.8
21.2
211.0
21, 1
21.21.3
21. 3
21.:3
21.7
n2 9)

23. 0
24. 02.1. 9
21.5)
25. 9

27., 0
..O. .1

27.0
27. 3
27. 3
27. 2
27.0
2(1, 720.

Au~g. Sel-t.

2(1, 6 1(1.3
26. 9 1(0. 1
26'),0 1(. 0
23.9 16, 8
23.0 16, 8
22. 3 16.8
21, 8 16.061
21.65 16.6
21.2 1I.4
21.0 16. 0
2(0,9 14. 0
20,. 141. 1
2(),0 13.7
19.11 13.3f9.4. 1:3. o
19.1) 12, 8
18.8 12,11
18. 7 12. .3
18.3 12. 1
18. 1 I11.8
19. 2 11.6
19. 1 I1 3
111.11 11.1
20.7 11. 1
20. 0 11. 26
19.)7 11.6f
11).7 11.7
19.3 11.8
18.1 11.11
17. 2 12, 1
10. 7 ......

Oct.

12. 1
12. 1
12. 1
12. 415
12.8
"I3, 4
13. 8
14. 2
1.1 1
14.26
14.11I
1 1.8

1.1. 7
14.,3
13. 8
13, 4
13.0
12. 7
12. 4
12, 2

11.,9
11.21
II. 21

10. 7
10. 6
10. 3

Nov. iDec.

10.2 9.:3
10.3 9.2
10.3 9.2
10.25 9.1
10.1 9.1
10.0 8.96
9.95 8.8
9.0 8.7
9.7 8.0
9.165 8.659.6 8. 6
9. 6 8.. 46'
9. 4 8. 3
9.3 8.,3
9. 2 8.36
9.1 8. 4
9.1 8,6b
9.1 8.06
9.1 8. 7
9.1 8, 89).06 8,8
O. orf) | .X,8
0.46 8.7
9. 45 8
9,.45 9,2
9. 4 9. 4
9. 35 t. 4
9. 26 9. 4
9. 2 9. :3
9. 2 9,4
9.3 9.39.1 t

Day.

2
3
4

6

7
8
9

10
11
12
13
ll
Ill)
161
17
18
19

20
21
22
23
2'1
25
20
27
28
29
30
31

9.00
9.00
9. 00
8.00
8. 80
8.70
8.600

1 8.(00
8. 60
8. 40
8.30
9. -10

10..30
10. 10
10.o0
10. 60
10, 20

09.70
90.30
9.00

8,.70
8..30
7.U0
7.00
8.20
8. 10

8.4618..16
8.30
8.10
7.900

Feb.

7.70
7. 1(1

I {. 1;0 1
6.80

20
7. I0
7.85
7.110
7. 80
8.:35
8.80s
0. 30

10..10
12.600
14.20

10.20

20. 60
20. 80
21.20
21. 1C
21.60
21.30
21.00
21.00

1 20. 80
121.10
21 .891

Mar.

21.90I
21 50
21. 10
21.00
21. 00
21. 20
21. 20
21.50
22. 00
22.00
21.00
2'1.:301
21. 30
2.1 30
21..30
24. 10
2:3. 80
23.410
23. 00
22. 60
22. 20
21. 70
21.20
20. 70
20.10
19. (0
19. 10
18. 80
18. 70
18, 7(
19. (X)

.. . . . .. . . . . . . . . . . .. .

. ........ ........ .......

........ ........ ........ .......

........ ........ ........ ...

. . . . .. .. . .. . . .. . . .. .. . .

........ ........ ........ .......

. . . . . .. .. . . . . . . . . . . .. ..

....... .......

........ ........ ......

......................

........ .. .. .. . .. . ... ..... ..

.. .. .... .. ... . . . ... ... ..... .

........ ........ .....

................ ........ .

........ . .....

. . . . . . .. . .. . . . . . . .. . .. .

........... ........ .......

................ ........ ......

. . . . . . .

. . . . . . . .

. . . . . . . . . . . .

. . . . .

. . . . . . . .. .

........ ........

.............. ........

................ ........

........ ........ ........
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Tabulated gauge readings at selected stations bctwcen Ch'aia of Rocks and Cairo-Cont'd.
COmmRCI4:, mo.

1896.

(Gauigo, 143.67 uilles from Eads Bridge. Zero of gatge, :308.84 feet alovOeMollipils
rea(1 at 8 a. nii.]

Da.y.Jnn. Feb. ar. A 1)r. May. Juille. July. AUg. Sept.__ ._ . . . . __ ...... . . . . . .. . . ... . . . .

2 ........ ........ .. . . .... ... . . . .. ' . ........ ........ 1,..

4 . . . . . . . ........ ...-...iB.. ........

5 ........ ..... . .. .. . ........ .. . . . ... . .. . . . .. .. . . .......
........ ........ ........ 1... ...... ........ ............ .................

7 ... ... . . . .. .. . .. ... .... ... ... ....::: ::::::H)........ .. .~~~~~~~~~~~...... .. ..... ........ ........ ....... 6. *751,I...1,,!
........ ........ ... . .......... ........12 !~~~~~~~., *.-.------1.............. 1......1.31 "'3~~~~~~~~~~~~~~(.6

lo .......... ..................... ........ ........ il
If .......

6.20
........ ...... ................. .. . . 20

12 ....... . ..... ................ ...... 1.'0
13.....0........0.i.0............. .. 1 2(
14s........ ........ ........19~~~~~~~~~~~.............!...... ...... 1;.21)105 ......... .... .... I......5. 85

180 '0.20''-'-''---'-'' ''''-'''' l-''
21 + 7.TA)
22.I....... .. ...... . ......

23 8 0., fl). 20
21 .......... .... 8 75
2S6 9.05

... -,

....... .. z... . .. . .. .. . . ..s...... S.
-

27 .. .. . .. .. . ........1... .... ..,,. .. ........ ......

27 ^,1 1..:..: .... .:18.55.29 . . . . . .. . . . . . . . . 8.10
25. .. ..........-----..... ....., . I0)

3() ....... . ........ .... j7.91
... ........'' ........ .. . . . .. . . .. . . . .

(datunli plane. Gnugoe

Oct. Nov. Dec.

7. (i 4. 90 6. 20
7. 30 .1. 90 6. 20
7. 00 4.00 6. 10
6. 7() 5. 10 .(0(
6. "A) 5. 55 5. 95

1. '10 6. 10 fi. 00
1.30 6 .80 5.85

(1.20 7.70 5. A)
6. 1.5 8. 10 5.20(
6.05 . () 5.00
5.95 7.70 :1 80
(.00 7.30 .)1(55.015 7. 10 4.6

5).95 6. go .1. )60
6. ( 66. 70 1.R)
(1. (.060 1.9f6. 6() ,A) 5.20
6. 20( 0. S) 5r.506;.20 0.40 5 .8(

1). (X) (. ro 6. 40
5. 85 (1.5 0 0.70
.5. 75 (;..10 0. nn
6.70 0,.10 7.00
5. (10 0. 30 0. 90
5. 41.5 20 6. 8(
5. 60 .10 6. 75
5.25 (. 10 0. 70
5. 15 (,.'I20 0.55
fi.It) 6.20 0.40

5. ( 00. 20 0. 20
5.0.(1.10

1897.

[(Onigo, 1,13.67 miles from Emls Bridge. Zero of gatige,.30S,81 fee(t nbovo Memphis (atlit11 J)Iaue(. Gauigorea(1 at 8 it. in. )

J1int'. 1Juily.

(a13, 16 17.20
12.70 17.15
12.35 17.05
12.40 17.20
12,655 17.-0
13.00 17. (6)
13. 10 17,00
13.70 1 (;0
13.80 1(1.30
13.85 1(6.f1
13: 65 1(. M
13.4 1.o;I610
13. 25 1.5. 00
1:3.00 i1.50
12. 70 1 3. 5.
12.15 13. 35

12. 3) 12.85
12. 30 12. 15
12.10 12.30
12.70 12.30
12. 60 12' .012. 45 12, 25
13.30 1190

13.30 11.10)
11130 11.t0511.11) IL.fJ5
11.130 12.65
lb.(X) 11.00

11.$). Ill.,50
15. 00 I1. 10

....... 1:3. 20

Aug.

12.35
11. 05
11.75
I1. 59
11.51.
11.00
10.80
10(. 05
10. 10
10. 10
10.60
10.50
10, 25
10.05
0 go0
0.85
0.80
0.70
0.065
0. 60
9. 45.
9. 30
0. '20
0. 00
8. 0
8.75
8. '5,
8.3.;
8.10
7.00
7. 71)

Sept, Oct. Nov. D).ee
7 _5 20 .1. 35 _1 5

7. 15 5.10 1. 10 4.45
6.95 5. 05 4. 10 1.30
6. 75 .'.00 t1.)0 1.10
6.60 4.05 1. 35 3. 80
(;.50 41.00 1.3 3.40
(1. 10 4.0O0 1. 10 3. 051.3.5 4. 85 1. C0 2.60
0.30 .1.75 .1 85 2. 25
6.30 1.7.5 1.85 2. 15
6l.2.5 4.70 .1.00 2.20
6.20 4.60 1.95 2. 30
'(. 05 .1.(1V 5. 00 2. la6.85 .1.55 5.00 2.70
5.8!) 4. .50 5. 00 2. 00
5.80 11.10 6. 00 3. 20
5.60 .1.35 5.05 :3. 505.151 1.35 5.00 3.35
5. 35 .1. 3( 1. X5 3. 1-5
5.30 1.30 4.75 2.70
,.25 41.2)14. 70 2.30

5..20 1. 3() j1.60 2. 15
5).5) 1.20 4.5) 2.00
5. 15 .1.(2 1. f 1.80X
5).25 4 1.15 41. 5 1.70
5.35 4. 15 1(. 5 1. ('A
6.110 1.20 1(t) 1.70

. 35z.1.209 1.Go 1.00
5. 25 4.20 1 1.60 2.80

....... 'I.35.. 3. 00I12
b Shore fee. c Readiltng changeded one-litulf foot or more,

Fols. I Mar.I)ay.

12

3
4
5
6
7
8

10
11
12
13

211

15
16
17
18
19
20
21
22
23
21
25
2(1
27
2S
29
30
31

Jail.

6.05

0.00
0.05

11.60

19.70
20.00
10.20

17.30

16.33513.55
11.0

10.80

10.00

9.40

9.20
9.05
0.00

0.76
10.05

L.05
11.05

11.05
12.00
11.30

(b)

9.20

8.10

7.65
(b)
6.60
6.60

6.856
7. 25

7.40

7.60
7.66
7.0

8.40

9.2.5
10.00

10.16
10.60

11.05II:.35II. G0
11.40

11.10

10.80

c10.6 0
11.70

12. 70

13.70

1.1. 1;
1.1. 25

14. 30

Ap)r.

21. 3.525i.2025,.80
20. 00
20. (15
20,60
26.25
26, 25

26, 50
26,80
26.05
27.05
20,.8.526.50
26. 05
25. 65
26.10
21.7524..152V.10
23. 00
23.80
23. 70
23. (0
23.55
22. 80
22. 35
22.10
22.70

1H. 35
11..10

16.00
15. 560
10.30
18. 60

21. 40
22.80

23.50
231(W
23. 20

22,(1o
22.40

22.10
22.00

21.80

21.70

22.10

22. 60
22.70
22. 65

22. 00

23,20
23. 25
23,60
23. 05
23. 0

21.60
24.70

2l,1(;0
2.1. 30

May.

23. 20
23. 70

a 24. 00
21. 10
21.05
23.80
23.30
22, 60
21.80
21.00
20. 2.5
10.85
10. 05
18.30
17.60
17.00
10.05
11. 20
16. 8(1
15. 10
15.00
1.60
1.1. 16
1.3. 7
13.35
13.10
13.20
13.10
13.10
13.30
13.30

a Changed lesp 01fiti olle.11111f foot,



208 \A'TE'RWAY, ST. LOUIS TO TIHE GULF AN) CH1ICAG(O.

Tabulated gauge readings at selected stations between Chaitt of Rocks and Cairo-Cont'd.
commml-ruE, MO.-Continucd.

1898.
(Gaugo, 1413.t7 intles from Enads Brldgo. Zero of gauge, 30S.8 - feet alm)o Mempuits (datumi p)lane. (Galge

read at 8 it . 1i.

D)ay. Jan.

1 3.10
2 3.201
3 3.301

r,1 3 e5o
6~ 3,30
7I 3.40
8 3.70

1) 1
. 05

12 6. 40
13 6.451
141 7.10!
1,, 7.70
1 8.10t
17 7.0 i5
18i 7.90
19 7.90
20 8,40
21 0. 3
22 f9.76
23 10.70
24 11.70
26 12. 3f1
2. 12.70
27 13.16
28 13, 4fi29) 1 ,3.,6
:301 13, 85
31 1 13.76

Fob).

13.650
13.36
13.05
12.00
11.30
0.0
8.60
7.0O
6.80
5. '10
6.80
(1.20
1.6o
6.86
7.-80
8. 60
8. 80

9.20
9.70
10.30
tO. 90
10. 76
10.20
9.70
U. 25'
8.90

Mar.

8.66
8. 40
8.20
8.06
7.00
7. 70
7.66
7,45
7.35
7.30
7.35
7. 70
.s80

10. 70
12.095
14,8
16. 35
16,, (6.
1).90
10.20
101.(00
17.35
19.00
22.10
23. 16
23,20
23,40
24.00
23.70
2:3. 70
21.05

Apr.

2.1.36
2-1.26
23. 0-
23.00
22.(0
22.110
21.76
21.06
21,70
20 8k5
20. 10

18.90
17. 0)
17.00
10.361
16.76
16.2(1
1.1.60o
1:3. 7
13. 16
12.76
12.36
12.00
11.86
11.86
12 30
13.70
14. 70
14410

(2

hIay.

13.76
13.30
1:3.20
13.76
16. 76
17. 20
18. 76
18.05
17.76
17.10
16.95

1fi. sr)
15,. of)
1-1. 70

18(.60
19.00
19l,30
20. 9}O
2S1. fl.'
a22, 20
21.70
21. 10

17. 76
19.00

12. 90
21,9318.86t

June1.'1 Jil1y.

17.66
10.96

1(1.60
17.00
17. 30
17.-16
17.:36
1(. 70
10,. 10

16. g6
1(1. 90
17.80
18. lfi
18.70
19. I6
20. 10
20. (10
20. 3(
10.76
18.06
18.065
17.20
10. 00
1(1. 16

IO. (0
17.(GO
18.16

18. 7(1
18.80
18.80
18. .16
17. 70
17.06
1(. 06
16.80
18.40
18. 70
18.66
18.26
17. 76
1(.7r
16,.00
16. 16
14. 36
13.66
12.90
12.40
12.00
11.7f
11. 06
11.36

10. 76
10.76
10. 86
11.16
I 1. 10Il.0.'

Aung.

11.(1)
I I f.5 1

11.636

12 ,u012,36012. 30
11.76

11. 70
II. 16
10. 06-
10. 76
1Q.20

9. 86
9.70
9. (10
9,40
0,.-t
10,20

9.86
0.20
8. 8

3,8()0

8.30
8.10
7.90

Sept.

7. 80
7.66
7.:30
7.06
1).85
6.8650. 70

(. .9(
7.45

9. 10

8.0613
8. 265
8,60
9.60
10.30
10.30
9.00
9.60o
8.85

9,16
9.00

8.66

Oct. Nov.

8.4lIo10.0
8.30 9. 85
7.80 9.20
7.46 8. G0
7 16, 8.10
7.00 7. 76
;.865 7. 46

6. (10 7.40
(.30 7.65
(1.00 7. 70
6.95 7.90
6.86 8.06
6,.76b 8.30
0.10 8.46
01.40 It.36
(1.20 8.16
6 90 '. 00
6.00 7.06

6s. 7fI.40
6.f60 7.20
.o00 7.10

7. 10 7.06
S.50 7.00
9. 16 7. 00
10.20 7.16
10.10 7. 76
0.70 8.16
0,10 l9.20
8. 70 9. 20
0.00 8.56
0.70 ........

I1)ceb.

7.865
7.20
0.76
(1,.10(
6.90

6. 30
6.00
*1. (6
4.30
3. 7,
3.30
2. 86
2.06
2. 76
2.90
3. 30
4.20
6.00
6..10
6.-oo
6. .10

i. rO
7.80
9.06
0.76
0.9
9.86
9.o0
9.40

.m ('halmged less Ulan one-half foot.

18991,
[(iaigo, 143.07 miles front Eads lBri(ge Zero of gauge, 308.81 feet above Memlinuls dantulm plate. (langereaa(rt. 8 n. mtt.]

I)ny.

1

3
4
6
7
8
9
10
11
12
13
14
16
10
17
18
19
20
21
22
23
24
26
20
27
28
29
30
31

Jaui.

0.20
8.30
7.60
0.90
7.20
(1. 70
0.66
0,60
0.6no
1. 80
0. 00
(1. 65
0. 90
8.10
0. 26
9.40
9.30
9.4,
9.06
0. 16
9.16
8.80
8.60o
8.0r)
7. 86
7. 66
7.,20
0. 00

(I (10X
6.96

Fe]). I
6.30
6.30
6.-10
6.30
(1.60
7.30
7.26
7.60
7, .1Q
7.70

5 7.70i 7, S307.00
8.00
8.10
8.20
8.30
8.36
8. 10
8.110
8.25
8.60
7.70
61.80
0. 16
6. 36
(1.30
9.10

10.10
-...

--..
. . .

Mar. Apr.

13.06 17.30
15. 10 17.30
16.40 17. 30
16.16 17.0f
16.00 17.05
14. 86 17.10
14.865 17.30
14,.80 17.10
14.80 17.26
14.66 1(1.00
1.1.60 10. 60
14. 70 16.96
16,00 16.65
16.30 101.30
16, 0 10. 30
1() 001 16, 6
10. 86 l4l. 80
17.70 141.36
18.10 11.06
18. 60 13.90
10. 30 14.Or)
20.00 14. 70
20,265 16.45
20. 00 17. 60
19.66 10.70
19. 06 20. 70
18, 16 21.20
18. 36 21.1,4
18.00 21. 30
17.76 21.00
17, 36 ........

laly. J11

21, 10
21. 16
21.00
20, 70
19.86
18.80
18.20
17.00
17.00
17.00
17.40
18,76
18. 40
18.70
18.40
18.85
18.66

18i.0
17.416
10. 80
1,35
10.60
17.20
18. 16
l19. 66
20. 26
20. 6
20.165
20. 10
19.90NI11,.140

1'-
101I IS1S
10

20
20
2(
10
10
10
10
10
20
20
201t10
II'
I1
17

17

IC

1 7

no. Jully.

'.36 17,36
.20 17. 36
.30 17.35
.80 17.66
S.06 18, 10
°00 18, 66
O.6 18.76
0.00 10.06
.60 10.20
S26 10. 16
.16 19. 16
.16 10.l40
S.30 10.600
o.10 10.40
O. 0I 10.00
0.30 18.60
.60 18.06
.06 17. 6
1. 06 17. 30
1. 96 17.201. On 17.10
1876 10.80
.60 W1(.30

1.10 16 80
'.65 16. 40
'.10 16.00
1.80 1-1. 6
1. 76 1-1.10
1.900 1:3.70
'.15 1:1.66
. :1,00

Augll. ,Sep~t.

12.765 7.80
12.66 7.76
12.061 7.80
12.66 7.70
12.410 7.60
12. 16 7.40
12.10 7.2011.:70 7.10
t11.30 7.00
11.20 1.900
12.20 0.90
13.40 7.0V
13.90 7.06
13.70 7.06
13.40 7.06
13.20 7.00
12.70 (1.00
12.06 (1.00
11.65 (1.80
11.06 (1, 0
10.70 7.00
10.30 (. 05
10.06 0.80
0.00(O .6
9.26 (1.60
9.00 6(.36
8. 15 (1.26
8.10 (1.06
8. 26 (16.00
8.16n 6.06
7,. 6 .......

OIt. .NQV

6.86 6.,,36
6.80 6.20
6.70 6f.05
6.60 f.10
6.60 6.30
6.46 6.46
Is.363 . 60
6.26 6.80
6.10 6f.96
6.060 6.10
6.00 6.26
1.05 (.316
4.00 6.60
41 86 0.00
4.76 0.70
4.06 (1.75
4.80 0.76
4.70 0.70
4.70 (1.70
.1.80 0. 66
41.80 0.70
4.70 (1.06
*1.60 6.06
41, 66 6.76
4. 60 0.86
41.46 0.90

11.46 l 185
1.66 (10.70
1.00 0u.36
.1.80 (1.30
6.05 ........

I)ec.

(1. 06
6.095
6.90
6.76
6s. (16
6.0O
Is.66
6. 60
f.46

'6.40
6. 41(
6.40
6.30
6.i30
6.36
6.336
6. 30
6.26
6.00
4.96
6.20
6f.0
516.
6. 30
4.96
4.60
4.0n
3.70
3.26
:.00
1.85

a('uhanged less thll olleoIh f foot.,



\WTIIA'INVAY\\''Y','. ILO)UIS '1')'T'IIIT :ULT.IA' A NI) C'H111CAGM. '2)(9
Tabulated gauge readinf/s (it select'd stations bclieen (h/ain ofj blocks aidl a(iro--('o-tl'd

(INIMFIWE, M0.---Ollthllid.

1 0(,.

[(;Iaige, 1-13(.7 Ililles frouim Eas lrlldgo. Zero of agjugc, 308.81 felt uilohiv
rem atS 1). bi.]

MlempslJ))5(1is tll1l jduiu-e. (

AJ )r.I

1 2.5)(1
12. 1(0
12.212
12.35
12.35
12.35
12, 0,5
13.H0

11 0.51 3. O5

11 .701., 720
1 1, (1
II '}()
lz.7(}

1I1 ('(I

13,25
'3.-IS

1-1.20

15. 15
11. 25
15. 00
1.1115

A I Ily. June.

I.5 12.:10
I:l.80 12.05
.1-10 11.715

13.3 0 11.11)
13.10 11. 1),

1:1 1( 1( ,()
13.30 1

1-4.20 111,70

13.01hI0.5(1
1:1.75 1(0,20
1:1.8(1 1), 10}
H1 1.'5 I (1.0
13,80 12,50
13. 01 12.8(
12,140 12.25
12.1I5 II1, GO
12.25 11.21)
12.25 11,1(
1.225 11,10
12,20 1 1. (
1220) 12, 71
12:20 13. 71)
12 10 I3.00
I IS(1 1:. 7(0

11.2(1 121.)
11.A5 I.1....

July.A)I g.

I1I.0f I. 1(. 65(1 1 .55 11111
11.25 1)0. 05
11. 15 0. 65
II.)()I .20)
10.05 0. 1)0
10,5 8. 6;5
10.65 8.20
1Il.30) 7.85
9.0(1 7. rn
91,75 7.20
1. 75 0.811

¶1.55 ,13:
9.55 (i1:00
9, 15 5.811
1). 00 5.70

(I. 211 5,511O
l.O0 (1. 81
8.01) 7. 1)
11(. 8.25
(I.7f 8.-Il)

1,1 (1 8. ()I:I64fY.15EI 1. : 8. :s
11.05 8.32
11.35 8.:10
10.00 8.20

SepI(.

8.
8.811

X. 1(1
O1.10

1. 25

8. 75
8. :1 5
7. 85
7. GO)
7,30
7.00
II. 701

I i, -Il)
1 I. :1(1

I(1, I()

7.05Z=
7.20

7.50}
7. 7117-to
.,00

'.1. 011){i. -1N)(i. I(i(
11.)
I I. :111.1)I

1(),.00
11.1(1I I, 31

II. :1(
I {},[,r11.05

0.85

9. )5

8,0{(1
(1.2(1(I, 21)

918(1
11).20
10(. (0
10.7.5
10.8)
10.85
10.n8
1(1r85

Nov.

.\(, GO.
11.011
11.281

III 1.9,

1(1.-I5

I( I:1n010.7IS
1(1.1A0

I 1. o)r
I I, (;()

11.91)

I I. 7.5

11.10

111.81()
1(1.70(>

II). 5i(1
111. ((S)
10.75)
11.16
11.05)
11-06
10:01')n(.n75

I9, IM
1(.).

8.7(1I. :15!). 55(

'.3.5
7. (11I/ . .}.

fif75i . 65

51);11. 1(
i. r,5

li, 20f
.-,. Mll

4115
-1. .1)
I. 1(1-1(1
.-,. -10l1, $()

-1,31

.1. (1(

I1, 3.)
_.2

'HC'hal1lgd(I Ivss llou olle*IlOtf foot.

19), I .

nlauge, 1:13.67 mIles from Ealds IBridge. Z-ruo of galluge, :08.8-I fellt abovo MetoIph)Ils datilt11
reli( ait 8 n. Ini.]

JuiuI.1"(,'I

lDny, Jall 1Feb. MAar.
.

:~~~~~~~~~~~~~~~~~~~~~~~~~~ Apf)r. May.

1150I

I1().:00
10. :s5
10.00
17.05

117. :10I
17.70
18.-IS

1. 0)l
190.35
10.

10,50
10. 25
19. 2fi
19.00
20.00
11140
18.75
18.00
17.00
17.25!
16.00'
1 601
10 :301
10.201
I11. 10

(I

15. .0
1S., 15
I-I. 70(1-I.:1

1:1. 15
12. -IS
11. 80
11. 101
10.86
10,110
10.45

11. 70
0.40f

9. 11s
I).1 I
9.00)
881)
8.70)
8.50
8.55
(1.05
9.25
0.20
0.00

J

8.70)

S.,75
9.01)
10.-7
107.0

1 1. 1(
I 1 (0 l

1(110

10. 85
10.85

11.301
11.110
11.00
11.0.

11.00I(I 1.i11.50
12.35
12..'0
12.,80
12. 85

| 1lil!-

12.70)
12.:10
11.11)
11.IS1

O.
Ill. -I.
1 . ()()
1). 71
1. 5()
9, )1

7f
1(). 1()
1M), 10

91 05

O. "lb
10.2(0
(9. II)

9)0.05
1 .0(1
1).O(
U.05
0.30
1. 6C
(1.40
(9.00
8.OSf
8. :35
8. 10
7.00
7.80
7.05

A ug.

7.SS5
7. 55
7. 65
7.70
7. 70
7.110
7. 1O0
7.20

I(0.1II 'io
I .-4i

6. :10
(1 20

,1. 10
(1.00
f. 00
5. 00
iS.80
f.6.
b. 65
5.60
1.40
i.40
5.30
5,20
r. 10
5.05
-1.n0
-1.80
.1.70
-1.70

-1. (10
-I. -IS
.1.12(I1,2r,

-1. 15
41(O5l:1.160

:,80
I3:. 7fi

:3.701705
.3 0
I . 0

3350

3113s. s(0

-1.85
5.30
r6.20
.1.O-1. 7(0
.1. rio
-1.30
-1. 20

1.10
-1.00
:3. D
31.803MXO:1.70
3s. f;.t,
3. 70
:. 70

:1.00
-1. 115-1. 10-.10

4.0(0:1.105
31.05-3. O1
1. 10
-1.30

-4.110
-1. 71)
. 160

4I. -I5l I. -IS.

-1. .15
-. -I

Nov.
,I. -IS.

-I. I4
I.
-1. 3

:1.05
:1.05t:100

1.00

:1.95
1.00
1, 00

3. 85
3:. 8:.85

:1.85

::80'
.......

I3. (1
I3. 6(

3s, rM
3s, V
:1. lr,
3.50:3. -15

3. -10:1. :1(1:1. :1o)
:s3. 70

:1. :1ot

:3. -(1
3.-.Il

1} :1, 8()
1/ 3, 30(1' :1. :511
t'2. 41)
102. -10
b2. 211
-2,2.25
b2.(1)
b 2.8)

h3;. I():1) .40
b3;, -(10
h13. -15
'- :s. :1(1

01 Chan1ge(dless( 111110 oll-llllIlf fool, ', J )ol llt1011 v('o011111oIfI,of,

I1. D)ov. , (il-- -- 1.1*

DJay.1
I
2

1,
5
(
78'
11IIj10

131
14
15I16
17

Jil. IFel-.

1.25 '1,20
0.25 3. 5r

-0,0 1.1(
0.301 2, t5
();50 2. 10
1. 10 2.00
3.1(0 2.70
3. 40 3.70
3.85 5.35
1,.80 7.05
4. C5 8,225
4,31) 8,31)
f1.10 7.05
'1.00 7.8()
1.00 7.5
'1.00 7. 50
:3.05 7.50
3. 56 7.0()
41.(30 71CA0
5.46 7. 70
7.05 71)0
7.45 8,00
0. 05 8. 7
11,45 9.70
(. 20 0.80
0.10 0.20
0,10 8.70
0, 00 ........
5.50 ........
5. o.

Mar.

8.21)
7.707. ..._1)

7. :11)
7.:30
70.0

I 6.
-15

tl -10

10. 10

20 .W
211.811
20.80
20, X0

10. I()
17.0
1(1.85
1I. 10
16.70

1-1.00

11. 85
1:1. -1()
12.0

-A1( 1IOI
20
21
22
23
2-I
25
2(
27
28
20
30
31,

5.1)5

-1.85
1.80
-4.75
4.80
1.65
-1. 75
-1.70
-1.20
:3. 10
3.20
3:125

:3. 6(

:3. 7fi
:1.80
:3. 0
-1. 10
-1.20

:3.80
3:.80
4.00
1.25
-1.75

2
3
4
r
0
7
8
0
10
l1
12
13
14
16
1(1
17
18
19
20
21
22
23
24
25
20
27
28
29
30
31

1.00
:1.00
:1.7

3.41)3. 40
I:3, 10
2.00
2.600
2.65
2.70
:1. 00
3. 46
4.05
-. 05
b.95

fiS.80
b.80
6..76
5.80
6. 80fi. 60
fi.46
5.,40
6.40
6.40
6.30
6.20
6.15
6.10
5.06

1.

S. 15r,, (1,'
1. 75
4.0(0
-1.35
4.46

-'t,80
f.20
611,0
11 10
8.f 5

1().10
14.00
15.30
IA.065
6.-60

16.25
15.00
14.0()
14. 75
14. 6o
14.-0
14.00
16.36
15.76
16. 10
10.35
10.25
16.00
15.86
16. 70

plalivlt. Gal11ge5
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Tabulated gauge, readings (It selected stations between Chain of Rocks and Cairo-Cont.'d.
COmmeRl'CE, mO.-Conitt1inued.

- 1902.

Gauge, 143.07 mllas from Eads B1ridge. Zero of gauge, 308.8-1 feet above Meiimphis (dntum p1ane. Gauge
rea(t at, 8 a. 1i.)

M. Apr. May.

6. 45 10. 35 7.80
5. 00 10.00 7.80
5.05 11. 10 7.80
5. 00 I1. 05 8.35
0.20 12.00 9.C0
7.20 12. 10 9.90
7.40 12.10 9. 10
7, GO 12, 3b 9 . on
X.20 12.65 8.10
9. 50 12.00 7. f50
10.50 11.i0' 7. 50
11.20 10,01 8.00
11.60 9. s0 8. pO
12.00 .9. 0 9. F)0
12, (9)X01o . 00
13.30 8.00 10.10
13.75 8.30 10.10
11.05 S. 10 10.05
t13.90 7.90 10.00
13,45 7.80 10.00
12.i55 7.80 10.30-
11.75 7.M 10.60
10, 75 7. :30 10. 1
0.85 7.00 10.10
9.35 7.50 10.335
8.75 8.10 11.10
8.45 7.85 11, 15
8.30 7.55 12.00
8.60 7.50 13.00
9.80 7.30 14.05
10M(0 .. ... 15.35

JunI(e.

15. 10
141.85
11,(;,;
15.25
15.95
10).05
15, 85
15.86
15. 10

1-1. 00
15.00
15.70
it), p')
10.05

1to.85
16.05

10.2()

15, 70
15,30
15.00
11.95
14.0015.00
15. 00
1(1.80

July. Aug. Sept.

17.00
18. 15
19).00
10}. (1.
19. no(I19.00

18.559
17.00
17.752
17. .15
17.20
17. I.5
18. 35
it1. 10
19. (5
19.95
20.25
20.f0
20. 60
20. I0
20.25
20.30
20.601
20.80
20.80
20.76
20.15
19.85
19.20

18. 55
18.(0
17. 3(
10.70
10. 00
15. 50
15.25
I15. 05
1*195
1.170
14I40
11.00
13.65
13. 30
13:.20
13.05
12 I4
12,05
1 2.00
12.20
12. 415
13.00
1.1. (10
II. 30
14, 60
I11.50
14.0)5
15t. 00
15. 35
15.85
10, 30

10.,35

15.70
1. 30
15.35

15. 70
15. 10

13. no
13.00
12.40
11.90
11.20
10.90
10. 35
10.00
9.70
0.55
9.00
8. 00
8.25
It. 80
7. 65
7.35
7.40
8.85
10.10
11.00
11.775

a Doubtful on account of 1ce. b Reading changed onc-half foot or more. c Interpolated--no reading.
190.3.

[Gauge, 1413.67 miles from Eads Bridge. Zero of gauge, 308,84 feet above 'Memplils (datum plane, Gauge
ren(d at 8 a. in.]

Day Janl. Fe'b.

1 10.00 9.90
2 9.10 9.V0
3 8.30 19.70
4 8.10 9.05
5 8.10 alO,0
6 8.10 12.35
7 8.70 1,1.30
8 9.00 14.45
9 9.,001 1.05
10 9.r.0O 13,765
11 8.76 13.'1512 a3,25 13.35
13 7.35 13.20
14 6.40 13.65
15 6.70 14.05
16 5.40 14. 76
17 5.40 16. 156
18 6.46 14.05
19 5.85 14.75
20 0.25 14.0C0O
21 0.70 10.25
22 7.10 10.30
23 7.00 17.85
241 6.90 16.05
25 6.80 14, 05
26 0.70 14.600
27 0.70 14. 10
28 (.0.5 14. 00
29 7.35 ........
30 9.20 ........
31 9.8.

Mar.

15.05
16.25
102.16
17.00
17. 80
18.65
19.065
21, 16
23. 16
21.30
24.80
24. 85
2.1. 70
21.50
2-1..15
21. 55

24.10
23.80
23.70
23. 65
23.60
23.50
23.30
22, t5
22,15
21. 45
20.65
19.65
18. 90

18. 25

Apr. M

17.75 11
17.40 1V
17.16 1
10.05 11
10.45 1
1(1.65 11

117.16a 1L
17.76 11
18.05 11
17.85 1:
17.065 1
17.50 1
18.16 1
19.30 1
20.00 1
20.65 1
20.9015 1
21.10 1
21.45 1
21.70 1
21. 55 1
21.25 1
21.25 .1
21.05 1
20.05 1
20.05 1
190.4 1
18.75 1
18.1f 1
17.25 1

lay.

a,. 6J
6. 85

11.85
4.45
4.20
a,90B. 70
13,G00
13.(00
13.0S

13.(55
13.45S
13,35
3 16
2.95

3.05
15.25
1( 35

. I85
2115,7
3a. 0

0.,25
0.20
0.30
7.16
8.45
9.15
9.16
19.25

June,

19.70
20.85
22,30
23, 25
24. 25
25.30
20.25

27.15
27.05
28. 30
28.05

28. 95
29.15
29.35
29.10
29.05
28.
27.80
20, 80
25.46
21.05
22.

22.05
21.30
20. 65
20.35
20.05
19.335
18.05
17. 9,5

July.

17.55
17.35
17.15

16.95

15.95
16.45
16. 15

1 11.8G5

14.85
11. 85

14.5141 .301
141.1 15

1,1, 15
1.1, .10

14, 05
15.85
10. 35
16. 25
1 6.90
15.75
15.76
15.85
10. 05
W{.101
16. 85
1. 50
1. (5
I 5. 70

Aug.

15.16 14.30
I'l' 65 i14.05
1.1,61 15.05
13. 75 10. 65
13.76 10.05
13.65 10.4i5
13.05 1 05.9
13. 16 15.4 15

14.00 15.,05
11.35 14.95
14 .45 14, 70
14.f55 1Il.60
11.55 1 I 95
1W. 65 10.25
14. 00 17.16
14. 70 17. 30
1-1. 95 17.560
14. 80 17.80
1.1.0 5 17.425
14.85 17.25

15. 05 17.00
15.05 10(;10.
11.80 15.75

b1I.J35 15.05
13.90 14.,05
13.765 14.35
13.45 14, 15
13.30 14. 15
13.40 14.30
13.75 ........

* Reading changed ote-half foot, or more.

I)ay.

2
3
4
5
0
7
8
9
10
11
12
13
14
15
10
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Feb.

*1. 10
02.10
o3,00
0340
3,.40

*03.70
a4,t0
a 1.85

4. P6
a .1. s0
a 4. 00
n 3. 6O
a 3. IS6
* 3.20
0 2.560
" 3.10
03.40
*3.45
a 3.70
a 3, X5
.03,75
a 3.76

.1, 00
a 4. 20
a 4.20
.1.tO

a 4. 10
4.20

Janl.

a 2.90
a 2. 70
a 2.25
a2.20
a 2. 30
a02.50
a 2.80
a 3, 00
a 3. 10

3. 10
3.10
3.10

a2,O0
a2.80
a2.05
0 2.30
02.00
2.26
2.50
2.60
2. 60
2.70
2.70
2.70
2.70
2,05

a 2, 40
* 2. 10
a 1. 95
t1 .410
1.10

Oct.

12. 70
13. 10
13.10
1:3. 20
13.05
141.20
14. 65
15.16
16.85
16. 10
10.50
itI. 15
16. 55
4.X80
14.05
13.50
13. 00
12.,0C
12. F0
12. 50
12.75
12.00
13.25
13.V00
13. 70
13.65
13.50
13.00
12.10
11.30
10.50

Nov.

10.00

9.551. f5
9.30
9.00
8.05
8. .15

8.70
0,10
9.30
9,80
10.10
10.20
9.90
9,50
9.30
0.05
8.85
8.90
9.25
0.95
11.00
11.25
11,25
11. 15
11.05
11.00
10.90
11.10
11.35

........

I)ec.

11.90
12.05
1 1. 00
11. 30
11. 15
11.25
11.35
1. 15
11.45
11.00
10.70
10.10
10.20
10.05
10.95
10.75
10.45
10.26
10. 0
10.80
11.20
11.70
12.30
12.85
13. 40
13.70
13.50
12.00
12.00
11.10

Oct. Nov.

-1.15 13.25
1.1, f5 13. 15
1f.,5 13.05
14.65 12.90
14.0(5 12.75
14. I5 12.G5 1
11,90 12.00
15. 60 12, 00
15.65 12.80
10.40 13.00
17,35 12.85
18.05 12.5
18,165 12.410
17.,85 12.05
17.55 11.G0
17.30 11.45
17.00 11.16
10.56 10.90
1(1.05 10. 0
15,05 110.10
16.265 9.80
14.90 9.40
14.560 I . I
14.20 8, 5

11.00 8.70
13. 00 8.40
13,70 8.10
13.00 7.80
13.5bO 7.45
13. 0 7.10
13,3C 1......

1)ec.

0.85
0.70
0.50
0.30
6.05
6.80
6,65
5.60
6. .10
5.30
5.15
4.90
.1.80
4. 70
4,30
3. 25
Js. 00
2. 75
2.45
2.80
3.25
3.60
3.80
4. 10
4.30
*1.70
6.20
6.05
4.95
4.90
5. 1

............. -.......__.._-

to Changed leis title one-bul( foot.
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Tabulated gautge readings at selected stations between Chain of Rocks and Cairo-Cont'd.

COMmERCE, M10.---Contlnulled.

1901.
[Gauge, 113.1i7 inles from Eads Bridge. Zero of gauge, 308.84 feet above memplhis (latim l)Wane. Gauge

read at 8 a. Ill.)

Fel,.

8.70
8.00
7.30
6. ('0
(;. 85
(1. .16
7.9W
8. 00
83.15

. 00
9.25

i(). 60
9.70
9(.80
9.100
9. 15
8.70
8. (GO

8. so
8.05

8. 4(
8.50
8. 15
8.75

......I..

.... ....

Mar. Appr. May. Julne. July.
__ __

8.50
(.20
8.00
7.60
7.70
7.90
S.35
8.90
9.50
9.70
10.00
10.30
10.60
11.05
11,65
11, 76
I1. 65
I. (15
1t.80
12.00
12, 415
12. 60
12, i5
13. 25
IB. 10
10. 10
19.70
19.85
22.70
24.30
21. 95

26.10
25.16
24.90

241.05
'2;3, 70241, 20
23.70
23.00
22. 25
21.90
21,76
22, 00
22. 10
22 10
21. 80
21 . 30
20, 0
20. 45
20 .30
20n 70
20. S

19. 90
20,25
21.35
22. 9)0
24, 55
25. 65
211. 25
211. 85

27.15
27. 30
27. 25
27. 10
2(. 85
20.30
25, 0
24. 40
23. 50
22,60
22. 20
21.70
21.00
20. 40
10. 1(0
10.00
18,20
17.80
17.70
17.85
18,05
17.70
17. 410
17,00
I.50
I(. 20
15.90
15. 70
15, 70
1f5.85
1(. 05

a (hanged less thalln oile-ialf foot.

17.05
18.60
19,90
20.20
20.0)5
20.30
21.70
22. 70
23.05
22.80
22. 30
21 60
21. 30
20. '5
20.00
19.90
20. 15
20. 25
20. (1O
20. 60
20,3(1
21). 35
20. 410
20,35
19.90
19.30
18. W
18. 10
I. 0(
18. .-'

19.40
10.70
19. 3()
18.80
18.60
18. 1()
18. 10
17, 60
17. 7(
18. 8O
20, (15
21.85
'22. 10
22. (i0
22., 3)
21. 70
20, 0
19.20
18. f0
18,20
17,0O
17. 46
1(. 90
1t(. 10
160(
15. 45
16,30
15. o(
14. 25
13. 65
13. It)

Aug.

12.60
12.:35
12.00
11.60
11.40
11.26
11.10
10180
I() .15
10. 10
9. 'O
0.1009 00
8.80
0.6o
9.0O
8.70
8.10
9.0o
9). 05
9.60
10. 100
11,25
11, 25
11. 5
11, 5
11, 55
I1. (15
11.20
10.4.5
9.70

Sept.

8.70
8. 10
8.10
8.00(

8. 15

7.80b
7.670

7,8Q

7.65

7.45
7.30
7. 26
7.50
9.065
10.655
10.80
11. 45
11.05
10. 45
10. 15
10.10
10. 55
10.80
10.85

Oct.

Moo
11.00
11.25
11.20
10. 90
10.60
10. 15
9.h5
9f. 20
9.10
8.90
8.70
8.50
8.20
8.16
7.95
7.70
7. *0
7.45
7.35
7.30
7.25
7. 220
7.20
7.30
7.45
7.6O
7.85
8.05
8. 30
8.70
9. 00

Nov.

_3_
9.35
0.40
0.45
9.45
9.35
9. 15
0.05
8.90
8.80
8.79
8.55
8.50
8.40
8.30
8. 20
8.10
7.05
7.80
7.05
7.60
7.40
7.20
7 00
6.90
6.70
G. 60
1,35
(1. 20
6.10
5.95

b Rtea(lillg clhanged1 one-half foot or more.

19)1115.
[(Gailge, 11:3.117 inites from Ealls Biridge. Zero of gauigo, 308.81 feet above Memphis (Intila l )lane. Gallgo

enad alt 8 a. In.]

Mar. |Apr. May. Jille.

11. .10

111.20

10. 115lli. (10
1(1. 1i0
17.00
10..95
10. 80

10,. 00lji. I()
1(1. 05

15.80
15. 40
11.75
11.20
13.80
1:1. 45
1:3. 10
12. 70
12.20
12. 05
12. 40
12.90
13.25
13. 60
13.00
1l. .10

IIl. 95E
15.' 1.'

15. (15

10. 45
1W1. 05
16. :15
10.05
15.70
1, 05

1.11. 10
13. 95

13.70
13, 35

'l.96112. 95

12.80
12.70
12.,70
12.80
12.80
12. (15

12. 50

12'.30
12.10
12. 05
12. 10
12. 70
13. 30
13.80
1.1. 70
115. 05

15. 50

15.00
14.3:5s
14. 1(0
.1.05
13.20
12.50
12, 00
11.00

11.401
I 1, 5

11.75
12(1C0
11.20
1t. 00
17.00
17.60
18. 30
18.55
18. 10
17. 45

17. 0O
10.80

10, 40
16. 103u0.051
15.95

1(1. 30

11. -to

(1.401
1(1 ISEl
15.80
15. 70

111. .10

16.90

1(1.0015.

i. 00

15.:20
1.. 70

..15

1(1. 93

17.51 17. 2f
17. 35
17.00

11. 80
17, 10
17. 15
1'1). 90
10. 85
17. 20

1 7. 03
18.05
17.903
18. 10

.Ally.

18.1t'0
18.95")
19.0)5
19. 1
19.2.5
I9.95
20. .15
20. 70
20. 65
20. 45

20.30
20.10
20. 30
20.60
21.00
21. 31)
21.20
20. 50
19.315
18. 35
18. 3I')
10.35
17. 50

16..95
16. 60
10. 70
17.05
17. 10
I(1.
15. (;10

30

A 11g.

1.00

1(1.

17. 10
17. 10

17.00
17.00
11). 10
15.70
15.05

13.70
13. 10
12. 8
12.160
12.20
11. 70
11.30
11.00
11.00
11.20
11.60
11.80
12.45

14.50
15.25
15. 03
14. 75
14. 30
1.1. 5(1

12. 55

Sept. Oct. Nov.

1.f55 13.655 11.50
10.70 12.90 11, 15
I0.-0 12.30 10. 80
10.10 11.(65 10.75
9.70 11.20 10.80
9.40 11o).90 11.O(
9.30 o10,6iO 11.15
9.20 10.10 11.90
9.20 9.75 12.20
9.16 9.30 12.05
9.10 9.05 11.80
9.051 8.75 11.60
9.30 8.60 11.30
10.15 8.30 11.30
10.50 8.10 11.25
10.05 7.90 11.00
10.50 7.70 10.30
12.60 7.60 9,80
18,.00 8.30 9.'15
21.35 13.15 0.20
22. 70 14.35 9.30
23.40 13.25 9.50
23.60 12.90 9.05
23.30 12.75 9.25
22.30 12.70 8.75

b20, 70 12.90 8.45
19.00 12.95 8 35
17.50 13.85 8.25
I1l1.00 13.I0 8.10
H. 80 12.80 8.05

........ 05.........

b taen(llng vlmaqe(J one-half foot or more.

lay.

:3
'1
2
(i
7
8
I)

10
11
12
13
Ili
15lfi16;
17
18
Ill
20
21
22
23
24
25
211
27
28
29
;30
:I1

Janl.

5.30
f.10
5.85
5.85
6). (',0
5.05
4. 75
.1.80
'1.80
4.80
4.75
4.05

*1. G,54.60
4.70

a 4, 905
5.00
0.:30
5.65
11.00

b 7. 65
10. 0
13. 10
13. 65
1 3.00
12.35
11.85
11.15
10.20

Dec.

56.85
5. 80
fi.f75
5.60
5.45
5',40
5. :30
5,15
4. 95
41.80
4. 75
4.70
.1. li5
4,50
1. 20
3,7f
3. 55
3.f0
3,10
2, 75
2.65
2.46
2.40
2. :30
2.50
2.65
2. 75
3. 20
;3. f0
2. 0(1
2.10

D ay.

2

Ii

7

8

9

10

,1

12
I3

14
15

'21

17
18
1 1
20
21
2'2
23
24
25
26
27
28

29

30
:11,

Feb.

(1,20
(1. 50

8.85
11. so
11.15

111.101
11.15
11. 15
10.95
10.65
10.110

9. 10
0. 00IUl. (O
8.80
8.'70
8.85

8.75
8. 10
8. 5) I
8.45
8.50

Iap45
a 10. 35

a 11. 70
7. ('O0
9. 25

Jami.

2.10

2.10
1. 60
1.80

2.60

2.90

2.90
10

2.00
2.75
2.70
2. (iO
2.00
1. 10
1. 10
1. 25
1. 00

1.90
2. 10
2.80
:3. 45
3.(0
4.00
5).00
.1.70

I1. 20)
.1.80
5.80

D)co.

8. 35
9.20
9.85
9.80
9. G0
9. 35
9.05
8.60
8. 10
7.445
(1, 95
0.30
5.90
5.00
5. 50
5.65
5.o5
5.60
5.15
5.oO

5.70
5.80
3.85
5.00

5.80
5. 75

6.00
0.65

11

n Douliffill on account of ice.



212 VATElIRWAY, ST. LOUIS TO TILE GULF AND CHICAGO.

Tabulated gauge readings at selected stations bctweenl Chain, of Rocks and Cairo-Cout'd.
COmNmE1CI,, mO.-Colitintiod.

19)0(1.
(0augo, 143.67 mIles from Eadls Blrl(ige. Zero of glulge, 3(8.84 feet al)oe Memplis (ltlltilml p1ano. (GapgC

rea(d at 8 it. ni.]

Apr. M~ay. Juiuo.

_3.30 ..;0 1.50
23. O 11.70) 12.00
23. 50 111.004 12. 55
23. 36 16. 50 13. I5
23. 10 1U. f5 13. (A
23. 05 111. 5 14.10
2310 13. Tiro 14.30
22. 00 ION;.) 14H. f5
22. 05 17.35 I5. 201
22. 130 17. 21) 15,, 75
22. 85 1If. I 11;.05
22. 15 1(.0(.5 1. 31)
22, 30 1,r55 113. 35
22. 1f l5. 21) 156. 90
22. 0 14. SoIN1 (A)
22.10 3.4.4 15. rk)
2'2. 7.5 141. 10 I5.5,,0
22. 11) 1:1. 0 i 5.1),5
21.4(. 1:3.15 11410
20 30 12. 711 1.1.1)0
20.)5 12.50, 15. 1)
111.85) 12).i)21)10li. 15i
1S. 1 1 1)H. 0 1 1.4l5
18( 111) 13.8 ) 7.1)5

18. 00 11.45) 17.15
17.71) 11.351 17.25
17.454 1.25It2 1. 50
17.'21) 11:2.5 i 1I1. ,
17. 30 I 1.3) W(1. 2531.35'..........

July.

11.35
1(3. 30
11.25
11.30
113. 30
113. 10
115.801.') 15
15. 30

14. l()
,33 70
13. 50
13. 25
12, 00
12. 7(
12. fO
12. 30

II. 71)
1 1. 3(
11 .25
3. 20

31.13(1
II. 00
12,655
32. .15

11.40'10|,.80)

Atug.

10. 30
0. MX)
0.70

!1. (A)
1). 71)
l. 15(

1(). 2S0
1). f)O
3). 80

I).3)
11. 20I(I.00

11.8301(1. 10

11.1'0
I0. (1)
11. 2(1

11..1)
1(). (i

H. 20(1

11.r00
11. 710
13). 7.'

Sept.

10. 10
1). (15

8. 75

8. 10
8. 30
8.26
8. 20
8.'20
X. 'Wf8, 10
8. 2
8. 3

X. Y(0

8. 20

8520
8. 1o)

8,0)
X. Mt

7. ()
7.lN)
8. 10
8. 2(3

8. II)
1t. 1)

1(1. 10
111. .'5'
11.t)5

Oct. Nov. Dec.

11.40 5. 0 10.20)
11.25 5.70 0.,15
1 1.5 (1.05 1. 40
11. 75 1,i50 1.31)
1 1.(f (..8() 0.30
1.50 7.00 1). 40
11.00 7.0(0 9, 10
l(). 10 7. 10 ..80
049( 7.20 10.11)
0,20 7. 30 1, 13)
8.75 7.40 11. 75
8.410 7.40 11. 40
8.lO 7. 0W 13.2)
7.80 7. I 11. 0
7.C)' 7.65 13. 60
7. 40 7. t) 9. ()
7. 25 7. 70 02))0
7. 15 8.5 8. 0
7.O.5 8.05 8.70
1.05 8. 30 8.41)
(1.75 10:0)5. 8.15
(1. 0 11, 85 7. PA

, TA) 11. 45 7.0
11,35 11. 40 7. 40
1.25 11, 40 7.10
1. 10 11.30 6.1C)
(. 00 1115 5.1( )
5.8) 11.00 f.3))
5. 7) 10, M) 4. 41
5. 1(1 . . )

is allegeded less 111thla o()Il allttf foot.

19(7.
[Gaugo, 143.117 Iiles from 1E;n(1s B1ri(dge'. Zero of gallge, 308.8 I tfee)a)ve Meulliiplis

rew(l nlt 8 i. m.]
dati ll 1311lle(. G11lige

IDay,' Jain, Fob.

,. (1.,8 2(0.2
3 8. 85 11.5
4 11,85 18.8
5 12.0 17. 05
0 12.1, 17,1)
7 1:3.G5 15f.8
8 14.;3 1I4.2
9; 14.7 12. 45

II) 1.1.13 1 (1.31)
11 14.7 13.3
12 14.55 8.1

13 14.3 8. 3

14 13.9 S.1)
15 13.75 1 ,0

1()' 14.0 13.8

17 1 1-1. 35S 10(-:3
38 15.1 1(.1
I t) 131. 8 1 . 22
20 19.4 1 1.)11(
211 21.7 1(0.8
22 23.11 1(1.55

23 2-1.85 1(. 4

24 25.3 1(1.0
265 26.56 1I.(i
201 25. 25 12,'55
27 24. 55 :13. 3
28 23,75 13.0
211 22.88.
30 22. 05 .

21 4

M§arI Apr. Maly. hJilmn. (ul>y.

131 7
11.7
11.76
13 705
1.1 75
1:3. (1
1:3. (;

1313
It. 3

13.04

15. 85
17. 1
18.11
18. 2

18. 1

18. 1

18. 3

18.5
18. 8

18. 85

18.315
18. 1
17. 85
17.31
17.35
17.(05
131. 7
1 3. h

131. 21
11S, 25

151.75

14. 7

11. 4
141.25

I1.1,2,1-1. 2
14. 35
1-1.7

1 l6.;a
I 15.3
M0. ()

I l".' Is
I IJ;.7
15. 7
15. 75

15
Ifi,.05

17.0,17.05
I1(1.
17. 15

15. 315

Ii. .1

I f. 2J
171. 7.
13, (I

IiI, :1

131, 2s
1,1.75

7.18.1)

IX.()
Iis. f)

17,

1o. Ifi
131. 3

18. 511). 1S
17.8;
131.7

12.
12.3

12.!i

I 15.1
17.7A
I s.,,
18.0b

18. I
18.25

38. 5

X1). I5

20ll.(.;

20. 91
20, 7
20). f,'

11). .3

18.8(

17, 8
18. 1

38. 7
i17.

2)1).
21). 3

231. l

'13. I

1X. 3)
18.13
18, 5

(1

17. 35

111. 75
131. 76
111.

1I.75

17,r)17.l)
17.11
18. 25

30.7
21). 7

21.0

22, 0
22. 35
22. .15

22. 25
22. 1

21. 8

2 .5

a 1eaudllug c1lgohun( one-biwif foot or Jnorl%

Jan. cbel).I)ay.

(127

12

3
14

15

6
177

18
20

10
11
2
23
14

25

16
17
18
1n
20
21
32
2,3
24
2fi
@2(
27
28

31

13. 150
13.70
13.80
13. (d)
12.80
11.110

1). 55
8. 80
8. 215
7.Vf)
7.5A)
7.560
7.85
8. 00
8. (X
8. O(
8. 05
8.20
8. TA)
8.80
0. ()
1. 75

I1I. 2r,
1:s.75
15. 75
17.05-

6.81)
7.05
7.85
8.165
0.00
11.35
13.90
14. 10
13. [A)
12. 70
1 1. 5
10.50
O. lfi
9. .15
8. O(
7.70
7. 40
7. 26
6. 8
13.75
7.00
0. 70

1 1. 0)f
12. O(X
13. 00
13.
14.00
13.8.5
1:3.I0
13. 30
13. 35

Mar.

17.770
18. 35
18.H00
10.00
18. CA0
17. 90
17.30
16. 815
111. GO
16. 40
113.2
15.01)
15.70
15. 3f)
I 5. (O
14. 00
11.1()
13. T)
13. 1()
12.85
12 .31)
12. (W)
11.00
11. 70
11. 85
12. 30
13. 7;5
15.80S
1t. 0(
20. W)
22. 25

A1

I23.

18.01
17. 8

17.11

,15.8

35. 1

14.

13. 21
14.28

5.25

15.3

1511.
15.4

15. 4
15. 1

13.1
12. ll,

Oct.

12.1 .5

12.1

32.0)5 8.5

I13.85 8, 8

II. 85 1. 2

8 13.11)

1.55l 1(.5

..15 1(1.3

11.1 I
(10,75 1(1.7

7 13 .1

(3.f4 , 110.7
13.2 1(1.4

8.85 131)

847,1 13}.7I 8}1(I" 9{. 7

8.5 1 11.(1
!.4 1 311(

S. 2 S. 8
s. 7. 75

. 1
I8.35 7.

I . l 7.75.
j 8.'2 7x,8

8. 35 7. 41
i . 7.' 7 , I

8.35 | 7.1I
3iE,17.11

31.8i I 5r.n
7.0 5.1I)
7.11 . 85
(1.13 5.8
(1.8 5.7

5
E.}1 .. 4>5

(1,5 f,,4
11,.1 '5.25
(1.3;s[5.2
1.3 5.2
6;.:3 hr. If,.3I 5. 015
31.1( 5. 1)

5.1) fi.1
5.8. 5.1
fi.8 r.
.5. 85 5. 25
5, 8 6. 4
.5.05 5i.45
3. 3 5,45
31.35) 5,.35
1.1 I5 , 4
(1).15 5.85

I f.n I ().nr,0 1 1r .0
5.0 (1,0

5. 1)5 (1,05
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Tabulated gauge readings (it selected st(lions between Cilhlan ,J Rlocks and (.airo----CoI1td.

COMNIMIRCE, IO.---4'on turned.
1908, -

[(Gauge, 14:3.67 milles from Ends Bridge. Zero of gauge, 30S.81 feet atbove Meliphis (dAIIiii plalle. Gauge.
rea(dt;lII . ini.]

D)ay.! Jnil. Febl
___ __

I a5.70 4.50
2 5.70 '1. 20

6. 6 :3.60
.1 6. (5 Z-.80
f 6.6O 2. 06
6 C.60 1.367 i .4-0 4. 70
x 5f. 40 -1. IC5
0 6.36 .1.60
10 6.25 6.16
11 6. I C ,560
1'2 6. 6o;.00
13 (I.05 l. l.,1
14 6li.069 7. 85
165 7. 16 "0 .[A)
16 7. 10 1 1. (4)
17 6. 761 13. 10
Is1 1.30 I 1'6.70

20 6. 6 17, .10
21 6). 40 17. 0
22 6. I0 18,M
23 4. 65 1834.)
2.1 4. 70 18, 20
2 -.1 00 18.06,

26 1. 10 I1. 00
27 6.10) 17.86
28 61f. 10 18.(0)
2S0 5. 10 1 8. 60
30 .1. 4) .....
31 4.1m ........

Mar.

18. 60

18. 10
17. 76
17.40
17. 35
17. 410
17.15
17. 60
18. 16

18. 00
20.00

24). 45
2). I6
20.60)
20. 66

INt). 6fi20. 3oo20.00

10.

19. 40
18.0)
18. 46
17.90)
17. 36

16. 70
1i6.
16. 65

1 6.3

1,. 30
15. 10

A pr.pr , ly. ,11iiw.

16.00U
14 70
1. 76
11. 70
11.70
1). 7(M1

17. 20
IX, 86

20, (A)

20(, 010
20,00

2(. 70
20. 36

10.80Iot).2EI1. 26
18.35
17. 64)

16 70
1l6. (0
13. 2(0
I .'). W)(
Wt. W)
16.0I1G. 01)

16. 14)
1(4. .10)
16;. 60,
16.lN

I6.6

16i. (4(1
16.24)
1, 3.5
1(. .10
17. (1

18.80

10 . 20
10.76
24). 2(1
2(0. 0

21.2)

21 20

24(), N)I
22. r0
2 1.
23~, It)
2:1. 2(1

23.1(0
22. 60

22.24)

21. 75
21. 40
24). 80
24), ,16
20. I'
21. 16r)
21.0PO
22. Ii

.5

2:1.00)23.402 1.24s. W{

21, 30

2.1. .1(1

2.1. 10)
2S4. 302 4. r,')2-1. A)
24. 3I
2.1. 60

2'1.76
2.5. (1)
235,30
25. ,()
26 i. (1)

26i. Il0
244. 70

27.()
27. 16
27. 24

27. 23

27. 24)

27. 14)
27. (N)
26. 7,r
26. ,60)
241. 20

25.

Julyl!. \1,

265,4)0)2.50 .) ....
2 1. 711.
221.7).
21.80.

21.91))!....2.1. or.

21. tit)23.1))
23. I(.

22, l0.
21, (1.21)).7
21.2).

1I1. 0 .

i,. 1..

) I. It. 25 r.)1,23li).....

19, 2.0(Ii. (13.

17.'..)I7. . .

) I 7..'; ......

Sept11. ON. Nov.

From Jan. I lo Feb. 16, Inclusive, otl temIIpolrar

11E1-(EC1IItID(1X 11.1..

|(auge, 160.45 14iliis fromin Eladls 1B1ridge. Zero of gauge, 2.S0).73 ItaboveMew 1)1lI:;M kdalnmi pelne. ( allgo
roea i t 8 i. Ill

lga ($estialliShdO/.)( 13, IN¶II,.

D)ay. JIill.

2
:1
4

6

7

8

10
11
12
13
14
16
IO
17
18
10
20
21
22
23
24
26
20
27
28
20
30
31

'1).. .\fair. ) Mla v. J uIJl uty. ' \ sop(,

.....i11.,.
1.:
'' ' ''' ' '' '''''''' ' ''''''' ''''' '

Nov.

........

,........

1. 75
:. 80

4.05
4.30
4. 46

4. 0

4.70
4.55
4.60
4.40
4.35
4.30
4.30
4.35

.1. .10

4. .10
4.140

1. 40
4.30
4.10
4.00
3.85

1. 80
3.76
:1. 70
3. 80
3.85
3. 03

:, 85
:. 85

:1, 80
:, 80

3,80
3.76
3.76
:1.76
3.70
3.70
3.70
3.05

3.4153.655
3.45
3..45

Dec.

3.40
3,40
3.36
3.26
3. 16
3. 10
3.05
3. 10
3. 15
3. 16
3.226
3. 52

a 3. 35
4. b0
f.00
(-..10
7.40
8.6(
b

b

b

b

b

b

b

a I lttorlpolatle(--nlorea(dingNo.

1)ev.

... ..... ... .. .....

........ ......

... ........ ...... ......

........ ... .... ..... .

..... ......

...... ..... .. .....

... .. .. . . .

.. ........ ........ ....

........ .......

... ........

. . . . .

....... ........

........ .......

...... .......

... ........ ........ .......

....... .......

... ........ ..... ... ......

.. .. ..... ..... ... .. .....

........ ... ..... ...... .

....... ........ .. ....

.. ... ..... ........ .....

... ........ ....... .. .. .

... ........ ........ .......

... ........ ........ .......

.......... .......

... .... .... ....... . ... ....

. ... .. . . .. .. . . . .

... ........

. . . . . . .

. . . . . . .

. . : ....
... ....

.. ....

........

.......

....... :

......

........

........

... .....

... .....

........

.: -: ....

.....

... :...

....... :

........

.......

........

... .....

........

.:.: ....

. ....

........

... .....

........

....... :

. :.....

. ......

11 .... 1.

........

...... :.

........

I...... I

... .....

........

........

... : ....

... ....

........

........

........

.........

..... ...

........

........

........

. :... :--

....... :

.......

b No gaugo"(,



21lit ATERWVAY, ST. LOUIS TO T1HE, GULF ANrD CHICAGO.

Tabulated gauqe readings at, selected stations between, Chain of IBorks and Clairo-Cont.'d.

1902.
(0auge, 169.45 smiles fromt Eads B~ridge. Zero or gauge, 289.73 feet above Mleiph!s (tatMu11 plane. Glauge,read ait at. iii]

D~ay J11a. Feb.

21 9.30.....
3
.1........

10 . . .

12 Ice. Ice.13' lee. Ie[.1 Icc. Ice.
11 I(e le

Ii Ile. lee.17 I.c. Ice.
19 Ice. Ice.
20 2. 95 Ie,
21 2. 95 Ie.
22 2.905 ice.
23 3. 00 Iee.
2.1 3.30~ Ice.

27 3.4.5 Ice.
28 3. 735 Ice.
29 Ice.....
30 Iee .
31 Icee ....

Mar. Apr. Maty. Junle. July. Auig. Sep)I. Oct. Nov. jDec.

.~~::j:::::zJ~~...................9 .....

...i................. 0
...... . .. .. . . . . .i. . . 8. 70.. .

.......... . . . . . . . . . . .. . . . . . . . . . . .

......... .. . ... ..... .. . 90.7 . . .

................. ........~~~~: ... .. .. . 0 . . .

............. .. .. . .. .. . .. . .. ..i. . .. .. .. 0.400.. . .

.............. . ............!.... .... 99 ...

..........I.. .. .. .. .. .. .. . .. .. .7...... . . .

............ .. .. .. . ... . ... .. ... .. ... .. . . ....: .. ....:.. ..

............... .... .... .... .... .. . .... ... ..... .. . .. . .. . .......

........................1... i..
..

......... . .. . ... .. 9 (O ......::

[Gauge, 169.415 Miles fromt Eads Biridge. Zero of gauge, 289.73 feet above, Memphis dlatill plane.0 (lauige
real at 8 ai. mn.]

IDay. Janl. Feb. MNIar. Apr. May. J I Ie. jil. Aug. Sept Oct. Nov

S.~~~~~~.... .. ...........I. ..... .
.

0.~~~~~~~~~~~~~~~~~...
........ ........

.................. ::......: ..I.......:....:... ...

13L.......L.......39.00 . 37~~~.2......................
.. 39...1..5) .........37.3...........

10.::::39.20...37. 00 .........

23 ..... . ..8A . .

26;. . . . . . . .

9.26

201.8.002K:.......8.065
30 ..............:.......31~~~~~~~.... ..

.1.. . . . . . . . . . .

De)c.

7. 25
7.00
(3.70
0.20
6. 00
5. .10

51. 37)
4. I5

.1.00
3. 20
2. 35
1. 80
1. 70
1. 0
1. 75
2. 55
3.00
.1.05
4. 15
4. 70
5.00
6.35
5.25
5. 30



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 215

Tabulated gauge readings at selected stationls between Chain of Rocks and Cairo-Cont'd.
BEECTIRIDGIJ,-, ILL,.-ContlnUM~.

1904.
[Gauge, 169.45 mIles from Eads Bridge. Zero of gauge, 289.73 feet al)ove Memphlis (latum plano. Gauge

read it 8 a. mn.)

D)ay. Jan.Fo; .

1 5.60 (")
2 6. 00
3 5. 50 a4 6. 25 a
5 6.55 (a
6 6.40 a
7 5. 00 a
8 41.70 a
9 .1.55 a
10 5. 00 a
11 '. 90 a
12 1. 80 a
13 1. 70 a
11 '. 65 (t
15 41.0C0 (a
16 4.(5 |(
17 4.0S (a
18 '1. 15 a(
109 1.20 (a
20 5. 50 (a
21 6.00 (a
22 6.410 (.
23 8.00
2-1 t))
25 a1
27 a

a

28 a a

209 (
30 a
31 a

No gauge9.

Mar.

a
a
a
a

21.6

a
a

21.05

23.30
22. 50
21.00
21.05
23.70
27.650
30.650

33s. 70
33. 50
3U. 70

Apr.
37. 10
37.80
38,00
38. 25
38. 20
37.90
37. 50

b37.00
C 35. 90
35. 10
35, 10
34. 80
3 1. 65
34. 20
33.60
:32.50
31.10
29. 85
28, 65
27, 70
26. 00
25. 80
25. 20
25.20
26. 30
27. 60
29. 60
31.30
32.50
33. 65

May.

34. 25
31.65,
34. 80
34.90
34. 95
31. 65
34.00
33. 10_
31.80
30. 60
29. 50
28.60
27. 60
26. 410
25. 20

(I
a
a
aa

(a

a,a,

Junie. Jily.

(a) (a)a) '1)
() a

(a) a)
2-1. 15 a
21.X85
26.30 a
27.55 a
28. 25
28.20 I

27.85 it
27.20 2.1.60
26. 10 25. C0
25.10 26. 20
(a') 26. 20
(a) 25. 60
(a 21. GO

a (aa a

.' U

_ 0

b Interpolated- no reading.

1905.

Aug.

(I
a
a
(a
(a
a
aa

9.50
0,250.20{). 20
0. 60
9.15
9.25
9.50

9.80
(a)

ta )

a )

Sept.

9.75
0.20
8.75
8.35
8.10
8.15
8.515
8.50
8. 15
7.80
7.70
7.80
7.80
7.90
7.70
7.60
7.40
7.30
7.10
7.90
II,00
11. 50
12. 10
12.00
11.35
11.00
10.70
11.20
11. 60
11. 65

Oct.

11.80
12. 10
12.15
11.80
11.55
11.05
10.40
10.00
9.70
0. '10
8.05
8.80
8.60
8.40
8.20
7.95
7,75
7.65
7.65
7.50
7.40
7. 10
7.35
7.10
7.65
7.75
8.00
8.30
8.60
8.95
9. 10

Nov.

0.900
10.15
10 20
10. 16
10.00
9.00
0. 70
9.55
9. .j5
0.30
9.20
9.10
0.00
8.95

8.70
8.55
8. 10
8.25
8. 05
7.90
7.65
7.10
7.25
7.05
6.00
6.65
6. 410
6.30
(. 15

........

t Ren(Ilg chtanned oneclhalf foot or nioro.

(Gauge, 169.46 intles from Ends Birldgo. Zero of gauge, 289.73 feet above lMemphis (datumli plaile. Gauge
read at 8 a. In.]

I)ay., Jan.
I: _

3. 10
3.60
3.60
3. [A)
3.75
.1. 15
i1. 30

I1. 35
1.1. 10
.1. 10

i3. 70
3. 10
3,55
3.60
2.80
3.70
3. 80
3.90
3.00
3.V0
4. 00

'10.20
c 11. 00
'11.50
e12.00
'12.80
e13. 00
' 13. 50
e 13.00
c 12. 16

Fbl).

12.05
b
(b
(b
(b
(b
(b

(b
(b

(b
b
b
b
b
b
b
b

1.11.00
14.80
15. 50
1.1.R0

I''''
.. .. .

12.501 I....

'Mar.

10.20
22. 70
23. 70
23. 70
23. 10
23. c0
23. 70
23.20
23. 00
22.l60
23. 00
21 120
25. 10
2t1. 00
26. 50
26. 90
26. U0
26. 90
201. SO
25.80
2-1. 0
23. 10
21.80
10.80
19. 0
10. 60
20.10
21. 80
22. 00
23.410
2.1.00

Apr. May.

2-1. 50
2.1. (A)
25.00
241.80
241.10
23. 50
22. 60
21.20
10. 70
18.00
18.00
17. 20
16.60

C 1,0
16.20
16.20
16.30
16.30
16.30
16. 30
16. 30
16.00

( 15. 70
15. 30
15.30
IS. 70
16.20
16.80
17. 70
18. 60

"10.60
10.80
19.80
19. 70

a 20.00
20. C;o
20.W
10.5
18. 70
17.70
16. (A
16. 30
15.80
15.80
17.10
10.80
22. 00
241.80
25.90
27.20
28.00
28. 30
28, 00
27.80
27.50
20. 90
25.80
24.80
23. 60

21.60
20. 80
20. 00
19. 70
20. 00
20, 0
20. 70
20.00
19.-10
18. 80
18. '10
18.10
18. '10
10.10
19.80
20.10
20.20
20.20
20.10
19. 10
10.80
20. 20
20. 60
20.30
20. 10
20.70
21.50
22. 50
22. 60
23. 10

22.30.

Jill',.

23. 70
2.1. 30
21. CC
21. 70
24. 00
26. -1(
215. 70
25.80
26. 60
25, 20
21. 8S
21. 70
21.6C
21.
2tx 1t
25. 6Ct
26. 7(
25.00
24. 70
23.50
22.56
23.00
22. 30
21. 6
20. S0
20. 70
20. 0
21.20
20.M50
10.5)(
1V.0(

a1 1Readillt chIanged( oIICllilf foot or imoro.
b No reotings, accoullt of leo.
C Changes less I )Hill olleltalf foot.

A 'tIg.

10.00
19.90
20.50
20.80
21.00
20. 10
19.70
18.80
18.10

(117,70
16.80
1.1(.10
16.10
15.60
15.20
1l1.80
14.40
11.00
13.70
13.60
13.00
11.20
I1I.60
15. 10
IIt.70

8ept. Oct. Nov. Dcc.

1.1.00
13.80
12. 90
12. 70
12.20
11.70
11.50
11. 10
11.30
11.30
11. 20
11. 10
11. 10
11.00
12.80
12. 50
12.30
11.00
20. 50
21. 20
26.00
27.30
27.70
27.80
97.00

16.80
15.80
11.90
11.80
13. t0
13.10

.12.(i0
12. 20
11.70
11. 30
10.U0
10.60
10.30
10.20
0. 80
0. co
0. '10
0.20
10.10
1.1.00
17.20
10.30
15.80
15.80
IT. fn

15.00
15. 10
14.60
1. 10
13.00
13.00
14.30
1.1.6co
1.1.80
11.50
14..20
Ill.0O
13.80
13.80
13.50
12.90
12.20
11.70

111.30
11.30
11.60
11.80
I1.CO
I I . ()O

18(,0 21.570 10.10 10.60
O 18. 80 23. 70 10. 10 1I.-I0
0 18,.50 21.80 17.00 10.20
O 18.10 20. (0 17.10 10.10

17.'l0 18.20 17.00 10.30
0 11,.20 ..... 1..

16.50 ........

(I nlltcrl)olatcd-nloreading.
* Doubtful on account of lee,

Dec.

6.05
5,05
6.80
5.70
5.55
5. 10
5.30
5.10
4.90
1.70
1.55
'1. 55
'1. 65
4;35
'1.10

b3.70
b3 33
2.85
2. 0
1.90
1.65
1.50
1.50
1. '15
1.40
1.80
2.15

b2.80
3,10
3. 90
3.35

2
3
*14
6

7
8
0

10
I11
12
13
I.1
16
16
17
18
10
20
21
22
23
21
26
20
27
28
29
30
31

10.60
11.6
13.50
11.80
15.70
16.70
17. 40
17.80
17.00
18.10
18.00
17.80
16.80o
15, SO15. 80
11.80
13.80
12.80
12.10
1 1.lO

111.00
10.50
11, 70

a 12. 10
13.10
13.f80
1I1,.80
16.30
15.50
15. 30
15. 20
1I1. g0

.1

I
I

I



2 1( 0 ATERIVAY, S'1. LOUIS TO TIlE GCULF AND CHICAGO.

'J'blate(IIcd qaqrdinqS(ialtIn(ltiOfl.'helwren C/win of Rocks arnd C'airo-C'oit'd.
BE1CAIR('.lIDG)(E1, IL1,.-('ontlimued.

1906.
[(anuge, 169.'15 nlIles from Eads Bridge. Zero of gauge, 289.73 feet above Memphis (latuin plane. Gauge

reol at 8 a. in.]

F1eb.1. Ma~r. ApIr.|
24.20 22. 60 33. 60
24. 10 23. 30 341. 70
23. 70 2.1. 40 35.5 20
23.00 25. 80 35. 60
2 1.75 25.60 35. 60
20.20 24. 50 35. 9'.)
IX. 31) 2.1.60 36. 10
Il. 90 225. 30 36. 20
(a) 2.. 20 30. 20
((5) '25, 20 36. 20
(bs 24, 60 :16.10( bI 23.

Il
35. 00

(")t '23. 10 35. 50
(a) 3,30 34, 00
(n) 21. 40 34. 60
(") b 20. 90 34. '10
(") 20.30 33. 00
( b)r20. 00 33. 00
(a) r, 19. 60 32. 0()
(it) b 19.60 31. 0(0
1.00 10. 1 30', 20t11.00 20.f1) 29.40
t11.30 21.20 b 28 h0
11.70 21.0)0 27.80
13. 10 22.60 '27. 00
IU(. 00 23. 00 26. 10
18. 7() 23. 80 25. 10
20.51) 25. 20 24. 45

........ '27. 70 23. 45

........ :30.00 22. 0(
_____ :31. 90 .

Iy.

22. 40
21. 90
21. 60
21.30
21. 30
21.30
21. 30
21.60
22.21)
22. 30
21. 60
20. 9))
20. 20
19. 70
19.30
18. g0
,,S. 40o

b 17.80
t,17. 10
1(I. 40

15. 00
III. 6'0 1
1. 301

1Il. 00
13. 80
13701
13 80
13.100

14. 00
1.140
15. 70
16.20
1;. 80
17.20
17. 40
18. 00
t1. 00
19. 40
10.(1)
19. 60
19. 30

18.890
18. 55
18-30
18. 10
18. f(i
18 30
Is 80
1 9. 1()

2(0. 31)
21. 00
21, 10
20. 80

19.30
19.21)

July. Aug. Sept.

10.40 13. 60 14.10
10.40 12, 90. 12, 70
19.30 12.301 12. 30
10.35 12,10 11.4019. 30 1'2.10'1 11. 8010i.35 12. 10 It1 . 4,0
19. 20 11.90 11.20
18.90 11.30 10.90
18.650 11.SO 10.80
18. 20 12.30 10. 60
17. 80, 12. 10 10.60
17, :30 It1. 7rA 10. 55'
16.70 11.90 1().30
1(.20 12. 00 10. 70
15.90 12.10 10. 90
i15.l0 112.21) 10.80
15. 40 b 12. 71) 10.70
15i. 10 13. 30 10. 45
14. 90 1:3. 90) 11). 30
1-1.70 13.1W). ll).10
111.50 13. 30 9.80

i1 40 13.10 9.80
11 20) 13. I1)O . C)0
14. 10 13.70 0.90
1-1 1() 135(10 0 80
1.1 20 13.3() 9.00
1. 70 12. C0 10, 0
15.. 40 12.20 12.00
15.80 12.40 12.70
1,5. fO 1:3. 70 1:3.00
..()IO 1.401:).7.,l1-. 11) 14.40 ........

Oct. Nov. Dlee.

14. 30 7.60 22. 40
1. 00 7.60 20. GO
15.60 7.80 18.85
10.20 8.20 17.(00
1(1.60 8.40 15.80
17.00 8.60 14.30
17.10 8.70 14.10
111.80 8.70 13.70
111.80 8.80 13.45
16.20 8.0.5 13.46
15.6O 0.10 13.30
14.80 9.20 13.16
1.1.00. 0.30 13.00
13.00 0.60 12.00
12. 10 9.30 13.70
11.20 0.40 16.10
10.,"0 0.50 15.90
900 10.00 17.30
0.30I 11.20 18 80
9.20 13. 40 20. 10
8.00 111.60 21.00
8.70 20.20 21.20
8.15 21.70 21.60
8.25 2'2. 45 21.80
8.20 23.40 21. 00
8.00 241. 10 21.60
7.(0 24, hO 20.85
7. 60 2.1. 60 10. 40
7. (iO 24.30 17.70
7. X0 23. 7(1 1(1. 20
7.8... 16.7(0

a No rea(lIII1s, aeCount, of lee, b Iten(llfg ellallnge(1 olle-half foot or more. C Changed less thianl onc-halfu foot.

1 (07.
U((huge, (169.15 mlmes from Eads lBrldge. Zero of galuge, 289.73 feet anbove Meiphlis datilit

rea(l at 8 a. 1ii.j
plane. Glaugo

Day.l Jan. Feb. Manr. 1Apr.
I tl 16.00 :3o.o5 20.1)r 31.20
2 17. 10 :(.30 21.10 3:1.20

2223 35.| 0 22. 70 28,90(
23.01) 34. 71) 23.90 27. 10
27. 1 3:3.80) 241.80 2.3,00O

6 a 28. 25 32. 70 25. t0 2:3.00
7 29.). (L0 ) 25.90 22.10

8 30.00 (b) 26.20 21.61)

0R. (b) 2(1. 10 21.00

() 1.70 (b) 26.5 20. (i
II .6i (b) 2(0.20 2(1.

12 30.)1( () *25 60I 20 81)

I:3 29.1( (1.) 25.210 21.00
Il 29. 1| 17. 10 20(. 21.60
X5 29. 20 | f16.40(1 27.85 22.

1(i6 29. 10 16. I1 29.31 22.1(;0
1 7 29.2(1 1(1,2 311.53 '22. 40
18 211.71) 15.20 :31.5 22.10
19 30 AO1() 15.415 32.20 (521. 80

201 12. 2(1 15.5 32.80 21.45
21 :11.00 15.GO1 33.30 21. 45

22 :15.911 15.20 33.00 21.70
2:1 37.10 15. 10 31.30 22.00

21 3. .10) 16.2(1 31.33 22. 1)
25 :111.30 1W(. 7( 34.30 22.00
2(1 30.530 18.2(1 31. 10 22.2(1

27 394, I I.:01M 33.1(1 '22. 1(0
28 311.10 2(1.00) 3: 1(i 21. (5

21) ':18.51) ....... 1. 10I 21. )
:1(1 U,).... .... .. :1, 7( 1 21; 30
:31 :17.5;0........31. D |.

Mny. Juuie.

21,30 17.30
22.00 18. :10

213.10 18.50
23.80 1 .60

23. 90 21. 10
23:.80 23,20
21.30 221.60
25.20 25.,20
20100) 25.3(0
2710 2-5.7)

27,I0) 2(.00
28. 010 2. 40
27. 701 2(1.80
27.20) 27.75
2(0.110 28.,f0
27.10 ua21.,00
27o]0 20.15
28.30 29.54)
28.71) 20).0(1
28.20 2. 41)

o261.I)0 27.95
25. 10 27. (
2:3,20 27.40
21.40 20. C4)
19. 10 25. (0
18 2 35(
17. 0G 25. 7)
111.801 2,5.61)
I(1 150 215 ,7(
11.00 25.....
1II,95.

Readilug changed ciec-half foot 01 mnorv.
b lce gorge oil gauge,
c Choulgegd less thall one half foot.
d One foot hans, heeu a(ldled to readings from September 11 to Si-ptomb)Iser 21, Incluslve, mid from September

2(1 to 30, 1I nlolusie.
Interpolated--no reading.

1
r)

.7

10
21
22
13

I 1
21.
17,)
23

25)

i28
''9

31)

1.1.6;0
11. 21)
11.20
14. 90
15. 30
1(;. .10
-19. 71)
21.10
21. 9)(
21. 81)
21.20
20. 00
19.31)
lfi. 30O

1 ;. .5011.-,:iO
1560fi
I.1 91)
14. 30

17.('0A)
21.001
21. 90
23. 00
2.1. 60
2.5. fi0
25. 21)
241. 80
2.1. 1()
2.1. 30

July.

241.90
21.20
23.60
22. (A)
22.30
21. 0

20.80
2(0.30
20.21)
211.30
20(.20
2(1. 410)
20.2()
2(0.20
20.[A
21. 1()
21.60
22.10
23.21)
2.1.20
25.10
25.60
25. 0
26. 5)
2 1. 1)

27. *1()
27.(4)
27. 7(0
27. 711

27.

2(1i.

Aug. S'ept.

211.50 156C0
211,00 15.40
25.30 15.30
241.00 116.01N
2:3.165 aIH.P
22,411 (1-1. 7b
21. 70 cIH.1.6
21.20 14.34)
20.80 14.20
20. 54) 11.00
211.1H) 1:3.40
11.80 1:3.00
111. 3 12.50
18.70 12.10
18. () 11.80
18.00 (I 11.60
17. 7) 11.30
17.5)W 11.10
17.2(0 11.(0
17.)10 10.70
17.9(1 111). 0

18. 111.30

M18.0 10.0(1
18. I(o111.00
18. 1(1.2(1

I 8 Ib{ 11W .(
18.711O 111.2i18. 70} 1(). .2(
17. 1) 1(1.811

5. 0,(1 .l). (III co.(( Io 1m))
I .'). )(o ........

ONt,

10.90

10.00
11.10
11.60
12.10
12. 65
13 20

113.'N)
13.00
1:3. 40
13.60
13.86
13.85
MIGO.;
13.20
12.85
12.55
12(. )
11.80
11.40

a 10.0O11160
1(). 10

9.85I1). M4

8. '
!8t.64)

Nov.

8.60o
8.75
8,.76
8.60
8.40
8.30
8.30
8.30
8.30
1.320
8.30
8.30
8.40
8.40
8.5
8.l;0
8.X0'
8.10
9. 60
10.00
10.10

(1 . 71)
9.45
9.45
9.25

19.25
8t. 15

!1.95
111.16

9, 10
11,20

| )ee.

0.80
10.20
10.35
10.20
9.70
0.30
8.75
8.26
7.95
7.50
7.40
7.20
7.10
7.10
7. 10
7.30
7.50
7.80
8.10
8.80
9. 50
10.10
10.C
111,65
12.00
12.60
1; 0
1.11,U)
13. 75
1:3.So
1:13. .1



\WA'ITERWAY, ST''. ,OUiS T(T1 il G11' AN1)'D CICAGO. 217
Tabidated flqatlq )readuins ait scleela/ stati(nsJ bb 'etu a(in of Roks 'l(an airo--Cooni'.

BE E1CuHRIDGEH, I111,.--Couhilleud.

1908.

[Gauge, 1(9.4f5 froui Eads

Day.

I
2

4
5
6
7
8
S
10
11
12
13
1.1
15
16
17
18
1D
20
21
'22
2:3
24
25
26
27
28
29
30
:I1

Janil.

13.70
14. .'0
15. 10
15.80
16. 40
16. 80
17.00
17. 20
17. 10

I W. S).'
161{.0516.20

11). 0016.00
15. 40

-1. 40
14.00
13. 85
14. 00
1-1. 15
15. 10
1.5,25
14. 80,
1-1. (ou
13. 40
12,.40
11.50
10.70
10.00

8 . 50

Feb.

7.90
7. 10
6.80
6. "A0
7.50
0. 50
11.40
12. 10
16. ()
W1. ti()
17, 20)
17.R80
10). 70
21. 20
22. 80
241. r.o
28.101
2SI. rAo
30(o. 80
: 1. 70

32.90
:1:. 1 0
33. 310
:3:3. 3()

3:1.303:1.00
3......

Mar.

32. 70
32:. 10
31I .30
3s0. 5)
29.80
29. b0

2!1. £0

:10. .55
31. (15
:12, :35
:32. 80
33.30
:3. 70
31. 20
34. 20
34, 20)
34. 20
3:3. Cs

:1100
32. 35s

33., 6o
:stz, ()o:10.35

29. 50
20. IN0
29). (01
29. to
2 0..!

1Brl(dge. Ze(ro of gaupg, 289.713 fe'vt abovoi Mepill)IS (latmII 1)plaliv. (miuge
readi at 8 a. uli.]

ApIr.

29. 05
29.5O
28. 70
28. 30
28. 10
28. 30o
28.150
29. :10
:10. 40
31. 50
:32. (11
:13. 65
:4. 20
:4. 30
:31. 00
;s3. .',
:S2. o15
32. 30
31()..80
29). So
29. :90
28. 30
27. 10
26. 70
20. 00
2.5. h0
25. (.0
2.5. .I.5
25. 80

May.

26.90
25.70
25. 40
24.80
24, 85
25.30
26. J0
28.40
29. 40
30. 10
:I . 20
:32.00
32.70
33. 10
33. 20
:1:1. :io
:3:3. (A)
3'4. 30
:34. 70
: 1.1to
341. 7()
:14.00
:33. 40
:12.30

:10,10
21). 10
28. 70
29. 0.
29. 40
29. (

June.

29. SO
:10. 20
ss0.40:10. 5(1

:0I . ()(
:1I. 9I

: 1, 1()
:11. 20

:31. 0
!:1. 1;)

:12, 40
:12, bO
:120.0

331. 10
:33. MO:3:3. to

:12. 1)0
32. CO
:12. W(
:12,30
:12. 0(1:sl.11()0:11I (.1

Jlily.

31I. 10
:10. W
:10. 10
:s(). I(o:M() 10:(9. 10
:10. 20
:10. 10
201.8(0
29.2(0
28. 20
27. 40
27.00
26. 50
26.3:0
25. 80
25.00
241,30
2:. 30
22. 80
22.80
22.90
22. 90
22.60
22.00
21,. A)
21.20
20. 00
20.80
2(0. 0
M. .I(

.u, Sept

_.
Oc No.

,.,,,.....',,, ..............
....... ..... ....... ,,,,,,,,,, ,1,,,,,,....... ..... . . . . . . ... ....... . . . . . . ............

. . .... . . . . . . .. . . .. .

............................. .......
.................. ...................~~~~~~~~~~~~~~~~~~~~~~........ ........ ........ ........ .......

21V\\tA~~~~~~~~~~~~~~~~............ ..1, . .... ..

. . . .. . . ,:,.. . . .

.,....1.,,,,,... ..,,...,'..... ... .......
. . . . . . . . .. .. . . . .. . . . .

1 1 , ....... . ......., .. .... . . .. . . . . . .. I . .. .. .....

!~~~~~~~. .

. . . . . . . . ..

........ ,
....... ........... ..................... ........ ........ .......... .......

. . .... . . . . . . . . .. .. .

. . . . . . . .. . . . .. . .. .

I~~ ~ ~~~...:,,,.1,,,,,,,, ....I... .......
I .......i ........ ...... ........ .......

- . . '........ . .. . . ... . . . .. .I:.,,
... .......... ...

*1I,...I
.. .. . . . .. .. . . . . . .. .. . . . . .. .. . . . . . .. ...
....... ........ .. ...... .. ...... .. . .

NOTE.-ChallgcS Of readinigs referred
live hydrogrnips.

to ii) Ilole+i; 1)lholoill of tables w're mIIUd1P. by iII'anIs of (com)pIIara-

11PENDI x No. 18.

I A8CIAI1E E'suT/r. l ''1AS NMISISSPPIAN M IJI RI RIVERS (R1M1'TONN, ILL., AND sTr.
CHlARLElS, MO(., 'I'( RE1ID1 RIVE'R1 LANDIING(, I,A,, 185,1 TOC 190OX.

[Grotu(iped by stations: lisellarges ehronologlliclly, stations geograp)lleally. Prepared under (lirectioln
of Capt. (O. l.Llkesl ('orps of 1 )0ginuers, 1U. S. A.. recorder of I(oar)l01) milmitionnUtal survey of (110
M ssi~ssippi River.]

List of statliofls.
St. Charles Mo
(Ornfton, Ili,
St. 1,o01i1s, Mo.

Kaskoskia (7hute.
IBarnots.
C'hester, 111.
lolsciton.

h'Itelmes, 111.
ituffallo Islanid.
Nonr Cailro, 111.
Columblius, Ky.

Noew nMadlrid, Mo.
Point. I'lealls t,IMo.
A.shport.
IBll erton.
Ildl1to vn,TI0o (1.

A10IIII)IIIS, Ton(n.l
I1 Isll~oil 1,a1u11dig'.
Ille0i,,V1Irk.
('hicot, Ark,
Arkansas ('Itv, Ark.

Greenville, MIss.
I.otilsllhn B3end.
Wi'lsoll l'ol11t, 1.21,
111ays Landing, Miss.
Vickshurg, Miss.
Warrenton Miss.Waterproof ('ut-off.
Natclhez, AMsis.
lRed River Lianding, la.



WATERWAY, STr. LOUIS TO THE GUIJLF' AM)ANDClHICAGO.

Results of discharge observations, Missouri River.
[Mouth 19 IilOs above Cairo.]

ST. CHARLES, MO.

[Section about (;00 feet above the bridge. Obseryntions under Maj. C. It. Suter. 'q'ua)uatlon, Report Chief
of Engineers, 1887,1). 3083. All gauge rea(dings are referre( to the St. loils ('Ity l)irectrix, whichiIs 433.97
feet al)ove thie Cairo latumi pl)lane. St. Charles 25 miles above mouth.]

Depths. Ma
au -e Area Of

MeaonDate. |rea(f- crossWidthf1 tolopeing. section. Mean. Maxi- Ste poe

1878. Feet. Sq.ft. Feet. Feet. Feet. Feet.
12........... 7.f5 10,900 8.1........ 1,346 3.27

1879.
(.......... 8.2 11,075 8.0 ... 1,381 3.61
8............ 7.8 10,295 7.8 ..... .' 1,357 3. &3
13 ............ 8.7 11,300 8.2 .......I 1,306 4.04
19...5.........(i.6 8,580 6. 1 ......... 1,335 3.00
20 .0........... 3 8,(110 O. G.5....... 1,310 2.79
21..........1 7 0 9,425 7.0 ........ 1,341 3.08
25 ....... j7.3 10,180 7.0 ....... 1,147 3.16
1a.... 11. 8 0,355 7. . . 1,271....... 3.11
6............ 6.4 8,895 7. 0 .....7.0 1,201 2.877........ 0) (1.0,136 7. 2 ... 1,207 2.D90
8...t....... 7 0,235 7,2 .... . 1,274 3.07

12 . . 8.3- 11,620 8.8. 1,316 3.46
13 ............ S. 2 11,460 8.7 ........ 1,313 3.38
15 .......... 9. 3 12,640 9.1 ........ 1,384 3.77
17 .. 9.7 13,840 9).8. 1,4i3 3.78
18.. . . . . . . . . .. 9.7 13,045 U 7 ........ 1,413 3.88
19.. t).0 14,510 10, 2 ........ 1,428 4.20
20 .. 10.1 141,495 10. 0 .1,448 4. 02
21.. 10. 1 141,120 907 ........ 1,452 3.04
21 . . 9.1 13,015 0. 4 .1,385 3. 60
25.. 8. 12,055 9.2 . 1......,3(68 3.5 4
27. ......... 8. *I 11,905 9.0 ........ 1,310 3.3l
.1...... . 7. 9 11,350 8.7 ........ 1,303 3.10
4............ 12.0 16,470 10.4 ........ 1,584 4, -1
S... . I1.8 17,50 11.2 ........ 1,570 4.25
...... 17.0 27,940 14.7 . ....... 0,DOO13.81

12 ........... 18. 3 29,280 16.4 ........ 1,900 7.00
15 ............ 18. 27,820 14. 8 ........ 1,870 6.43
18............ 15.9 20,2.35 16,9 ........ 1,040 5.05
19 ............ 15.1 24,735 1G. O ........ 1,648 4.78
22 ............ 13.5 20,716 13.56 ........ 1,531 4.24
23............ 13.1 19,580 12. 8 ........ 1,520 4.31
25............ 12.6 18,615 12.5. 1 487 4.03
20 .. . . . 12.4 18,225 12.3. 1,486 4.12
209.......... 12. ) 18,104 12. 4 ........ 1,472 3.93
30 .. 11. 17,740 12.1 .1,-170 3. 97
1........... 11. 17,030 11. 0 ........ 1,407 ;3.89
2.?... 11. . . . . . .. ll.8 17,280 12.1 ........ 1,459 3.83-, .I.. 11. 1(1l,205 11.5 .1,412 3.79
... 11. 0 16,1415 11.-1 ........ 1,412 3.85
7.. 11.8 16,285 11.1 ........ 1,470 3..84
8........... 12. 5 18,795 12. ..1..49.. .1.13
............ 12.7 10,325 12. ........ 1,4104 4.112

131........... 12. 9 18,851 12.3 ........1,528 4.51
11. 12.8 1, 100 12.5. 1,527 4.58

.......... 12.8 18,990 12. I ........ 1,628 4.20
1U. 13. 19,010 12.5 6... 1,531 .1.36
17...9........12, 9 19,905 13. 1 ........ 1,528 *1.35
10 ............ 12.7 19 255 12. 9 ........ 1,405 4.39
20.. 12. 10,97f5 11.4.1,401 4.28
21 ............ 12.0 105I 15 11.1 .. ..... 1,9*12 4.36
22 ......*.*.. 12.8 17,121 11. 4 ........ 1,490 4, 38
23. 12.9 17,5.30 11. 5 .1,525 4.49
26 ........... 12.0 10,300 10.9 ........ 1 495 4.55
27 ........ 12. 0 10,i50 10. U ..... 1,.101 1. 40
28.. 12, 8 17,54511.71*1 ........ 1,-lo -1.39
31)..... 13. 3 17,l(10 11. h ...... 1,.33 41.48
1. ...... . 13.5 17,02t) 11.7 .... . 1,635 .1.65
2....... 13.5 18,358 12.0.1530 *1. 60
.1.. 15. 2 21, 10 12. X ....... 1,062 5.27
5.... . 15. 2 20,806 12. ( ........ 1,02 5.22
.......... 15.5 21,644 1:3.1 ........ 1,0567 6.42

7............ 16. 0 22,216 13.3 ........ 1, 6005) 5.49
U............ 1I',5 23,215 13.9 ......... 1,(72 6.61

Discharge
per second,

Cubfefet.
35,060

40,000
36, 370
46,990
25,700
21,000
29,050
32,240
29,100
25,620
27,280
28,340
40,220
38,780
47,230
62,320
52,960
60,900
58, 240
55,680
40,810
-14, 780
39,960
35,220
74, 740
74,680
190,270
204,820
178, 870
132,510
118,150
87, 920
81,350
75,000
75,1-10
71,650
70, -190
00,170
01,7100
02,220
62,580
77,670
79,090
85,110
87,600
70, 770
85, 80
8(1,810
8,000
72,0650
72,060
75,010
78,820
74,220
72, 790
76, 900
78,870
83,420
8-1, 380
111,260
108. 70
117 320
121,990
127,950

Method.

Double float.

Do.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
1)o.
Do.
1)o.
1)o.
Do.
Do.
Do.
I)o.
1)o.
Do,
Do.
Do.
Do.
Do.
Do.
Do.

1)o.
1)o.
1)o.
Do.
D)o.

1)o.
I)o.

1)o.

1)0.lo.
Dbo.

)o.
Ibo.

)o.

1)o.
)o.)o.
1)o.

Do.Vo.

1)o.
D)o.

1)o.
1)o.
1)o.

1)0.

lo.
Do.1)0.

1)o.D~o.

New section (11)0o(t 800 (eMt a)ovO tile bridge.

I)ec.

Feb.

Mar.

Apr.

May

June)(

9.869604064

Table: Results of discharge observations, Missouri River


460406968.9
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Results of cdischarg/e observations, Missouri Rilcr-iContinucd.
S'l'. C('A111 1S, MO.-.Colitintled.

_ate.

1879.
JAne 10............

12............
13............
14............

............

17............
18............
23 (I.. ..
24 ............
25 ............
26 .............
30............

July 1............
3............
5............
7............
8............
9............
10............
11............
12............
14............
15............
lo ............
18............
19............
21 ...........
22............
24 ............
25............
2(3.............
28...........
29 ............
30............
31 ............

Aug. 1............
2............
............

f............
o............
7............
8............
0............
11............
12............
14............
16 .............
18............
ID............
201
2S1 ............22 }............
'2 i............
'21; ............
2S7 ............
28N............
'29.............
0............

ia~t.'............

7.

............8...........

ii ............
10............

!1 ..........
12n............

11.......

13............
15............
10............
17............

rea1-
lu1g.

Fet.
1(3.3
103.3
16. 8
16.0
17.06
17. 4
17. 9
19).8
20,.(
19..0
20. 0
23. 4
23. 2
23. 6
22. 7
21,8
21. 7
21.4
21.0
20. 8
20. 2
18.0
18. 7
18.3
17.3
17. 1
1|1.810). 010.9
17.4
18.0
17.4
10. 7
16. 3
103.2
16. 1
15.0
10..2
103. 1

10.4310. 0
11. 1
15. 5
1.1. 7
14.2
13. 7
13.1)
12. 1
12. 1
11. 9
11.7
1 1. 5
11.3
10. 7

1(1. 3
1(1.2
10. 1
9.n0
9.4
0. 3
9). I1). 1
11.08. 8

8. 7
9. 2
9.0
8,8
8.8
9.1)

Area of
cross

sectIon.

Sq.Jt.
22,516
23,128
23,750
24, 13

2'5, '124
26,198
30 290
31,714
29,752
30, 89)3
35,400i
.11,02-1*1 I: (lH;0
38,385

30,0010
35,00i()
33,0(00
30,790
30, 810
29,970

2(1,220
25, 2(00
25,980
2(1,220
27,3z30
28,370
2(1,170
25,130
21,7)00
23,0470
23,130
23,4170

56,130

25,980

23, 72S0
2)*3,5(i0

2(1,9700

'20,' *120)
19,010
18, 71j0
17, 050j
17,4*10(
17, 207
17,331)
1(1, 74(1(
17, (1:10

15,410

123, 11(0
13, 130
15',7{80
15,5ea00
21,470
1 3,050tt
113,210
123 72(0
20,1i70

20 '1207
1" 7noI8 ,710(

1, O.'1(

17,410

1,3;20
17, 330
1, 370

depths .

Feet.
13. 813.8
14. 1
14.4
l.U.
14. 0
14.8
1l, 0

15.2
15.9
17. .1
10. 2
20. 1
18. 9
18. 2
18.2
18.2
18. 3
18. 2
17. 0
10. 2
1(1.3
10, 0
15. 2
1. 8
1-1.2
1. 6
1-1. 7
15..3
15, 8
1.,0
14. 1
13.9
13. 3
13. 1
13.3
13.3
13, 8
141.3
11.06

13l, 4
12. 1
12. 2

12.3
11,5
1 1.8
It). 711.5

I11.7%

1I1. 7
11.3

I I.

11. 2
11 7
U.1)
11.
11,8

11). (1
10. 2
91. 2
9. 8
10.8
11). (1
9,.71(1.2

10.2'
10. 2
1(). '.3

Max1-
11111111.

7"1Xt. 1

......

........

........

........

........

-- i........ ,1........ !
- - - - - '

..... . '- -1

................ :

........

........

........

........

........

........................

........

........

........

................

................ 1
.. . 'I................ ......... ;

.........
. '........ 1........ f

.,.,....1..... ..... . !

........

. X + * * *1........

.................

........

.........

........

........

.......

........

........

........

........

........

........

........

..,.....
1........

1"'a.t,
1,037
1,070
1, (;81
1,679
1,753
1,743
1, 70.5
1,95.)7
1,982
1,960
1,9'18
2,041
2,015
2,013
2, 031
1,998
1,971
1,99
1, 9(9
I,9fi5
1,920
1,899
1,892
1,879
1,770
1,770
1, 785
1,779
1,78 1
1,788
1,79:3
1, 789
1, 782
1,783
1,775
1,778
1,70
1,772
1,771
1,777
1,778
1,772
1,75t1
1,090o
1. 0(7
1,551
1,525
1, .18(
1,470
I,17:3
1,107
1,1I(1
1, .15,(1
I,'1:37
1,428
1,125
1,422
1,121
1,339
1, 3.35
1, :133'
I,;319
I, '31)
I .30(1

1,299
1,:3(02
I,3:25
1,31(1
1,307
l,:1309
1,31 1

II 'coe-Ity per
me~olidl

lo'Orct.
5.55.39

5.52
5. 57
5.41
5.87
0. 32
(;. (;7
( 0.07(;.01
(1.29*
7. 1l0
7.20
7. ((8
(1. 70
6;.81
(1.09
(1. 2(0
0. 12
5.90O
5. 5 1
5. 10
5. 18
5. 1)9
4.87
.1.00
5.0O
'1. 85
1.87

'1.80
5. 03
5. (9
4.83
.1.64
4.80
.1. 77
-1. fi9;
.1. 598

01.6
'1. 88

5r. (Y2}41.93

1.71
*1. :3.3
*1. 15:3.9
3.5

3.85:s). t67n3.82
3. 07
3. o9

3. 43

:3. 37

:3. II
:1.11
3. 10:1. I

1

3. 18

:1. os
3.17
3.21:3.5I
:i. 10)
:3. 22
3. 10
3.30

per seeond~.I

Cuibicfcd.
125, 110
123; 600
128, 110
133,250-i
1.12,'11()
130, 750
1.3,770
191,520
211,'450
179, 640
191,3(i0
280 ,270
281,890
290,80OO
257,170
247,550
218,2l0
222,90(1
220,4100
212,18(1
187,900
157, 1I0
159a, (330
152,4.40
131,300
18,10(2 1
127,850
123,0120
127,810
131,250
1 12, (i0
133,300
121,190
1 1.1, 900
113, 720
110,330
107,750
109,330
112,230
12.1,210
130,310
110,920
108,370
90,350
90,24 0
81,830
77, 7'10
07:430
06, 780
07, 31:11
18. 780
1,7, 1301
,2,920

50, 2,10
55,017(0

j53>.24t(1
5.1,590
I 5,8 )

-I.1), IA0r(.13, 7801. 1150
:19,22(1

1(), :,10
I 1,5201
i 16, (07(

.12,w0

.12,110(1
! 12, 4130
I ,8-X90

el Now seotlon aoult 1,025 fe.t nabovo t(ho bridg.
Section nabout 801) feel bovet(lihe brldgo.

219

Met hol.

Double floats.
1)o.
)0.
Do.
Do.I)o.
lie.
1)0.
1)o.
Do.
1)0,
1)o.
1)o.
bo.
1)0.
1)0,
1)0.
1)0,
1)0,
1)0.
1)0.
1)o.
1)0,
1)o,

1)o.
1)o.
IDo,

1)o
1)0.
1)0.
IDo,l)o.
1)D,
1)0.
D)O,1)0.

I1)0,1)oIDo,

I1)0,1)o.Do,1)D.
1)o.
D)o.
D~O.1)o.
1)o.
1)0.

I1)0.,lDe.
lb.
IDo,
lDe.1)1),
11)0.
1)0,
D~o.

1)o.
I )o.

lDu.

1)0.
1)0.

D~o.
I1)1),

1 1)0.D~o,

I1)0.

1)o.

1)0,!DIo.
D)o.

1)o.
I 1o.
i 1o.



N'.A'I',RN\\'AY', LOU.IAIJ1S '10'( ''FIE- (GU~iP ANi. 1) C [JICAC0.

Results of dism'lwrqr obser vat, ions, Mlisnsouri Ri' r-- CotinLued.

S1'. (CIA RLES, MIO.-Continued.

Depths.
Gauge Area of

tO. re(d- cross
Ing. section. AMean. MNaxi-

70. FMl. .Sq.Jt. P l. ]'fl.
.......... 8. 9 12,530 9.16
.......... 8.6 12,420 9. 6 .
.......... 8.3 11,770 9.2..
.......... 7.7 11, 160 8.8.
.......... 7.7 10,760 8.5.
.......... 7. 6 10,600 S. 3.
.......... 7.5 10,410 8. 3.
......... I.. 17.4 10,280 8.3.
.......... 7. 3 9,910 8.0 .

.......... 7.1 ),260 7. ...

...... .... 7.1 9,570 7.7 .......

.......... 6.9 . 9,300 7. (6 .......
......... 7.1 9,9-10 8. I .......

.......... 7.3 10,300 8 3 .......
7. 0 10,350 8. It.......
7.1 10,070 8. 6.......

.......... 7. 1 10,730 8. 7 .......

.......... 7.0 10,330 8.*1 .......

...........9.. 10,020 8.2.

...........8 9,910 8.1 ..I.

.... .- 7. 1 10,24I0 9.3.
7.2 10,460 9.*1...7....... 10,()60o 8,5..;;..........

7. 1 1(0340 S. .1.
......0.... 7 10,370 8.-1.

.......... (.. 9,960 S.......
6. 9 9,850 8. 0.

....... 9. t 10, Oo 8. 5.
7.1 10,300 8........
7.3 10,790 8.7 .

J 7.5 10 610 8. 5.
........... 7.4 11,120 8.9.
.......... 7. 0 9,920 8. 1
........... n6.89,500 7.8
9....... 1 1 9,930 *- - ..

'Ifornalun. Mo., gauge.

I)ischargo section Is nl)oit 800 feet below tho Wabash lRailroad bridge. Ovorbank discharge measured
onl tho right banik on Juite 22 and( 23; all otiler overbank (discharges are (dorive(l from these. Ztero of
local gaugo Is 410.69 feet ahovo the Ciliro (Iatum pinoe. The ro(l floats wvero run mainly tit idne-tenthis
d1etth and observed velocities corrected for their actiual immiiersion.)

-I "1'(1t11

Fedl.
1.312

*11,200
1,281
1,271
1,271
1,271
1,248
1,244
1,242
1,239
1,238
1,230
1,232
1,243
1,234

4 1,236
.1 1,235

1, 229
1, 225
1,22.5

.! 1,2361

1,2321,240
1,230
1,232

-1 1,24)7
1,227

1,223
..1,239..I 2312
.!1,229..!1,223 Mean

voloc-
ity' persecollnd.

'Fect.
3.18
3.10
3.07
2. 99
3. 13
3. 05
3.13
3.23
3.09
3.03
3.16
3.06
2.92
2.92
2.89
2.77
2.84
2.77
2.78
2.80
2.93
2.93
3.09
2.95
2.87
2.81
2.97
2.90
3.0tl
3.10
3.16
3.07
3.04
2.84
2.14

D)Ischargo
persecon(d.

Cubicfeet.
39. 890
39 670
30 090
33, 370
33,680
32,340
32,620
33,200
30,590
28,050
30,250
28,690
20, 010
30, 030
29,0O
29,600
30, 4150
28, 5SO
27 820
28,330
29,960
31, 160
32,600
30,490
29,o800
27, 950
29,2 0
31,350
31149033,400
33 640
34,190
30,110
27,010
24,180

Method.

Double floats.
D)o.
Do.
Do.
Do.
Do.
Do.
D)o.
Do.
Do.
Do.
Do.
Do.
I)o.
Do.
Do.
Do.
I)o.
I)o.
1)o.
Do.
I)o.
I)o.
D)o.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
1)o.
Do.
1)o.

G auges. Cross seot lon of (Ilseliargo.

)at e.

June 17..................
1113 ..................
19 aI )II.............
19 1). In1............
20 ..................
21......
22 ..................

23 .............

23. ............
2.1 .................

Stand-
ar(d

gauge.

')'al. t
20. 70

30. 25
30. 32

3t). Ir5
:
I1). 0.5
29., I,
29. 35
29. 10

Change
Loval. inI 21

1(,urs.

Feet.
2. 98
:3. 25
:I. 5,K3
3.10
:1.73
13.78
;3. :3:
2. 73
2.6:3
2. 318

F~eel.
+10. 15
+1. .27
+1 . 30
. ...,.)..-t- . "(
+- . 10
_. . 35
_ 8.6

... 3.2.

I---n

BelowW\ator. (l3°rloss

.S'q. ft. 'q ft.
511,08 5t 57,.S&;'x 3 11 6() ',l18r68,341 59),271
57, 142 57,581
57,491 57,810

583,*112 X8, .1 12

57,802 58, 592
.57, 781 59,626
58,123 111

58,281 60,741

D)ept h1.

Meal.

Pecst.
32. 0

33. 2
:2. 6

32.8
...~.3.. ..

32. 9

32. 9
33. 1

33. 2

Mean Maxi- W'idth.

(IIAt1111l. 1lti.

Feel,. Feel. Feel.
32, 8 49. 0 1, 756
33.7 60 .0 1,75)
32.8 .18.0 j 1,755
33. 0 18.0 1,755

.......

:13. 3

33. 4
31.0
31. 2
31.

......

50.0

).
0O

60. 0
5r0. 0

1,755
1, 755
1, 7f5
1,755

~20

18
Seplt. 18..

19..
20..

23..
-24..
2.5.
26..
27..
29..
30..

Oct. 2..
31.
1..
;.,
7..
8..
9..
0. .

11..
13..
14..
15. .
1 .
17. .
X. .
20..
21..
22..
23..
24..
25). .
27..
28..

Nov . I

Dua

Is.AMr



WVATERWAY, ST. LOUIS TO THIE GULF' AND CHICAGO.

Results of discharge observations, Mfissouri River-Crontinued.

ST. C'H1AIRLES, 'MO.-Continueld.

l)ate.

190S.

Scour
or 1111.

Sq.ft.
June 17.i.

18...±1,782
19 n. III... I- 690
19 P. III... + 229
20.... ..

21... . 4- (132
22 ...... ±!.. 150"O
23 a. ........ 1-I1,()31
23 1).nII ... 4- 615
2.1.... (+00

Menu
veloc-
Ity per
secon(.

Fed.
8.595
9.15
8.5(S
9.441
8.73
8.84
8.52
8.12
8. 211
8.07

DIischarge
per

second.

Ctu.ft.
181,9U39
5:32,313
489,319
512,917
.,01,39
516('119
492,21.0
m1O9, *lt)
.170,971
.170,481

Dis-
charge
over

per
second.

Cu, t.
2, 744
2,92(1
3,117
3, 1;2
3,250
3,285
2,980
2,218
2,170
2,013

'T'otal
discharge
of river
per

secoIld.

oil ft.
481,6,3
535,239
492, 43(6
51(,079
509,289
519,73-1
9195,230
*I71 , (6(S
182, 1l41
.172,521

Method.I

Meter. . .
... (I0.....
...(l0.....
... (lo .....

(a)'Meter. . .
... u(Io....

...(lO.....

... (10.....

7
11
1 1
10
9
12
12
9

1 1
ii

--tl Ro( floats.

[Tho zero of the gauige Is the St. Louis City Direotrix, which Is .133.05 feet above Cairo datiin. 'I'lhe dlatiin
line for compu Iliug (latumi areas of Oct ob)er, 1908, was taken at. 0.78 feet on the gauge. On aecomint of the
change InI the width of the river, the (latuim line for the observations of January, 10()9, was taken at 9.38
feet on the gauge. Price meter No. 22 was used In October, 1008. Price mnelers Nos. 25 and 211 and
I laskell nmetor No. 100, wheel No. 3X, were used it) January, 109V. 'T'llh (ilschargosection Is about XIX)
feet below the Wabash Railroad bridge at St. Charles Mo. Observations of 1903 made under direc-
tion of Capt. (. It. Lukesh, Corps of Engineers, U. S. Army, secretary, Mississippi River Commission.
Observations of 1909 and reductions mna(leo under (llrectlon of lFirst Limet. C. 11. Knightt, Corps of
Engineers, U. S. Army, secretary, Mississippi River Comnumissiont.]

1)ate.

Oct.
198--9.

.10..................
10..................

..................

12..................
12 ..................
13 ..................
14 ..................
15 .................

1991)9
Jan. -1..................

'I ..............I.....
'I .. . . ..........I
,1 ...................
5 ...................

. )....................

(Gauges. Cross section of ilseharge.

Stanid-
ar(l l)cald.

g11ge.1

Feel 11(
9.78 .......
*9. 78 1........
9. ID .......
9. ('0) ........

9 113 ........

D.fi3j ......

0.53 ........
9.51 ...--

9. 3 ........
9.38 ........
1). :u* .....
9.3(1;.....93(.s;I....9.(1

Change
in 2.1
hours.

Feet.
-0. 12
.... ...

-_.09
- .09
........

05

- 02
. . .1)1

........

........i

D)ate.

Oct. 1t.................
to) ................
lIl .................
12 .................
12S .................
l:3 .................
It| .................
I;................
12..

I......I............

I..................

.)..................

.;..................

5II.

Mean I I)is.

Scou Iilr veloeity; chlarge
ozr fill. per Iper

second. S('co(nd.

Sq/ t. uect. (.'u.ft..
....... 11.699 :32,05S

---1:35 2.01;8 :37,208
-595 1,83li 32,491

. ;38 1. 85 29,627

-355 1 .618 29, (Y8
--197 1.718 2'9,1D;;(
11-.1 1.7758 31,392

+F185
*t313
+ 105
-158
- 590

2.0:3
1.91
2. 19

2. 30
2.35
2.07

28, 211
27, 181
31,582
33,3261
33,691
28,171

Method. I st.

Meter ...........
D)ouble iloals.
Meter..........:

........(10
.....(10

...........
Ao.... ...i

..... ......

. . . . . . . .l

..... .do.. . . . .

..... ( 0 ..... .. ..

...........

1)obilo alots.
Motel.............

,9
It)

1O
IM)
10
10

12

12
13
12
11
12

:3:3
.18.-,s
:38
.59
.11

-1:3

it()

26

20

1 .1

1:3
13

1:3

D)ireclion an(1

force of wind.

Calmi.
iDo.

V. Blrlsk.
VIII. Very light.

Brisk.

1)o.
.NI. Light.

1)o.

! )o.
X11. 13risk.
111. Brisk.

1)o.

IW. Brisk.

221

I )ireetion
an(d force of

N'ilnd.

VIII. Light.
X. Light.
XII. Light.

1)o.
I. Brisk.

XI. Light.
Do.

XII. Strong.
III. Light.

Ii

20

22
21
22

_.F

22..... D...I)epth.Anrf

8Sq. ft,
18,871
18,436
17, 694
17, 685
18, 095
17,059
17,129
17,859

13,925
11,110
11, 392
1.1,-1l8
1 1,:310
1:3, 71,0

3a.

Below
lattini.

Sq.Jf.
18,871
18, 136
17,811l
17,879
18, 389
18,031
17,837
18,251

13, 92.5
1-1, 110
1,1123
1-1, 528
11,370
1:3, 780

Mean.

IF'eet.
11.13(

11.30
t). 84

It. 78
11.09
It. 82
10. (W
10.91

9. 13
11.225
9. .1.1

9.151
9. 10

. 0)2

Meall
I1¢tII111.

'ect.
11. 30
1(1.93
10. 91
11, 27

10.93
11.18

9. 13
D.2.;9. 25
9. .s3
9. -12
1u. 01

Maxi-
mum.

"~Cft.
28.0
28,0
21.0
25.51
23.0
21.0
2(1. 0
25.0

18. )
18.0
18. 13
18, i
18. 5
18.t )

NV1(dth.

Feet,
1,032
1,0321,032
1,32
1,G32
1,032

1,06321,0321, 632

1, 52131, I!321, 52131, 5213
1,f52f5
I, 52fi

.. . ., _ _



'222,M l'ANPTEINAY, ST. LOUIS 'TO T'VJE GULF AND CHICAGO.

Results oJfdisc1hargje obser1a tion s, li~ssissipp% I river.
I (1.IiGAF'TON, ILL.

('Tlhe dlischiarges tablIlate(d wero mensulre('( on thle Mississippi River below the mouth of the Illinois River
(elXcepXt 011 foulr (IlIVS ViiCit'i tire! 5j)Q(WlitiV I10tIt(I ). 'Pi'te rogllithr d iseilarge s~ect on was abon 1. 3 miles 1)010W
tie inotith of tho Illinois Rtiver; tho loc-atilon ofsection used frotm Jan. (I to Feb 3 is not givell exactly,
but was apparently bet ween the monbit of (th(e Illilnols anti lhe regular section. Tn nieallarea of two
'ross seellotus witIS se(d for lloat (dischnrges, hence t11o mnXilmilit SOunid(illg is oemittedi except. when meter
was used. 'iThe gaugt lvfalings given were observed by the (diseihargo part 3' and when the river was
frozeui are Porrected for thiektess of lee. 'lThe zero of thie gauge wvas 412.55 feet a)ovo the Cairo datilm
Inanr'. I )Ischmarge of Mislssippil triver Jan, 28, above tio month of the. Illinois Itiver was 20,514 cubic
fetter Sconil. J

(kinige Aren of
read- cross
ing. section.

FW1^s. I Sq/.f
Ii. l) 3t), 275

H1.16 22,.387
II. 5 21, 950
141.5 21,787
1.*.1 20,95l2
13, 8 20, 037
Ii;. 9l 20.,375I:1. 19 20,20:1
13. 9 20, 3i2
13 90 20, t000
1:1. 9 20,"ti 2
13. 8 20, (25
1H1, 1 21, 662
1H1. 1 20, .5(i2
1X. 11,387
19. ,i 142, 375
2)0. .1 13,732
19. 7 413, 0)5
2' . I 13,3:37
+2( I 1126"t32
20.0 412,092
20. 1 '12, 855

2:3.0 17,702
23. 3 .10, 05
23. 7 '9, 237
221.0 50, 250
21.1 O' 910
,2,1. 1 h 1, 572
21. 7 *19, 200
23. 0'3,870
2:3, 3 417, 86.5

:3 1. -1,207
21. 1 r5), 787
".;. 5fi, 5.97
26. :3

",) i,7 569
7'..'s I 0()2.81

27. 5 it1,212
2>S, I Ci,U2 I82'. 7 fi1,9000
'29. 2 6 1, w8
20.5 C,5,825
2it18 67,812
';11., .;, 05(1
2:,1.9 i;3, 2:37
2.,48 63,031
2. 7$ 6;1,162
2(.. I 1j13, 52.5
30. 3 63:, 1157
:0. 29 7,3,00
33. 2 73,121)
:33.,5 73, 81 5
33. 7 73, 921
31. 1) 73, 135
;3 1. 7:3,725,
31f. 2 7i, )MO
:; 1. 2 73, IA-0
3:1. S 72,832
3s1.9$ 11.8,10
:10. fl 1i, 1197
;30.01)1;299,2 1(i'11,"7130(

IDepths.

Ff. . __

. . . . . . . . . . . . .... ..........

S. 1iI1.5
7.!9 11. 9
7.X8 11.8
7.5 11.3
7, 2 1.1.1
7.3, 11.1

7,23 I.3~7.:3 11."

7.2 It. 2
7. 2) It1.
7.'2 11.()
7.t 11.:3

7. 1.
17.8 ........

18.1
18. 91 ..
18,2

18,1
18. .

20,5..20.11210.621X. .......
'21. 3 ........

20.0 .....

21 2 ...

2:1.71.

f21.;1)!

2s2
241,2.2.5. 8.

2(). 2 1.........
21). 8) ... .....

216}7 ..7 .
27.1 1........
2)8,.

-2:3,2 .,....'.
2l1.:()1...,2,* ....

24;. 71

_0.).3 ........D

26. 3.......

26$.S,1........
2R. 7, ........

',. 1 ........

"1;). 1l i........

39.5

:1). II .
2:. ........

:2(1. 7

')X.2j).....

2, 779

2,77192" 7711
2. 7715
9 775
2. 775
2,775
2. 77-5
9 775,
2. 771
2,380)2,771'S 771;
2 380
2 380
2,381)
2, 381
2 ,jS0
2,385
2, 80
21 .385
2, 30
2 .192
2,102
2, 392
2, 302'2, 39)'1

2, .3190
2, 390
", '91
2, '951).

2.3 95
2, 3197'2,:3!17
2,3199

2,410
2. 1.1 l

"2, 11(

2,4111
'2, .1 It;

2, 1 1",4l10)", 116

2, 4I 0{
"2101
', 11

2,4112S 1111
2, 1I11
2,431

Malen
(loe-

itv per
S(eC011(i.

JDischmarge
per

Second ,

I1 (ft (.'ubilfcfd.
1.346I1f, 6;-52

1.39
1.27
1,22.
1,10
1. 25
1. ;:1:
1.331

1. 33
1. '31
1. 31
I1 35
1.315
2. 3-1
2.:30
2. 631
2.38
2,58
2. 88
2.71
2.82
3.22
3. 31
;3.33
3.5I
3.341
3.114.3.31
31,311:3. :Mh

3.32
3. 253.51'
3. 97
:188

:3. 011
3. O9
*1. )2
;3. 00

.1. 3:1
1. 0)2

-1. :38
1. 21
I 11)-1.42)
-1. :3()
1. 11
1. .50
4. ;5O.1.58

1. 417
'1. 241
1. 00
3,91
3. 86;
:1. 7(1
.i. 21
.1. 32
4. 1I5
41.i2

11, (N;
27,035
249,1te11
21,B86
2.;,062
27,0ill
27, 4112
27,520)
241, 6110
241, 882
21,805
27,085
27,805
tM1, 017
97, 637
11,5f8
1(1,110
111,951
122,730
11 ,105
121,0)17
1.11, 612
160), 311
113,293
171, 12111
172,892
17(1, 22:3
17:3, 1417
1117, 701

15.4811
178, 2':1,
2111,556
22), 037
2:33, 025
238,1170
211. 0:13
251,018
2117,85
250,,011
288,1r1n
273,025
2118, 20)1
27(1, 9241
2105,1110
277, 015
280, 105
273, 431
281,3-1
3110,300
137,4180
:325,138
:130,'182

I 1, 132
205,285
21),311i1
281,105
27.1, 013
')87,378
287, 88
207, 87?
254,273

Nov.

J1111.

F"eb

Ma r.

Dat.

ISI.7.......
21.F.

1:.............
It X... . . .

I1;............
17............
1)............

I20 ............
21.;............

25.......
26............
2............
I3............

28............
I............
2............
:............

7............
8............
1) ............
.Io............

12............
x.1.......I..

15............
IZf,............
17 .............
IsI ............
21.............
22 ............
17............
18.........
21............
222............

30 ............
21..........

2.............
6,8 ...... ..

.Z............

.............

it ............

12- ..

19.. .

21.............

11............
1,,,,,........
-1...........

*,..............

28 ............

............

z.3,)

27............
28...
29...........

,.............
............

3;......(i.1.
7.......
Ii.......
1I)..
11*.
10.

A pr,

Method.

odl floats.

oMeter.
Do.
1)o.
D)o.
1)o.
1)o.
1)o,
1)o.

1)o.1)o.
I)o,
1)o.

)olible floats.
I)o.
Do.
Do.
Do.
Do.
1o,
Do.
Do.
1)0.
1)o
1)o.
1)o,
1)o.
1)o,
lo.
D)O,
1)o.
1)0,
i)o,
1)o.
D)o.
I)o.
1)o.
1)0,
1)o.
1)4).
1)o.
i)o.
Do,
1)o.
1)0.
1)0.
1)o.
1)o,
I)o.
D)o.
)o.

1)o.
1)o.
1)o.
1)o,
1)o.
1)o.
)o.1o.
D)o,
I)o,1)O.

It13'

9.869604064

Table: Results of discharge observations, Mississippi River


460406968.9



XVATERWAY, ST. LOUIS TO THE GULF A.ND0 CHIIICAGO.

Rces ults of discharge observations, Mississi)ppi IRi ver--Continuod.

G RA FTO N, IL,.-Conitiniued.

Iate.

1881.
M yt) 13............

11............
16............
17............
18............
20............
2S0............
21............
23............
24 ............
25............
26............
27............
28............

Juno I.......

2.......

:s............
Itle l............

2............
7s............
8 ............
,i............7............

It ............
19............
10............

ll............1.3............
11............

l6 ............
22 ............
17............
18 ...........
22 ..........
23 ........

28 ............
2t'............27............
28............

2...........30............
Ju5ly1............

6............4............

8}............6............
7............

123............
o............11............

12...........

l:3............
11............

l9.F...........20 ............
18............

22 ............
220............

2. ............
222............
27 3............
225............226............
27......
28.......

30.......
Alug. l.......

(lauge
read(-
11ng. S

Fed.
28.8

28.7
28.4

28.4
28. 6
28.8
28.9
28.9

28. 7
28. 6

28 1

28..0
27.11
27.0
25. 6

25.1
2.1. 6

24,.2
23.9
231, 6

23. 2
22.8
22. 7
22. 7
23.0
23, 3
21. 0
21. 1I
21.1,
21.96
25.3:
25.2v6.8(20, 8
27, 1

27. 4

27. 5

27.0
26. 5

26.0
2f.U9
26.0
2(6 3

261.8
2N.A6
26(.0
25.4.1-
21.6
23. 5

21.9
21.1
21. 5

22. 7
23.1
2'1. 3
25.

26. 1
26. 5

27..0
27. 1

27.5
27..0
26..1
21.6
23.1
22.1
21.5
20.0
20.6

,krca of
cross

section.

Sq.J(.1
til, 495
60,650
60,090
61, 775

61, 120
61, 8G5

G0,113571(0

,r),0: i l())
57,216
51, 350
5:3, 700
52, 680

.50, 7135

183 610

17 ,37
17 914:3
18, 156
1t9,25)0
rw, Om0
51~,956;
52, n 13
52, 50
52,635
5:39,17

55,1 )
50,865
58,6555
67,215
57,850
1, 787

51,200
63,175
51, 200
54, 381
51, 750

SI-, 900
531, 126
651700
10,637
16,312

*13 8046
11, 631
*11,332
*1 1787
,15, 80m
18, 137

62, 187
52,012
51 610
550.S35
57,065
57, 030
51, 0

51, 230
.18, 768
15,862
41 218

43,018

Depths.

25. ........

4 ........

25.3 ........

25.0
25.4 ........
25. ........

.25.021.Jt ........
2520 ........

22B. 2 ........

25.1 ........

21. 3

210 ..
21.6 ........

20.1 j......

2.. .........
22. ........

10.9.
21.0

'.?. ........
'21.0 ........

2I.D1 1
21.51....
21 7 ,........

"0.1 1

21.7..........1
2219 2........

22, 9 ........

210. ........

24. 1 ........

23.8 !.........

22.6 ........

22AE ........

2,1, 7 .........22. 3 ........

22.2 .......

22.D6........

21.1 ........
213 ........
20 5)
18.1
1723......3.
17.2..I

18.6 ........

'9'2 0 .........
lo. 9 ........

21.0.

22.35..

21. 1 ........
21'..

22.n7l ......

23?. 9 ...:.....
22. 3 ........

20.2 .......

20D2l........
to.l '........
is. . U ........

18.1.....

17.0 I.......

2... '........

Vid h.

2, 431
2, 128
2, 131
2,128

2,112, 43 1
2,1237

2,127
2,127

2, -1?1!52, 122
2, 43
2, 119
2 l11

2, 119;2116O
2, 116

", 113

02 1192,419
2, .11;

2?,121
2, .122
2, 12'
'2,122S
2, 425

2,427

2, 127
2,131

2,131
2,1 13
2,127
2,127
2,412
2, 127
2, 127
2, 127
2.127
2, 1'72, 127
2,122
2,119
2,4113
2,4.111
2, 110
2,411!
2.119
2,121
2, 1:31
2, 431
2,128
2,127
2,127
2,127
2, 1'27
2,?122
2, 122
2,11:3
2,110
2,107
2,107

ve

1)iselharge
j ly pvte pe

se'Cond. N~Wc0id(.

:3. 89)
:1.03

.1.05

.1. 12

1.223
.108
.91

:3.721
:1. 59
:1,48

:1. 2),
3. 26

2. 85
2.86
2.9 8

:. 10(
;3. 18

3. 18
:1. :o I

3.88

3. 76
3. 82
3.81
3. 691
3. 60
:3.119
3. 51

3. 61

169

61
158

1. 16

:,. 20
:1. 02
3. 05
2.'072 68

2. 91

110
It1~

1I (I

31 811:1. 16

2. 86

2. 70

2 9.1
2. 52

Cubic fed.
239, :356
238, 118
2:31, 7US
211,069
259 ',2282,1 491
250,517
252,620
257, 1i67
251,115
239,597
2:11, 255
221, )50
205,) R58
189, 21:1
175, 112

171,809
168, .120
157, 7:1
152, 521

1:38, 322
r 134,816
1:1, 527
1:w(,
113, 716'
117, 038

I15 18(
165, 738
178, 011-

118(o119
193, 282
215,600
213, 3(o
22:, 383
210,617
213, 697
195,012
180 ,320
188,271
10.5,58)2

2(0(, (126
199,1099
1(1, 512

183, 771
1)15, 301
1.19,885 0

111,251
117, 175

111,310
111,081
3l:(,3:113
111,S2(
151,676

1715, 281

187,9063
2(0), 1)05
208,061
'229,281
2261,4116
21 '),02
2205 '01
162,7:35
139 300
123: 751I
1 14, 135
108,210

C 106,6 36

aT'ls 1is tho6 StiII of (Iisellarges of theOi SSlSSIp )I1 (21,95) andl IlIInos (33,273) rIlvels; 1)o0tI inasred
abovo tho moulth of the 111111,oq 'i'1)i9 also inelud es (Iisehargo(of as elluto l It, Mssissil)pi section.

bSeetionjs above 111011ti1 of Illinois ffivor, ns on May 18; M(Ississiq1ppi River discharge 1241,103, 1111nols
River (Iisehlargo 141,683.

eSe~tions amove mont)) of Illinois l1ivor as on Mtay 18; Mississippi River discharge 100,066 feet. 1111-

uoIs RIver discharge, 5,670 feet.

'223

Method.

Doliblo floats.
1)o.
1)o.
D)o.
1)o.
1)o.
I)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
I)o.
1)o.
1)o.D)o.
1)o.
I)o.
1)o.
D)0.I)o.
1)o.
1)0).
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
)o.
)O.
1)o.
l)o.
1)o.

I)o.
1)o.

1)o.
Do..lHod floalts.
1)o,.
1)o.D)o.
I)o,
1)O.1)o.
1)o.

It 0(1ofloats.I)o.

1)o o.

1)o.D)o.
1)o.

Double1 floa'.s.
1,40d floats.

I)o.
1)O.

! Doliel~ns
1)0.
I)o.
Do,



WATERVWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of (lischa/rge observations, Mlississippi Rti vcr-Continuod.
('A1PPONN, I LL,.-Coitlimicd.

(;allg
rn.'(l-{lug.

Ag. :........ 20.3

4........ 2M.
5............. 19. 7

0............ 19. 3

...... 18.1

... ...... 18.0

It ...17. 7

11...... .i 17.1

1 .... 0.4
i.....,,,.... Il. 3
17... 10. 2

19 .. 10..I O0

20... I. 0

22 1. 0

23 .. . 10. 1

"-1....... Ii. l
2 0ll. 0
21............ 15f.9
27..... 15.9

20.....j 15.8

30.. 15.7
..... 15.

Sept. .... ..... 15.
2........ 15,.5

3..... I6.

. 15.7

7........ 15.8

8..10.....t.0
9...... 10l. 2

10......
10.

12... ...... 17.1

13. 17.3

11 17. 5
1 7.7

17. 18.0
190....... 18. 3

10.17.8

20 18.0

21 18.7

22 18.9

23 . 10.1
2-1............ 10.3
20.. . 19.0
27.20.3
28.......... 20.

29.20. 8
Oct. 1... 22.2

4... .. 25.3

.)Dpth.s.
Aren of
cross I Nidt'1 1I

sectlonl. Nlenti. | Mu:I-s

Sq..f.F__ F .;. ._.
.11,4.21 17.2..1......2,07
10, 725 10. 9........ 22,104
39,825 to. ........12,401

38s,90 103.2 ........ 2 101
30,287 15. 2........ 2,395

;io, W'z
31,831
33, 037

:31,043
11,075

3 I,(137
:31,281
31 475
31,102
31, 850

31,281
39 :11

30, 3188
30, 212

:10,213
:10, 002
20,850
30, 075
:10,300
31,080
31, O2
31, 100

32,175
32,300
31,200
3.1,520
31,931
35, 002

34,050
35,9
30,200
37,087
37,087

:17,900
.38, 100

138,775
39,70
41,681
*11, 406
11,987
17,1511

l, 125

l-l. (i
121. l13.0

l13. 2
13.1
W.
13 12

13. 1

12.9

12. 7

12.7

12.
12, 112. 7

132 0

13.0
13.0
13. 1

13. 4

1ll.
14. 7
14.7

!' (!

15. 1

15.84
16. f

W(. (I
17.-
17.2
17. i

19. O
2.3.:

........ .... S
i t#tw+bl
ljl> .. 1

... _ ....

........

> t........

1- . .

L j........
) ........

i t''''''''
\z....-
t ,,,, ....1i 1 ,.t
;} 1j........
t''-'''''

)11 ....
........
........
,.......
........

.t ........
Is ........

........I} ........
................

I)
2

7 .....

8 ........
O 'sS , '
n ........
3 ......

2 j
fi . . . -7 i
.

2,392
2,392
2,392
2, 392
2391
391

2391
2391
2391
390

3.90

2) 390

2,390
2 390

2,390
2390

2, 390

2,390

2,300

) 390

2,390

'), :190

2,390
2, 390

2,390

2,391

2,392

2,392
2,392
2,39:1
2 393

2'396

2,397
2, 397
2398

2 3992, 393

2,400

2,102

2, *101
2,103
24105
2 110it2,118

224

Fed.
2. .11
2,34
2.34
2.20
1.97
1.97
1.80
1.78
1. C0
1. 00
1.02
1. 039
1. (5
1.035
1. 02

1.011.;01
1. 58
1. -to
1.150
1.561
1.54
1. 53
l.54

1. 58
1. 01
1. (Al
1.08
1.75

1.93
2.02
2.04
2. 1
2 16
2 20
2. 24
2.23
2.35
2. 31
2. 17
2. 62
2. 62
2. 62
2 96
:1. 19

I )I1scIlurgo
Iper

secolidl.

95,477
92,978
85,577
71,540
70,901
c01,910
50,718
.19,7930
19, 732
.19,719
5,3,112S
52,1l
51,500
51, 052
50,(73
52, 180)
50,009
18, 958
15,1,23
-17,201
.15,809U):,147.165,10
.17, 281
.18,10249,975
51,o0
53,958

05,180
01,008
0,9,337
70,05
71,209
70,801
77,717
81,711
841,247
84,028
90, 3414
90,083
98,058
105,171
108,425
109,778
1.10, 4179
19)5, 89(

Method.

Rod floats.
I)o.
1)o.
Do.
I)o.
1)o.
l)o.
Do.
1)0.
I)o.
I)o.
D)o.
Do.

Do.
1)o.
1)o.
1)0.
1)o.
I)o.1)o.
I)o.
1)o.

l)o.
1)o.
1)o.
1)0.
Do.
Do.Do.

1)0.D)o.
1)o.
1)0.
I)o,1O.
1)0.
1)0.
1)0.
Do.

no.
D)o.
Do.
1)o.
I)o,

Date.
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Result.t of discharge observations, Alississippi River-Continued.
ISLAND 621 (G11AFTON).

[237 smiles al)ovo Cairo.]
(Discharge section above month of Illinois Rtiver. Veloelties measured( with I1askell & Price current
meters. Observations and reduction ima(do Iin(ier (dfrection of Capt. WVi. 1B. Ladne, Corps of Engl-
neers, Secretary Mississippi liver Comitnmission. report Chlief of Engineers 1901, supplement, 1). '15.1

Date.

1903.
Nov. 23:

Right bank...
Left bank.....

Total .......

Nov. 24:
RI ht bank...
Let bank.....

Gauge
rea(l-
Ing.

Feet.
7.6
7.6

7. 4
7. 4

Total ..... ........

Depths.
cross Width,

section. Mean. Mlaxi-

1(k)
sq. ft. Feet. Feet. Fet.
1I0.00 9.9 14.6 1,6(17
166. 11.3 17.8 1 ,470

326.00 10.6.......3,087

155.N) 9.6 141.2 1,617
160.00 1().8 16. 6 1,470

316.00 10.2.. 3,087

Meanll
veloeit3

Discharge per second.

per
second . River.

Feet.
1. 75
2.08

1.02

1.70
2.01

1.87

| ank.

Cit. ft. Cu.ft.
28,000 .........
35,000 .........

63, 000 .........

2 ,000 .........
33, 00 .........

fff, 00)0 ... .....

ORAFTON, ILL,
[234 miles above Cairo.]

IThe zero of the Grafton Weather Bureau gaugo, wlhoso readings are ta))ulated, IS 424. 09 feet anove the
Cairo datuim plano. Observations andi reduction uimade tmnuer (direction of Capt. Win. 13. Ladue, Corps
of Engineers, Secretary Mississippi River Commiuission. Veloeities memisulre(d with Hlaskell & Price
meters. Reports Chief of Engineers 1903, supplement, p. 111, annd 1901, 1). 7.]

1903.
Jutne 10...........

11, a. III......
11, p. 111.

Nov. 19..
21.......

Feet.
28.5

28. 7

8.6
8.0

100

1, 19
1,119

461

452

Feet.
33
33.5
32.9
14. 2
13.

Feet.
46. 1

41. 1

46. 2
27. 7
20, 2

Ieet,
3,100
3,1 0)
3,100
3,261)
3,23,0

Feet,
2.80
2.70
2.77
2. 11
2.00

314, (0
t 317,00
311,000
07, 0m
93,000

Cit. Cit. ft.
*81,Z0 v362s, 00
*18,000 'A3(';, 000

.18,000 11359,000....:.... ............... . .........

Metor.
Do.
1)o.
Do.
Do.

a Overbank (discharg measureUd(l 0n 1oth banks.

GRAFTON, ILL.
[WeatherBureau gauge nt Grafton, Ill,; the zero is 1i24n,0q feet above the Cairo datuim. 'Tho (attun line for
computing dattim arens was taken at 3.0 reet on this gig., I)rig the Oetol)er ol)servations lrlce mother
No. 34 was used. In a. in. of JanuIary 1 Price meeter No. 24-3 was u.sed; 1in thle sibseq(luent observations
Price mother No. 243 an(d Tlaskell meter No. 105, wheel Ngo. 1, were ritn situtiltancotisly and the means of
measurenments are tabulated. Observations of 1008 mad(le tinder directionn of Capt. 0.1 , Lukesh, Corps
of Engineers, U. S. Army, secretary Milssissippi Itiver Comnmission, Observations of 1909 and reduc-
tions made under direction of First Ideit. C,. 11. KCnighlt, Corps of Engineers, U. S. Army, secretary
Misslssippi River Comlminsslon.]

IL.INOI.S RIlVn I MILE ABOVV, MOUTII.

Date.

1008.
Oct.14..................

17..................

Date.

1908.
Oot. 14.... .

17..................

Ganges,

Stand-
ar(d

gango,

Feet.
3.8
3.7

IScoulr or
fI ll.

-----

Sy.Jt.

Joenl.
Change11"C

in 24
Itours.

Feet. Feetl..... I lb....:..... .0

Mean

velocity
per

secoll

Feet.
1.023
.813

Cross section of dIlsc

Area.

. Vater. Bellowv mean. Mel
.]a

Sq.fJ. Sq. ft. Feet. Fe

9, 162 ......... .. 12. 12
9,01_ .11. _92.

|I)scbarge
per

second.

9,375
7,3271

Method.

1)tie1)10 floatls......
(1.........

hargo.

Depth.

Rn1111l,

01
02

I_.1

Maxi. Width.

Feet. Feet,........756........ . 7B)6

1)irection and
force of Wid(l.

I. Strong.
CI(t1

H. Doe. 6O, 61*-1---1.*

Total.

Cu. ft,

Meth-
od.

M peter.
Do.

Do.

Do,
Do,

Do.

II

t-1.1j
.0
-:I
W

° I 32
8 223



WATERWAY, ST. IOUIS TO THE GUIF AND OHICAGO.

Results of discharge objervations, Mississippi River--Contirnued.
GRAFTON, IIL.-Contlnued.

MIsiSsIPPI RivEx ABOyE MOUTH OF ILLNOI9 RiVER.

Date.

1908.
Oct. 13: -

Main river...........
Chute No.1.
Chute No.2.

Total..............
Oct. 14:

Main river.........
Chute No.1.
Chute No.2.

- Total..............
Oct. 17:

Main river............
Chute No.1.
Chute No.2.

Total .............I

Date.

1908.
Oct. 13:

Main river...........
Chute No.1.
Chute No.2.

Total..............
Oct. 14:

Main river...........
Chute No.1.
Chute No.2.

Total..............
Oct. 17:

Main river...........
Chute No, 1.
ChutO No,2.

Trotl..............

Gauges.

AreT
Stand- Change
ard Local. in 24

gauge. hours. Water.

Feet. Feet. Feet. Sq.Jt,
3.9 .. .. 0.00 9,770
3.9 ........... 2,021
3. 9 ............5S0.. .1........ 12,371

3.8 ........ - .10 9,351
3.8 ........ - .10 2,021
3.8 ........ - .10 550

................_........ 11,922

3.7 .__ 0.00 9 G43
3.7 ........ 1,971
3. 7 ........ .. . . . 585.3.7...... ........ . I ...... 12,19.. ....1Scou or9

ISCOUr OrI
fill.

Sq. ft.
.........

1-:: ......

Moan
velocity

per
second.

Feet.
3.107
1.497
1.621

.......... . 12.77

I-260 3.152
4. 28 1.6095
4- 5 1,833
-236 I 2.84

I+442 2,01I
- 21 2.502
+ 70 2.00
4-491 2.85

DischargeIDSCI}oU(1IIpEer
second.

C14.ft.
30,3003,025

940

34,326

21 473
3,426
1,008

33,907

28, 643
6,049
1, 170

34,702

Cross section of discharge.

a.

Below
datum.

Sq.ft.
9,770
21021

6S0

12, 371

9,501
2,019

,585

12,135

9,943
2,028
655

12,620

Mean.

Feet.
6.5
7.1
1.67

6.8

6.2
7.1
1.0

! 5.
0.4
6.0
1.0

5.7

Method.

Mother.... 11
(10 .ol- 3

. (lo. -. ... 3

Meter;..10
...... (l . 3

..... .(lO *.... . .. . 3

Mother....l
..(1...lo . --.

......do...

Mean
datum.

Peet.
6.5
7.1
1.07

5.8_1
0.3
7.2
1.7

5.7

6.6
7.1,^
1.8

6.0

62
14
18

68
14
11

10 1 33
3 12
3 8

226

Depth.

Maxi-
mum.

Feet.
24.0

........
2.5

25.0
9.8
2,5

........

24.0
9.8
2.5

.... ....

Width.

Feet.
1,500
285
350

2,135

1,600
285
350

2,135

1,500
285
350

2,135

Direction and
force of wifl(l.

I. Strong.

XI, Light,



WATERWVAY, ST. LOUIS TO THE GULF AND CHICAGIO.

Result of discharge observations, Mfisiss-ippi River-Continued.

GRAFTON, ILL.-Continued.

MississIPPi RIVER BELOW MOUTH OF ILLINOIS RIVER.

Date.

1908.
Oct. 10..................
12.12 ..................

12..................
lt3 ..................

16.
Jan. 4...................

4...................
6..................
6...................

J)ate.

1908.

Oct. 10..................
12..................
12..................
16 ..................

1909.
Jal. 4....................

4....................
s....................
5...................

Gauges.

Stand-
ard

gauge.

Feet,
3.90
3.83
3.83
3.76

3.6
3.48
3.43
3.410

Scour or
fill.

Sq.f.
... .......

+1 960

..........
- 487

+1,408
..........
,..........

Chlango
Local. In 24

hours.

. ......
........

Meall
velocity

per
second.

Feet.
1. 517
1. 607
1.,,51,1
1. 638S

1. 522
1.526
1. 407
1.576

Feet.
-0. 10

.00
(O

- . 10

.:' o
_ __..

Cross section of discharge.

Area.

Wa ter.

Sq.ft.
26,302
27,068
27,0 8
26, 360

27,077
. .........
.......

Discharge
per

second.

Cu.ff.
39,892
40,705
40,986
13, 186

41,214
41,327
38,736l
'1.584

I0elow
datman.

Sq.ft.
26,302
27,:26(227, t2
26,776

28,183

..............

78(;i

Depth.

Mean. |Mean Maxi- Width.Ien datumn. mum. WIdh

Feet.
9.61
9.79
9.79
9.63

9.79
9......4.

.....6..i.

Method.

Motor .............
.... .(10............
Double lloats......
Metor .............

Meter.............
...... . .

.... dO .....

DOubleI floats......

0

16

18

12
13

1II
Hi)
12

11

Feet.
9. 51
9.86
9. 86
9.68

10.19
........

10.0

d

0
0

61
66
615
33

60
....

Feet.
17.6
17.5
17.6
17.5

18.1
........
........6

Direction and
force of wind.

VI. Light.
Do,

X. Strong.

VI. Light.

I, Brisk.

227

Feet.
2,766
2, 766
2,766
2,760

2,766
........

........6

--
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Results of diechurge observations, Aississippi River-Conitinued.
ST. LOUIS, MO.

IN OTY.S.-The gauge readings hreiln tabulated are all referred to tile same zero, that of the United States
Engineer gauge at foot of Market street, St. Louis. All readings after 1873 were taken oil this gauge tile
gauge zero Is the low water of 18013 and Is 400.23 feot ahovo the Cairo tatium plane. For readlaga o the
gauge at discharge section of 1880-81, sco lteport of lhief of lEnginLeers, 1883, pnge 2267. The standard gauge
isabonit4 miles below ti llsoliscrgo section of1iSo.-S1. L.ocatiois of dlsliarge sections and authorities are
as follows: Tho Mississippi Itiver Commission Is authority except otherwise noted. Itestilts of measure-
monts to 1873, inclili'e, are from Roport of Chilef of Enlinigeers, 1873, )nge 472. DischargooJ 1800 was ine"s,
ured by City Engineer 1!oneor at St. Louls th texnotlocation nol statee, Discharges of 1872 and 1873
were measured under directionn of Col, J. l 1npson; in 1872 opposite Carondelet (the southern, part of St.
Louis), and in 1873 below the JoeTerson 13nrraoks; the lbarrcksare about 2 miles below tile southern Ihuits
of thle city of St. Louils. 'h'lo discharge sction of 1R&0-81 was about oe-eolghth uuillo above the reservoirs
of thecity water works in thi northerilpart of St. ouis. '1'lie results of these obseratonts were plished
in toport of(Cilo of lE'nginleers, 1883, nimg 22b7 At thle higher stages of tIle river thoe discharge section
included a sloutgh oni the 11111018 side 0f thle rivr; Mllis slough was lthler foill of dead wator or dry at stagesbelow about 19.6 feet on thle gaugo horeiln taulate.d ,t tile higher stages when tile slough Is (lischarging
Its widIth, ar'a, andi dlsclnargo are Included In tile qanintitles ta uilated(, andI thoemean velocity Is derived
therefrom In tle utisual way by dividing total diselilre by total area. The discharge section of May 20,
1892, was at tile Merchants Brid(lge, about one-half iile lelow tile section of 1880-8l. 'I'he dischargesection
of tile following (lay May 21, 1802, was at tile Plttsburg (like abouti4 mIles below thoe Merchants Bridge.Tlhe discharges of 1s2 arc only app)roximato; results in Rep)or of Chilet of I'nghineers, 1893, page 3082 T'he
northern limit of tilh elty of St. Eomis is about 6 miles below tile mouth of the Missouri Itivor; the citylimits Inoludeo about 19 mIles of river front.)

[ 101 miles above Cairo.]

D)ato.

186.
Aug. 4 .........
Oct. 24...........

1872,
May ....... .

1873.
Mlay 10-17......

1i8o(.b
Oct. 14.. ..

18 ....
19 ... ..

Nov. 2....
3............
............
............

1............
11............
12 ............
13............

Dec. 14........

1881.
"., 12.......

14...
15.....
17 ............
18 ...
10............
20...
21.........
22 ......
24 ............
25.........
20 ............
27 .....
28............
20 ............
3I1 ............

Feb. 1............
2............
3............
4..........
6.........
21.......
22............

rend-
lng.

1.'c.

I'9.7

Area of
cross sec-Itioni.

Sq, feet.

1)epths.

Mean. Afaxl.

"i'eet. .F'et,

WVidth.
Mean
veloc-
ity per
SeCOIlId,

P'(t. keet.
,. . I........,........

20.41.. I........I..---...-I.......I....---

21,8

10.0

0.0
8 8
8f2
8.2
8. 2
8.0!8.2
8.2
8.2
8.2
6,4

8.0
8.4
8.0
8.0
8.0
8 0
8.0
8.6
8. 6
8.4
8.2
8. 1
8. 0
8.0
8.0
7,9
8.0
7.8
7.8
7.0
7.0
10.8
10.0

73,700 1.......I......I- .....

31,800

310,00
*V, 6(N)

30,600

31, 100

31,8000
29,800
31l, (N)0
31,700

3s0,3:003
20,900

22,300
21,100
21,400
21,300
22,000O
22,100
22,100
21,0003
20, 00
10,700
20,000
20,500
20,0003
21, ()
20, 100
20,000
20, 200
20,000
19,700
10,8(K)
209, 7l)
29,000)

23.3

22.3
23. 0
22(16
23, 1
231. 1
21.09
22.7
23, 1
22...

21....
14.8
14.1.I
14 2
14. 1
14.6
14.8
1*1.0
1-1.3
13.9
13. 1
13. 7
13.0
1:¢ 7I13. 7
14. 0
13.4
13.4

13.3

13, 2
... .....

33.0
31.0
29.020.06
20.56
29.6
29.6
29.60
20. 020.0
30.0)30.030. )

2.....

1, 30-I

1,340
"1328
1,349
1,301
1,374
1,3d00

1,3:73

1,260
1,20

1sre
1,^020

1,6r01,600()

Woo1,600

ml~
1, 61)0

1, 600
,roo

1, 500

1,r0

1,500£
1,5008
1,5,6X
1,600{N

1,50
1,50
1,60
1,60
1,50

11, 06

5.00
6. . .

3.36

3. 17
3. 12
. 07

2 09
2. 01)
3. 21

3. 31
3.17
1.71

2.30
".25
2.20
2.21
'J.20
2. 18
2.33
2. 31
2.35
2.30
2.32
2.26
2.20
2. 23
2,21
2. 12
2.46
2.47
2.4-0
2.38
'3. .12
3. 71
.1. (0i

Aiswhargo
Por second,

CObic feet.
211,000
384,,000

a315, 000

300,000

107,000

O0), 000
0r,0 o
91,0w
05, 00
95,o0O
80,000
06, )0
1(02,000
08,0(0
90,000
1,000

62,0(0j
40, 0J0O47,:000
47,000
4d,0 )
40,0X)
51,0o
61,000
49,000
465,000
48,000
40,000
+,, 000
40,000
47,000
40,000
4,000
b, 000
48,000
47, (XX)
47,000

109,0()
117, (NX)

Method,

R0o1lhI(1(10dl)ole
f10la.s

1)o.
D)o.

1)ouble alonts.
1)o.
D)o.
1)o.
1)O
1)o
)o.
)o.

Meter.
1)o.
1)o.
1)O.
1)O.
l)o,
1)0,
I)o.
1)o.
Do.
1)0.
)o.

1)0.
1)o.
1)0.
Do,
1)o,
1)o.
l)o.
D)o.
1)o.

lce cake,.
D)o

b 'I'llo section of 1880 was ait 8t. louIl.s, Mo.o App~roximlate,o
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Re~ruUts of disejiarge observatioma, Mismissippi River-Continued,
ST. LOUIS, MO.-Contnued.

GaugeArea of Depths. Mean
Date. reOa cro ee-oith vic- Dficharge Mthdring.1 toross see- .Width ity per per second.

__ _-~~~~~~in -io, eai M

_- second. _ ~ _

1881. Feet. Sq. feet. Feet, Feet, Feet. Feet. Cubicfeet,
Feb. 26....... 10.9 m3(100 18.1......1,049 4.27 1'28,000 Rod floats.s

260....... 10.4 30,I100 19.2......1, 655 4. 03 120,000 D)O.
Max. 1....... 14.8 29,100........... ....4.73 138,1)00 leeocakes.

2....... 10.0 29,100 .... .......... *1.20 124,000 1)o,
8....... 16.8 49,000................ 4. 02 197,000 Do.
9....... 15.4 49, 000.... ........... 31.9.1 193, 000 DO,
10....... 14.9 49,0a)........4 12 202,000 Do.
12....... 15.4 60,101) 23.0..::.' 2', 175" 4.80 245,000 Rod floats.
14....... 19,4 62, 100 123.,1......2,2128 6.05 :isr,ooo0 Do,
16....... 20, 1 (010,00 ......... 3,135 5.73 349,000 IDo,
17.......21).0 62,6000....... 3,145 0. 10 .387,000 D~o.
241..... .. 21.0 01,800 ........:.31,2,34 6.99 370,000 1)o,
22 . ~~~~21.1 02, 100 ......I 3,218 6.12 1380,000 1)O,

23.......20.0) 05,700.......I... 3,.2:35 6.72 370, 000 1)0,
24......I 20.4 0:1,600X)..........3, '.34 6.70 08,0I00 DO,
26....... 20.0 i00,(0 ..........'i -m3 6.03 300,000 1)0.
20.......21.0 00,100 ......... 3216 6.84 1380,000 1)o,
28.......20. 0 1,000 ....... 3 2,14 6,900 30.,000 1)0,

Apr. 13~.......27.0 8-1,1100 .....0.6:::,I 6.82 480,000 1)0,
14....... 27.4 02,401)I... ..... 269 0.09 024,000 D)O.
16)....... 27.0 80,11)0 ...... 1,290 0.47 657,000 1)0.
16a.......27.8 931,100 ......... 32(0 0.70 023,00 1)0,o
1,8.......27.4 02,600.... .... .1 28(1 0.41 693, 000 1)0,
19.......20,0 00,400 ........ 3,298 6.70 610,000 1)0,
20....... 20.3 84,700 .........3, 277 0.14 619,000 Do.
21...... 20.2 791,6000..... .....3,258 6.24 490,000 1)o.
22....... 20.0 K8, 11)1).......... 3 7 6.06 520,I000 1)o.
23.......27. 4 92,0(10........... 3,2'10 0.24 -574,1000 1)0.
26 ...... 20.2 97,0(X) ......... ;1,2)0m.14 699,000 1)0,
26.......29.8 98,1); ............ 3:,31tI5 (1.15SO 018,000 D)o.
27.......30.2 101, 9001....)..... 3-,6111(.78 711,000 1)0.
28....... 30t, 1 10.",9110I ... . .1 3,208 0.32 609,000 D)0.29.......30 8 I&o-,o ....... .....3, 29(1 ii :8 ooo 000 D)0.
30.......31.1 1015,700 ......... 3,275 0. 37 073,1000 D)0,

May 4....... 33.2 120,000 ......... 3,345 7.41 890,000 D)o,
0.......33.0 122,600........... 3,3417 0.29 770,000 1)0.
9....... 30.0 08,300.......... 1310mI.01 691,000 D)0.

10.......28.4 89,500 ........ .. 100( 6: 115 479,000 iDo,
I1I....... 27.2 806,600 31 1 5.56. 481,000 Do.
12....... 20.6 82,700 '1 )9-7 6.30 4.13,000 D)0,
10 ...... 26.3 70(,5600 .1.....3 2095 6).10 390,00O( )0D.
17. 26.0 78,5~~~~00-1,291 6,13 403,00 1)0

18....... 25Q 78,309 1.........3 202 5. 09 390,000 D)0,
19.......26.0 78,000 1.........I 260 6. 10 402,000 1)0,
20....... 26.0 81,300 1..........: 272 6. 10 419,000 IDo.
21........24.0 81,700 ..........3 272 5,1.1 420,000 1)o.
24....... 24.0a 78,60)0 ...... 3,212 6.18 407,000 1)0.
26....... 25.0 78,500 1.....3201 6. 10 400,000 D)0.
20....... 26.0 79,000 ...... '161 6.31 419,000 1)0.
27.......24.0 77,700 .....3,272 6.0.3 301,000 1)0.
28....... 23.8 74,100 .........3,209 6.08 370,000 1)o.
30.......22.2 07,000 .........3 179 4.82 328,000 IDo.
31....... 21.0 05,6000.... .... 3,163 4.74 311,000 1)O.

,Junel 1........ 21.2 04,400 ...... 3 160 4.88 314,000 1)0,
2.......20.7 05,800 ...... :::3 007 4.00 303,000 1)o.
4....... 21.3 05,700 .........3,118 4.82 317,000 1)0.
0.......21.8 07,100) .........3,184 4.88 329,000 1)o.
7 . 21.0~~~~C2,600 .... .... 3,182 6. 0I 310,00 )o

8.......21.0 04,1300 .........3,107 6.00 326,000 Do.
9.......20.9 03,0 1.... .... 170 4,91 312,000 1)0.
10....... 20.9 02,000 ..........1146 4.80 300,000 Do.
13.......21.8 (10, 600 .....3,197 4.81 320,000 1)0,
14....... 22. 609,10.....0:::: 3,227 6.08 363,000 1)o,
16....... 22.4 07,8(00 ........ 3,209 4.79 324,000 1Do.
16....... 22.3 09,9000 ........ 3,21)5 5. 10 301,000 1)0.
17.......22.6 6600,00.... .... 3,200 6.21 349,000 1)o.
18.......22.8 09,9000 ........ 3,221 4,81 330,000 1)0.
20.......24.6 70,700 ....... 3,2941 6.34 410,000 1)0.
22.......24.6 79,000 3,272 5.60 438,000 DO.
23.......24.6 70,700 3,271 6.35 410,000 Do,
24.......24.4 73,1)00 .....1 272 6.24 388,000 Do.
26.......24.6 71,6500 ......::::3 272 6.24 411,000 DO.
28.......23.7 74,100 .........3,2-14 6.60 407,000 Do.
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Results of discharge observatlions, Mississippi 1River-Couitinued.
ST. LOUIS, MO.-Contlnued.

Date.

1881.
JuIIe 2 9............
July I............

2............
6............
6............
7............
11............
12............
14............
16.
18.
19..........
20............
23............
26............
.28 ...........
30............

Aug. 2...........
4............
6............6............8............
10...........
11..........
12............123............13............

1G............
17...........18... ....... ..
10............
ao............
22............22 ............23............
24 ............
26............20 ............

20............
30............
31............

a1t1............Sept. I............
2............
3............
fil...........
7............7............
0............

12............
14............14 ............

16............
17............
19............
20............
22 ............

Oct. 11.... .

12............
14............
27............
28..........
31......

Nov. 1..:
A...........

"lg. Area ofreaTl- oroms sec-
Inlg. tion.

Fleet.
23.4
2. 0
24.0
24.7
24.2
23..4
10). (
18.2
18.8
20.6
21.0
21.8
22. I
22.4
21.2
18.8
16.6
165.6
14.8
141.4
14,0
13.2
12.8
12.4
12.1
11.8
11.6
1(W.8
10.0
10.4
10.4
10.3
10.2
10.0
0.9
9.0
0.8
0.0
0.6
9,2
0.0
8.9
8.8
8,8
8.0
8.8
8.8
8.8
0.1
9.3
U.S
10.2
10.4
10.8
11.1
11.4
11.6
11.8
20.8
21.0
20.8
26.1
24.8
24.1
24 0
2/. 4

Sq. feet.
72, 00
71,260
73,2110
76,860
72, IIIN)
70,41X)
62, 700
40,064
53,000
i7,600

68Y, ra)
6!,700
00, 7/00
09,0(
04,300
1,700m

.17,6)0
4, 400
43,300
43, 00
43, 200
40,700
.40,400
40,000
390,700
30, 600
37,700
36, '00
34,600
34,000
35,100
34,6(X)
35, 000
35 200Rt, 30(
32,60
32,600
30, 000
31,760
29, 000
30,760
30,200
30 (00
30,400
20,700
20,60
20,200
30,300
30, 3(1
30,:300
30,200
31,600
32, 103
31,800
31,800
32,300
34,00.
34,(00
6', 500
i2, 800
62,760
79, 000
709,00
74,700
72,100
72,000

Depthls.

. _ _l ._x-

leect, Feet.
........ .. .......

........ .. .......

........ .... ..

........ .. .......

, .. . ........

........ .. .............. .. ......

..... ... .. ......

21.2
24.1
23.2

23.2

23.1
2:3.2
23. I

22. 1

21.61
20.8

21.0
21.1
20.8
21.3
21.61
21,0
10.9
10.8

18.8
101.6
18,5
10,1
18,8

19.0
18.0
18.6
18.4
18.2
18.0
18.9
18.0
18.5
1P.5
19.410.4
10.0

18.0
19.0
20.1
20 1

32.0

20.6

46.0

46.0

44.5

65. 6

65.05

65.6

Width.

F.ed(,
3,226
3,228
3,271
3,272
3,200
3,'230
2,127
2, 121
2,108
2,1.13
2,172
2,105
., I (AO
3, 171
'I, (R)73,0HO2,110
2,020
2,0201,:80
1,811
1,700
1,75

1,74s11,73111,7:)4
1, 714
1,705
1,050
1,665U
1, 662

1, 036.1,11'!5
1, 635.1,6)1z.
1, 621
1,0141

.1,00')
1f/j5
1605
1,005
1, 008.1,000).

1,002

1,06021,029

1, 0
1,050

1,683
1,0098
1,005D
1,600
3,013
3,013
3,013
3,305
3,280
3,188
3, 188
3,229

Mean
veloc-
Ity per
socoud.

Fcet.
6.15
6.70
6.46
6.50
6.23
4,80
4. 11
4.403
6.01
4.58
4.70
4.77
6.0
4.88
4.71t4,7s14,38
4,10
4,40
4.08
4.29
3.683,40
3.21

3.56
3.20
3.22
3.31
3.16
3.12
2.07
3.08
3.0).
3.17
2.92
2.02
2.88,
2.91
2.80
2,82
2.81
2.04
2.8V
3.17
3.17
3.05
3.01
3.04
3.76
3,41
3.05
4.01

3.07
3.80
3.81
4.08
4.33
0.64
6.81
5.07

I .826.80
6.82
6.36
7.62

Discharge
per second.

Cubic feet.
376,000
400,000
309,000
430,000
404,(00
08,000
277, 000
216,000
2.50,00
.0i,000
2V1,000
;31 1, 000
314,000
340, 000
314,000
268,000
214, 00
188,000
101,000
17/), 000
185,000
140,W.)
1:17,3:Of
120,(:00
136, 000
140,000
P4, 000
117,00(
114,000
110,000
110,000
103,000
108,000
1011,n00
109,000
05. 0O
05, 000
88, O(O

0:3 00
80,000
86,000
00600O
88,000
04,000
o:s, 000
89,000
01,000
02,000
114,000
104.000
110,000
127,000
121,000
114,000
117,000
123,000
123,000
130,000
147,000
107,000
201,000
307,000
207,000
646,000
463, 000
440,000
468,000
663,000

Method,

Rod floats.

Do.
Do.
Do.
Do.
Do,no.
Do.
I)9.
Do.
1)o.
J)o.
1)o,
1)o,
1)o.
1)o,IDo,1)o.
I)o,
1)o,l)o.1)o.
1)o,
1)o.
D)o,
1)o.

1.)o,Do.IDo.
1)o.
)o,

1)o.
I)o.
1)o.
)o.

1)o,1)O.

I)o.1)o.
1)o.
)o.

1)o.
1)o'
Dlo,Do,
Do.
Do.
nO.

Do.
Meter.

Do,
fl0(1 floats..
Motcr.
lRod float.,

Do,
Do,
Do,

Motor,

Do.
Motor,

D)o,
Do,

D)o.
Do.

Do,
D'o.

1)0.
Do.
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Results of discharge observations, Mississppi River---Continued.

ST. LOUIS, MO.-Conitnued.

Depths. Mean

.nug Area of _______9gDate. read- cross see- Width Ity per DIAoargon Yotod
. tIug, tiori. Mean. M . t ond. r second.ethon.

1892. Feet, Sq. feet. Feet. Feet. Feet, Feed. CW feet.
May 20.. 35, 7 104,000 651.7 78.6 1 901 9,;2 a 1 043,000Mo oeter.

21t.. . 36.2 94,4W0 66. 85.6 1,762 12,15 1,146,000 .1V)oublo floats,

1895. b

Oct. 25............. 3.0 22,000 ...... ,85'5 2.20 48,000

1896. c

1)ee, 160.. 6,5 27,700 ....... , 2,069 2.41 67,000 Rod floats.

17._. 6.0 29,800.80_ . . 2,062 2. 40 72,000 1)_.

VICTOR STREET.

1897.

Sept. 20 ........ 4. 0 32,000 13.8 ........ 2,311 2.12 68,000 Rod floats.

IYSPERANCK STIMET,

Sept.30.... 3.0 28,600 16.5 ........ 1,847 1.98 57,000 Rod floats.

ARS9FNAL, IST.ANJ).

1897.

D)ee. 0............. -0. 1 10,700 13,7 ........ 1,218 1. 45 24,000 Rod floats,

ENOINV:ER D)EPOT.

Nec.23.0...3 33, 300 13. 1 .. 2, 5460 2.88 00,000 l1od floats.

1899.

Jan. 12.4. 1 20,100 10. .. 2,403 2. 76 72, Do.

MERCI[ANT.S JBRIDOIC.

1899.

Aug. ..|....... 13.3 40,400 19.7 2,350 3.83 178,000 Rod floats.

NFAR RnvI:R Dv.: I'mus.5.

18Oct.7,.,.4 216,oOct. 7 .....,......... 4.°0 31,200 20.8 1.1,497 .1. 96 61,000 Ro floats,

a 43,000 oublo feot of tlis was (lisohargod along line of railroad on loft bank aid malily estinatd(l; its area
awld lYdth are not hinelud(l( in this tableo

b Tito section of 1895 was 18 miles bolow the city. Report Chlf of ntigineers, 1890, p. 1761.
c Observations and1 reductioninado under dirooetiol of Maj. 'T. 11. Iaudbury, Corlp of Engilneora, Report

Chlef of Eugin.4ra, 1897, p. 2041. 8elooto was near Sydney street.
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1Results of discharge observations., Mtissis-?pp)i River--Coutinued.
S'r. L'OUIB, MO.-Contlnued.

FooTf oi, ARSENAL STREET.

[Gauge readlngs are those of the U. S. Engineer gauge at Malrket street, St. L~ouls, whose zero 1i 4CM.22 fee
&))ova tlio Cairo datum p)~lbn.J

1)opths. Moan
GM)' Arc'nof v_____ichrgDate. ren'., orossiec-1(NVdh VIt c-1)I,esovond. Mothod.
1119.tion, MnwI second. )rood

1900.a Feet. Sq. feet. Feed Fedt Fed,. Feet. Cubirfeet.
Feb, 6....0. 0 1-1,300 7 4......1,925 2,41 35,000 Rod float.
Mar. 1018.7 05,1)00 25.8......2,5637 4.560 295,000 Do.

14....23.2 77,000 28,8..8....2,0673 6.30 408,000 Do,
23........ 17.0 00,400 23.9......2,5625 4.17 252,000 1)o,
28........ 15. 0 6.1,900 21,0 ......2,510 3.70 208,000 Do.

Apr.3....... 14.3 52,000 21) 8......2, 196 3.60 190,:000 Do,
S....... l.1. 63,'800 21 .5........2, 604 3.068 198,000 Do,
7........ 15.7 67,2001 -.8..... 2,509 3. 82 218,000 Do.
12....... 10.0 50,1500 22A.1 .....2,1522 3.1)0 220,000 D)O.
14........ 18.2 012,900 2.1.8......2,.532 4. 32 271,000 1)O,
17 .1...... ,7 57,I0110 22.8.9..... 2,.5:I 3.00 230,000 1)0,
19......... 3 6:1,600 21,4.4 .....2,5(107 3. 82 205,000 DO.
21........ 15,9 13,300 21, 1......2,5241 3. 88 207,000 D~o,
21.1(.......16,8 60, 100 22.3......2,1533 31. 81 215,000 1)O.
20........ 17. 4 67, 700 22.7......2,5630 4.10 237,000 1)0,
28........ 17.0 50(100 22.4 ......2,5h34 3.815 218,000 1)o,

May 2....... M. 4 53, 100 21.2 ...... 2,500 3. 80 2WV,000 1)0,
4........ 15.7 53,000 21. 0......2,522 3. 91 207,000 1)0.
to0.1.......I69 54,700 2.1.0.....2,520 3. 81 208,000 1)0.
12........ 15.0 62,900 20.8......2,5638 3.76 198,000 1)0.
14........ 10 4 65,300 21.7......2, 5152 3. 83 212,000 D)O.
10........ 14. 7 60,2(00 20 0 ......2,510 3(15 183,000 1)o,
18........ 14. 0 48,200 105.5 .....2,47-1 :111(i 174,000 )0.'
21........ 14, 2 48,200 10.2......2,511 3. 74 180,000 1)0,
23........ 14.1 48,200 10,2.2 .....2,515 3.80s 183,000 1)0,
25........ 13. 0 40,700 1.9.7 ......2,500 3.04 170,000 1)o,
28........ 13. 7 44,300 17 .....8 2,911 3. 40 163, (10 D)0,

J ........1. 131.1 45,200 191.1I.... 2,50.1 3.060 103,000 D)0,
4........ 12. 8 441,00o 17A ..... 2 1011 3,562 168,000 D)o,
0.....1...L9 42,200 17. 0 ....2, 183' 3.38 143,0OM o
11........ 10. 8 40,000 1(6.1,2 '....2,416 3.30 1312,000 D.
13..1......0L 40,100 10.2 .....2 478 3.35 1341,000 D)0,
16.13......Il. 8 '17,300 18.8 .....2 5IO 3.70 177, 000 1)0,
18.11......I.5 40,700 1(1.3 ..... 1949 3. 47 141,000 D)0,
20.......I.12 '10,300 1(1.2 ..... 2-ISO 3.41 138,000 1)o.
22........ 13. 3 415,500 18.1I.... 2, 5 I.1 3,70 172,000t D).
25........ I.1.11 18,000 1,0.0 ... 2, ,22 3. 80 187,000 D)0,
28....... 13( -1 1,600 17.8 .....2 .11 3. 60 103,000 1)0.

July 2........ 11.4 39,800 10. 0 ..... 28(1 3. 43 137,000 D)0,
0.1..... I1.3a 39,900 10.1 ..... 180S 3.38 135,000 1)0,
9.......I 10.7 38,100 15,)....... 1,73 3.33 127,000 D)0.
11........ 10.2 37,400 15.2 ..... 105W" 3.33 125,000 1)0.
13........ 10.56 38,200 15.6 ..... 17.1 3.31 120,000 I)o,
10 .......90.8 30,000 15. 0 .....2,103 3. 22 119,000 1)0.
18.......90.5 37,000 15.2 2....24105 3. 22 121,000 D)0,
20.9.......2 35,700 14..5 .. 2 1541 3.03 110,000 l)o,
'23........ 11. 0 42,000 10.,8 .....2 10.1 3.01951,000 1)O,
25........ 12. 0 44,300 17:'7 .....2 512 3. 03 102,000 1)0,
30........ 12. 0 42,500 17.1......2,103 3. 40 145,000 D)O,

Aug. 1....... 11.3 41,000 10. 4 .....2, 495 3. 30 138,000 1)0,
3....... 10.6 30,200 15.90......2,408 3.17 124,000 Do,
7....... 8. 4 34,500 14.1......2,442 2.95 102,000 I)o,
10...... 7.1 31,000 13,1.1 .....2,433 2.81 00,000 1)o.
21....... 8.9 30,500 14.0......2,450 3. 07 112,00OM )Do
24.9......2 3(000N 15.0......2,407 3.00 111,000 Do,
28 .8.9..30,.00.181.0. . 2,1(12 3.05 112,0001 Do.
31.9......00 3R,.300 15.9. . 2,471 3.00 117,000 1)0.

Sept. 4....... 10.1 40,000) 10,1 I 2,83 3.08 123,000 Do.
7....... .0. 38,5(K) 15.5. . 2,478 3.07 118,000 Do.
12....... 7.3 32, 100 13:.1 ..... 2,444 2.904 94,000 Do,
14....... 0.7 3(1,00 12.11......2,424 2. 79 85,000 D)O.
18....... 0.0 29,000 12.0 .....2,410 2.82 p2,000. Do.
21....... 0.3 29,700 12.3 ..... 2,123 2. 77 812,000 1)0.
26....... 7.0 32, 400 13A.2....2,466 2.90 94,000 Do.
28....... 8.4 34,200 13.0. . 2,452 2.907 101,000 Do.

Oot. 2.1......i. 1 40,800 10.1. . 2,494 3.24 132,000 Do.
6bser1ntloto sE ne(l m0et1on mdo tenderppre.l2oo of

MO¢of Faigiemler, 1901, mpp. 2207-2211,
Capt. Hdw. Burr, Corps of E,11ginoers. Report
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Results of discharge observationsi, 4figs8issippi River--CO timnled1.
S'T. 1,01JIS, MO.-Contintid.

FOOT or ARSENAL HTIMT--Coftlntied.

Gnugo
Date. rNaTd

Ing.

1900. eet.
Oct. ........ 13.3
. 13.2

12.11.4

19,.o10. 1
23. 11.7
26....... 12. 5
30. 12.

Nov. 7. 13.
13.,126
20.11.9
27.11.8
27 ............ ........
27............ ........

28 ..,.......... It.6
28 ...... .

Deo, !
Dec.I.. . 10. 0

.. ........

4....
4........
4...... I........:
4........8.54.8.4. ........
4............ ........

8....
8.
8.. 7.4
8 !

II... ,.,... !.......11 ,!

14...
14 .14...
19 . I 4.8149............ ........

19.
19.1. ........ ........
21.1 4.3
21...

27 ........ 327...I...... 3.8
27. . .....
s ,,,,,!,.......

1901.
JU. 7............

7............
7............
10............
10.
10.

12............
12............
12 ...........
28........
28............
28............

Feb. 16............
16..........
16............

Mar. 2............
2............

2............
Nov. 84 ..........

0.8
........
........Y

2.3

........

........W
4.6

........

........
4.8

........

........i'2.6G

.........

........i
4. 1

........

......I..
3. i

Area of
cross aec-

Lion.

io, 70046,500
41,800
39,300
39,500
42, 300
41, 0:0
44, 00
49, 00)
45,000
43,300
43,000
44 200
44 200
42, 300
4-1,50
44, h50
38,1'm
39, 1;(0
39, 600
31,90031,300
30,300
34, '0
36, 200
36,200
32, 100
33, 600
33, (0)
32,0)
32, 80
32,8(0
31, I0
31,400
31, 1 )
29), ()
20, '4)I
29, 600
28,900
29, -WO
29, .'O0
25,800
27, 500
27, 0W
2.5, '20
26, 700
26, 700
23,90024,800
24,800

18,000
18, 600
I
, tooIS2, 0020, GO

22,000

22,
26,4.00
27,)
27,800
27, 100
29,100
29,100
22,200
23, 300
23,300
26, 00

27, 400
27,400
23,800

Depthm.
Width.

Mean. Maxi-

Feet. Feet. Feet,
18.6 ........ 2,522
18, i........ 2,621
108 ... 2 90

.2,47616.9 . .. 1 2, 47.',
I .5. 9 ........2,478
Ifi.9 ..... '! 'S
17..h.. ,,....2' 1 8
17.I ...... 2,6.20
181,, .... 2,62,3017.9 .... 2,1620
17.3 .... 62608
171.22 .. 26505

. . . . . . . . . ......,

....... ................
2,50

1',7 .... 2,454'.... ... ..... .. .. . .. ..........

14.4.~~2,128
13 .............2,42

....................

614~. ......... ..1

.................
. .. ... . ....

12.1..... 2,3.88

.~~~~~~2

,.... ........

............ ........

10.0 . ~~2,375

...... ..;.. . . .......

1.0 . j2,379

7.8..... 2,323

8..........2...

.. .... ,407

10.8. ...2,392

10.48 .:J 2,2847

Observatlons and reduotlon fromti November 8, 1901, to June 30, 103 inade under dlreati of
MsJ. Thos. L. Cawy, Corp of Enginer. Results furnished In momwsept by Major Casy, Februmy
18, lo".
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Feet.
3.45
3.54
3.27
3. 14
:. I1
3. 37
1. 48
3. 483,49
3.46
3.446
3.39

3.463
3.3363,26
3.19
3. 13
3.20
3. 12
2, 9
3.03
3.02
2.97
3.09
3.01
2.79
2.98
3.04
2.00
3.02
2.99
2.942.904
2.82
2.88
2.83
2.78
2.77
2.792.68
2. 61
2. i
2.48
2. 622.68
2.62
2.60
2. 6o

2.21
2.24
2.17
2.41
2.43
2.38
2.66
2. 61
2.57
2.68
2. 60
2. 49
2.37
2.39
2.63
2.56
2.43
2.40
2.U4

Method.

Rod(lonts.Do.
Do,
I)o,
I)o.
1)o.
1)o.Do.
Do.
1)o,Do.

Meter.1)o.Pod fl oatAt
Meter.

. l)o.Pod noats%
Meter.

1)o.Po0( floats.
Moter.Do.Poi floats.
Meter.

Do.Pod floats.
Motor.

Do.Pod floats.
Mother.

Do.
Re0 floats.
Motor.

Do,
Rod Iloatis.
Meter.

1)o.R0(1 floats.
Motor.

Do.Pod floats.
Motor.

D)o.R1od float.
Motor.

D)o.
Rod flloats.
Meter.

Do.

Rod floats.
Meter,

Do.Ro(1 floats.
Mother.1)o.
Rod floatk.
Meter.

Do.R(1 floats.
Meter.

I)o.Pod floats.Meter.
Do.Pod floats.

Meter.
lDo.

Rod flosts.

Cubic feet.l31,00
137,000
124,000
123,004
143, O00
1b3,000
165,000104,1001 5~, 000
110, (XX)
146, 000

163,i000
142, O0
144, 00
142,000
121,000
126, 00
124,000
M O()00I0,00109,0 0
104,000
112,00110, 000
90,0O100, 0o102,0O93,00099,000
98,00088,000
92,00M
82,086,0(X
84,000
80,000
82,0(0
82,0)00,00
72 00072,062,000
70,000
69,0()
60,000

62,000
62,000

40,00042,000
40,000
60,000
64, W)
62,00
70,000
73,00072,000
70,000
73,000
73,000
53' 00066,000
80,100066,000
66,000
66,000
$7,000
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Results of discharge observations, MJississippi River-Continued.
ST. LOUIS, MO,-Continued.

Foo? or ARSENAL STRECET--Contiflued.

Gauge rea of Depths.GaugeAreaof ~~~~~veloc- DscagDate. read- oross see- Width. fty per Dirsconrg, Method.
Ing. tion. Meanl Maxi- second. rseod

1902. Feet. 8q' feet. Feet. Feet. Feet. Feet. Cubic feet.
Janl. 16....... 1.3 20,600 8.9 ......2,319 2.15 44,000 lRed floats.
July 18,19...... 26.4 78,700 20, 4 41.0 2,677 5. 44 *428,000 Meter.

18,19...... 26. 4 78,600 30.3......2,600 6.43 427,000 Rod floats.

1903.
Apr. 24....... 22.3 67,800 26.0.....2,617 4.065 312,000 1)o,

27....... 20. 3 64,000 25.2 .....2,663 4,8 20000 D)o.
20....... 19.4 61,200 24.2 .....2,535 4.00 24h,000 Do.

May '4....... 17.8 59,000 23.4 .....2,518 3.87 228,000 IDo.
19....... 21.0 70,1100 27.3...... '2,574 4.53 317,000 Do,
20....... 21.2 68,400 20.5.....2,582 4.41 302,000 1)o,
22....... 20.5 07,800 20.4.....2,563 4.33 293,000 Do.
25....... 20.6 66,50A)0 25, 9 .....2,565 4. 32 287,000 1)o.
26....... 22.3 70,600 26.8.....2,627 4. 47 315,000 1)o,
28....... 24.6 70,100 28.0 .....2,720 -.181 300,000 1)o,

June 3....... 31,3 104,500 27.1..... 3,854 5.85 611,000 1)0,
20... . 21. 4 64,000 2,0... 2 ,556 4.564 291,000 lDo,
10....... 20. 9 62,100) 24.4 ..: :2,558 4.665 284,000 Do0.

July 2....... 20,7 115,000 2.4 .....2,659 4. 43 288,000 Do.
C,....... 17. 55,1)700 21. 9 . 2,640 1.11t 229',000 1)0,
8....... 17.0 54,800 21.6 . 21,630 3.903 215,00DW)O.
11.16..9 556,200 21.8.....2,5630 3. 91 2h1,000 Do,
13...16.0 52,900 21, 3 . 2,485 3.83 202,000 D)O.
15....(1.0 51,5600 20, 7 .::::2,484 3.80 201,000 1)0O.
17...18. 3 CA),200 23.90.....21,522 4. 10 240,000 D)o.
20....... 10.4 (12,200 240.1.6....2,529 4.21 202,000 1)O.
22....... 18.9 60,0MO 24.1.....2,620 4.02 246,000 1)O.
24....... 19.2 61,000 24.1.....2,529 4.19 250,000 1)0.
27....... 20,6 00,100 25. 9 .....2,519 4.28 283,000 1)o,
31....... 17. 7 560,600 22.7 .....2,499 3.89 220,000 Do,

Aug. 3....... 1t,. 8 52,500 21.1 .....2,480 3.70 194,000 Do,
5....... 1.1) 48,300 10.5.....2,484 3. 62 175,000 Do,

13....... 17. 2 55,300 22.0.....2,509 4.02 222,000 Do,
18....... 17. 4 57, 000 23.0.....2, 600 4. 09 2315,000 1)o,
19....... 17. 8 G0,400 24 1 .....2,5610 4.12 249,000 Do.
26.1......I6.90 63,600 26.6.....2,487 3.'16 201,000 1)o.
27....... 15t, 1 62,5600 21.1.....2,480 3.70 19.1,600 Do.

Sept. 1....... 18.65 01,900 24.0......2,517 4.07 262,000 1)o,
4....... 20, 3 08,000 20.7..... 2,552 4. 44 302,000 1)o.
9.......I11,8 00,700 24.2 .....2,506 3.90 237,000 1)o.
I1I....... 17. 3 60,400 24.1.....2,503 3. 81 230,000 1)o,
14....... 21.0 72,400 28.2 .....2,569 4.27 309,000 IDo.
15....... 20.90 71,600 27.8 .....2,569 4. 33 309,QO D)o,
18....... 21,0 69,700 26.90.....2,505 4,46 307,000 1)o,

Oct. 13....... 21.8 73,500 28.6.....2,676 4. 31 317,000 D)0.
14....... 21.6 711,000 27.0.....2,673 4. 31 3060,00 1)0,
20....... 18. 3 04, 100 25. 4 .....2,519 3.70 237, 000 1)o.
26....... 10. 3 69,100 23.7 .....2,494 3.686 210,000 1)O.

Nov. 2....... 15. 2 67,600 23.1 .....2,490 3.32 191,000, DO.
3....... 16.0 55,700 22.4 .....2,489 3.41 190,000 Do.
9....... 16.2 67,300 23.0 . 2,492 3. 44 197,000 1)o,

12....... 14. 1 65,800 22. 4 .::::2,487 3.20 178,000 1)0.
20....... 10.3 44,200 18.0.....2,449 2.98 132,000 Do.
23....... 9,4 41,100 16.8 .....2,443 2.85 117,000 1)o,
28....... 0.9 35).000 14. 7 . 2,429 2.09 90,000 Do.

Dwc. 4....... 6. 1 30,000 12. 4 .::::2,411 2. 31 09,000 1)0O.
23....... 2.3 22,100 9.2 .....2,401 2.33 61,000 IDo.
23....... 2.7 22,6000 9.4 .....2,401 2.43 65,000 1)0.

Ma~r. 9....... 10.0 42,800 12.4 . 2,469 3.23 138,000 Do.
29....... 24. 7 81,100 30.6 . 2,003 4.90 398,000 Do,
31....... 26.2 85,400 32.1 .....2,603 4.98 426,000 Do.

Apr. 2...... . 24.5 82,200 30.9 .....2,068 6.08 418,000 Do.
&....... 22 g 77,300 29.6.....2,003 4. 66 352,000 Do.

12....... 23.6 781,600 30 0 . 2,026 4.86 382,000 Do.
16....... 23.5 79,000 30.1 .:::::2,020 4.95 390,000 Do,

a 'PhUi result from observations an(1 re(Ilction made under direction of Seoretary of Mississippi River
Conmmlission Report Chiof of Engineers 1903, sipplomont. vage I11.

b Observations and redluotion made under (direotlon of Maj. rho.. L. Casey, Corpo of Xngineers. Report
011101 of Unginmors, 1904, pages 2136-2137.
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Results of discharg9# observations, Mississippi River--Continuoed.
ST. LOUIS, MO.-Conthiued.

FOOT or AusEsNAL STRRET-Co0athmed.

I)ate.

1904.
May 1(1............

18............
27............

June10 1............
14 .
21 ............
23 ............
29 ............

rlaugoe Area of
read- cro3s sec-
Ilg. tlion.

Feet.
21.8
21. 6
18, 6
23. 7
21.6
2,5. 1
25,0
22, 7

Sq. feet.
67,100
(0,200
71,400
74, 300
76,600
76,800
72,000

Depths.

Mean. Mcxl.

Feet, Feet.
26, 8 ........
20,4 ........
23. 7 ........
27.7 .......
28, ........
28.8 ........
28,9 ........
27.9 ......

(U. S. Engineer gauge at foot of Market street, St. loulis, Mofo Elevation of gauge zero 400.22 feet above
tho Cairo (latrin plane.]

D)ate,

1909.
Janl. 6...................

6...................
0:=._

Date.

1909.

Stand-
ar(d

gauge.

feet.

2. 70-1

Gaulges. Cross scotlon of d(isohargo.

Area. Depth.

Challo_
hours. Vator, 1ielow elcnl, Macll h|axi- N idth

F4'eet. Peet. Sq.ft. Sq.ft. Feet. Feet, Feet. eelt.
2. 80 0.0 27, 083 27,983 16. 3 16.3 186 1, 822
2. 70 .3 27,409 27,081 16. 1 15. 2 18.6 1,821

Moan

Scour velocity
or ill. i)pr

secootid.

Sqft. 1"'cet.

is-

olinrgo
por

second(.

Cis.ft.

Motho(d, .8 ;3'30

.1

.2

a;d*%
._

l)ircetion and
torco of win(l,

Jan. ........ 603,i0 I.hod floats.i1XIT,...h1,

0. -302. 2,20 I02,200 .... (lo,.... 10 X 0o XI, hrlisk.

ObservAtloins and reduction under direction of Col. IV. 11. Jlx)iy, Cori)S of En'lihoors, U. S. Armiy.

2 3 5

Width.

Feet,
2,673
2,514
2,610
2,681
2, 003
2,626
2, (120
2,678

Mean
veloc-
ity per
second.

Feet.
4.80
4.87
4.40
6.28
6.18
6,16
6.10
4.81

Disoharge
per second.

Cubic feet.
330,000
327,000
266, 000
377, 00
385,000
390,000
380,00O
348,000

Method.

R1o(d floats.
i)o.
l)o.
D)o,
1)o.
Do.
D)o,
D)o.
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Results of discharge observations, Afissi.mrippi River-Contintied.
ST. LOUIS, MO.-Continuod.

Areaof Dopths. Mean
Date. re"e cro.s Width, Ity per perswond. Method,

trig. section. Mean,Matscud

1904.a Feet. Sq. feet. Feet, Feet. Feet. Feet, Cublc feet,
July 1....... 21. 2 75,500 2.0,0 .....2,007 6. 10 392,000 Roed float.

6....... 21.6 68,300 26,6......2,669 4. 61 308,000 JDo.
8....... 21.1 64,800 25.3......2,557 4.65 295,000 Do.
18....... 21.4 67,300 20,3.3 .....2,503 4.61 310,000 Do,
21....... 20. 3 01,100 241.0......2,547 4. 43 271,000 D~o,
212....... 19.0 01,000 24.4......2,&14 4,20 204,000 Do,
25....... 17.2 50,4'00 22,4t ..... 2,520 4,11 232,000 1)0,
27....... 10. 5 54,000 22.0......2,601I 4.00 220000 Do,
29....... 14,0 50,000 20.3......2,403 3.83 193,000 Do.

Aug. 1....... 12.9 45,800 18,4......2,482 3. 63 M6,000 1)O.
4.11.....It8 44,000 17.8......2,174 3.30 148,000 1)o.
6....... 11,6 43,000 17.0......2,173 3.39 148,000 1)o,
0....... 10.0 30,100 15,0......2,156 3. 11 121,000 D)O.
10....... 0.6 37,500 15.3 ......2,454 3.07 115,000 1)0.
12....... 84 30,900 15.0......2,453 2. 07 109,000 1)O,
16....... 8.2 37,700 15.4 .....2'155 2.0.1 111,000 D)0,
17...8,4 38,600 15.7 .....2.456 2.08 116,000 1)0,
22...::: 11.2 44,200 17.9 .....2,172 3.35 1481,000 1)0,
24....... 12,' 47,300 10,1 .....2 180 3,44 103,000 1)0,
26....... 121, 48,300 19.4 .....2 187 3,55 171,000 D)o,
29)....... 101) 40,800) 10. 0 .....2,410 3.18 130,000 1)0,
31....... 8.2 37, 100 15.1I.... 2,456 2.06 110,000 1)0,

8ept. 1....... 7,7 30,100 14.7 .....2 453 2.93 100,000 D)o.
0....... 7.7 30,100 141.7 .....2154 2.006 107,000 lDO.
7....... 7.2 32,800 13.4 .. ... 1,64 2.88 94,000 1)O.
10....... 6.8 33,800 13,0 .....2,142 2.83 90,000 1DO,
12....... 0.8 31,700 13.0 ......2,442 2.83 90,000 Do,
20.9.06 30,6000 16.1......2,4160 3.20 129,000 1)0,
21...11.1 43,500 17.6......2,476 3.47 161,000 Do.
24...0.0 i1,000 10.6. . 2,468 3.10 127,000 1)0,
28...10.0 4r6,800 18.5. . 2,475 3.25 140,000 1)O.
20....... 11.0 44,0900 18.2 ......2,475 3. 25 140,000 i)o,

Oct. 3....... 10.6 '14,100 17.8 ......2,470 3.22 142,000 1)0.
7.1...... 8.8 38,200 15.5......2,161 3.00 117,000 Do,

11....... 7.8 3(1,000 14,0. . 2,453 2.05 108,000 D)o,
12....... 7.6 37,090 15,0......2,460 2. 97 110,000 Do,
17.6...... .7 3-1,2CO 14.0......2,445 2. 75 04,000 1)0.
18....... 6.7 3-1,70(1 14.2......2,445 2. 74 05,000O Do,
241....... 7.1 3.1,000 14.2. . 2,461 2.81 90,000 1)0,
20....... 7.7 36,000 15.0. .2,459 '2. 00 107,000 1)0,

Nov. 1....... 0.8 41,800 10.0. .2,478 3.10) 132,000 D)o,
2....... 9. 7 42, 300 17.1. . 2,478 3,12 132,000 D)O.
7....... 8.90 401100( 16.4. . 2,107 2.903 110,000 1)0,

22....... 6.1 33,200 13.6. .2,133 2.74 01,000 Do,
23....... 6.2 33,0900 14.0. . 2,428 2. 68 91,000 1)o,
26....... 5.6 31,1100 13.0. . 2,421 2.70 85,000 1)0.
28.5...... 63 31,100o 12.8 ......2,420 2.57 80,000 1)0,
30.6...... 1 30,100 12.4 ......2,421 2,65 80,000 D)o,

Dec. 5....... 4.3 20,300 12.1 ......2,410 2.58 70,060 1)0,
0....... 4.3 30,000 12.4. . 2,416 2.44 73,000 Dol
8....... 3.8 28,200 11.7. . 21,416 2. 45 69,000 1)O.

9-10....... 3.0 28,10 11()i.6......2,410 2.40 60,000 1)0,
20....... 0.5 21,200) 8.0......2,376 2.02 43,000 1)0,
21....... 0.4 211,000 8.8......2,372 2. 03 42,1 000 1)0,
22....... 0.2 20,300 8.6......2,372 1.93 39,000 Do,

1905.
Jan. 3........ 1.5 23,300 9,7..... 2,399 2.,11 64,00) Do.

a Observations an(1 roelution made under directionn of Muij. Thees. Is. Casey, Corps of Engineers. Tabu-
latUou In manuscript receivedI fromt Major CVosoy, A pril 20, 1905,
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Result of discharge observations, Mississippi Rivcr-Continued.
FERRY IN KASKASKIA CHU'rE.

(125 miles above Cairo.]
(U. S. Engineer gauge at foot of Market street, St. ,ouils, Mo., whose zero Is 400.22 feet al)ovo the Cairo

(ltlitle plano.]

GaugeArea of Depthis. Mean
-- ate. read- cross WVidth. ty peor pisersfiog Method.

Ing. section, Mfean. Maxi. it proerSOdol

1897.a Feet. Sq. feet. Feet. Fett. Feet. Feet. Cubic feJt.
Nov. 21 ............ 3.5 22, 200 l15.8. 1,398 2.63 50l,000 Rod floats,

21......... 3.5 21,0W0 15.1 .1,.'..',398 2.55 5m,000 l )o.

NEAR BIARNNE,'IPS.
[120 niles alove Calro.3

(U. S. Engineer gauge mt foot of Mnrket street, St. Lotils, Mfo., whose zero Is 100.22 feet ahove the Cairo
datulml-1 plane.]

1897.'
Nov. 20... | 3.6 20,90 15. 1,398 2.61 64,000 Rod floats,

CIIE'S'1'ER, ILL.X
[116.6 miles above Cairo,)

(U. 8. Engilner gauge at foot of Market street, St. louis, Mo,, whose tore is 400.22 feet above the Cairo
(latun) l)laflo.)

1808.a
D)oo. 7. 2. 9 33,200 17, . ........ 1,90 1.82 61,000 Hod floats.

1800..
I)eo. 7. 4.8 35,000 17.3 ........ 2,020 2.16 76,000 Do,

1003.b
June8 9.....'.37. 6 107,700 39.9 ........ 2,70) 7.70 820,000 D)o.
10. 3.0 111 (100c 42.6 ........ 2, 700 7.70 885,000()o,
II. .. 38.0 1 1(,'000 43.0 ........ 2,700 7.76 9w00,) Do.
13........ 115,000I 1'O2.8 .... 2,700 7. 37 00,0 1)Do
18.3.0. 9 100, 100 37.2 ........2 ,097 6.26 028, 000 Do.
1001,h

April 20 ... 3. G 103,000 38.1 ........ 2,704 7.47 709,000 D~o.
30, a, in.. 33. 1 03 (O58.1 ........i2,70nn 7. 62 771, 000 )o.
30, p. In 3. .33. 102,00 37.7 ........ 2, 7(X) 7. b3 7(38,00()o.

May 2, n. In.., 32.-8 101,800 37 6 ........ 2,705 7,00 713,000 1,o.
2, . T... 32. 7 10(1,700 37. ........2.,705 0.08 710, 000 1)o.
3, a. in . 2. 3 103,3(X) 38. 2 .2,70G1 08 690,000 1,o.
3,1)p in.. 322 0919,700 :1( 0. . 2,70.1 0.03 001,000 1O.
4......... 31.41 100,200 37.1 ........ 2,703 0.58 609,000 1)o.
.... . 30.2 99, 600 31) 0.9.. . 2, 700 0. 05 02, 00(0 Do,

6...28.0 03, 34.03, 7...... 2,(i76 8561, 17,000 1)0,
.. 27. 6 91,100 33,8. 2,093 6.80 529,000 Do,
0.. 20.6 84,200 31 3 ........ 2,(1 6.44 458,000 1)o.

July 12.. 28.4 91,000 31,0 ........ 2,701 ,631 616,000 1)0,
13, a. In . 28.3 94,400 31 9 ....... 2,701 6.44 613,000 1)o.
13, p.n.. 28.2 01,200 34, ........ 2,702 6,03 63 0,0)00 1)o.
14.. 27. 2 03,800 34. 7 ...... 2,701 6.38 501,000 I)o.
1.. 25.8 91,500 33.9 ....... 2,702 6. 19 476,(000 1)o.

1IOI,BCIIEN LANDING,
[94 miles abc vo Cairo,]

(U. 8, Enginwer gauge at foot of Markot street, St, L.ouls, Mo,, whose *oro Is 400.22 feet aWove the Cairo
datt in plane.]

1899.
Oot. 21....... 3.4 29600 18,6........ 1,64 1.98 68,000 Ho(l floats.

a Observations 0n(1 redciotlon of 1807- 1899 vere niadlo under (lireetion of Cal)t.E(wiardl 1urr, Corlp of
Engineers. Iteport Chlief of Engineers, 1001, p. 2207.

b Observatlons and reduction of 1003-4 11a1do utlnder directionn of Iln. hllos, 1,. (Casey, Corps of engineers.
Rwults, 1903, furnialiod In inanuweript 1Febrnary 10, 190, ''abulatlom, 1904, In report (Cief of Elngineers,
190, p. 2137.

9.869604064

Table: Results of discharge observations, Mississippi River--Continued
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238 WATERWAY, ST. LOUIS TO TH]Pl GULF AND CHICJAGO.

Result ts of discharge observations, Mississippi River-Conltinued.
THEBES, ILL.

144.5 miles above Cairo.)
(The discharge section Is about center of street Immediately below Chicago and E'astern Illinois Railroad

depot. It Is about 9 miles below Capo lirardeai m, Alo. 'Tho overhank discharge was measured on right
bank- along railroad, parallel to river, about 21 nilles below Cape Girardeaui. Velocities measured with
Hlaskell ineter and(loii'ho floats. MI. It. C. gatige at Cape Girardeau, whose zero Is 324.97 feet ahove the
Cairo latuim plane. Observations aind reduction ma(lo iunider directionn of Capt. Win. 13. Ladue, Corps
of Engineers, scerotary of Mississippi River Commission. Tabulation in Report Chilef of EIngineers, 1903,
upl)l)ement, 1). 112, and 1906, p. 116.1

Gauge
Dnte. readl-

1lg.

Feet.
31.83
33. 73
34 .43
:34. 93

35. 23
35. 4;3
.15. 83

35. 08
36. 1:
36.33
36. 43

33. 0
331. 8
3 1. 1
34. 0
33}. 9
3:3. 4
32.9
32. 0

Area of
cross sec-

tion.

,9q Jt.
98,000

1012,600
1(4,800

b I0.5,200

b 10),200
106,700

b I 0.5700

10),700
CM10600
I 0) 600

99,600
1(10,o
141, 700
101,900
10W,800
103,300
101n,.00
100,10O

Depths.

Mean. anxl-

Feet. Feet.
37.9 49.,8
39.7 52.4
40.6 62. 9
40.7 .......

WVidth.

Feel.
2,M86

2,686
.......

40.7.
'10.9 62.4 2,68
'10.0.
10.9
.10.9
40.18
40,8

38. 3
3911
40.3
40. 3
10. 7
39. 7
39.0
38. 6

.......62.8

52.2
61.65
.52. 6
62. 9
64. 1
63. 4
65. 2
61. 8

2,600
2,000
2,600
2,600
2,600
2,600
2,600
2,60)

Mean
veloc-
ity, per
second.

F'eet.7.0
7.31
7,91
8. 17

8.40
8.40
8. 18

8.66
8. 60
9.417
0. 42

7,124
7.62
7. 659
7. 36
7. 43
7.29
6.78
6,36

DIselharge p01r seOII(l.

River.

Ci, ft.
691,o00
750,000
831,,00
860,000
881,0000
898,000(
865,000
905,000

1,000),000
995,000

721 ,000
771,00.
772,000
786,000A
7r3, )0

6,38,000

Bank. Total.

Cus.ft. ().fl.
I10ON 761,

Q4,000 &35,000
'7,000 867,000

,0o(0 591,000
9,000 907,000

n11,000 876,000

nll,000 916,000
"12,0) 921,000
14,000 1 ,014,000
14,000 1,009000

I...............
...........

a All overlank discharges v-..re (le(luce(l
b Interpolated.
c Uised arena of Jun11e 16.

froum observations iuaide on Jhino 15.

''lihe (Ilsehargo section is at street Immiolately above Chilengo anil Estern Ilinoili Railroad depot, It Is
aloet 9 uniles below Cape Girardeanu, Mo. Velocitles uuealsuredl wvith irlce meters Nos. 22 an(l 43 annd
(lotile floats.nM. It. C. ilgae at C(apoe (lirardenij, Mo., wNhose zero iY :124,97 feet above tho Cairo (lultuml
p)lano. Observat ions anl rei uetioln.s inao under direction of ('apt, (1. I.1likessh, C'orps of aiuglnepes,
swerotatv of Mississippi Rliver Coimilssion. Zero of local gatuige t dlischiargo section is 336.88 feet above
tho Calro (laltlin piano.]

Date.

Juno 6, a. III.......
7. ....... .......

7.B8
Illll; n. l............

;, a. 1............7...............8,npil............
9, . 111............
9, ). 111............

.......1............
n..................
Il..................

0.

I6, a. In........;..................
Il..................

lfi. n.................
21., p. i.......

20, 1). ......u.
21.1..................
2')..................

21 .... ..............24, . 111............
2,1 ,........
22!..........

Staand-
ar(d

gaulge.

lPeet.
30. 10

31). 20
30. 20

30. 30

.30, 20.10. 34)
30. 90
31.30

I31.),(

33. to33'. $0(
311, -8
34. 10
34. 10
33.90

(1liaigos.

C'hiango
Iocal. III 24

hours.

Feet.

13. 65

13. 65)
13.8113.

0113.
6113.
6913. 69

W;. ('19
13. 70
13. 74
13.81
1 4 (X)
14.35
14.0
14. (05'
I f. ()O
I 60W
16I.95
WII. 30

10, 05

10. 017
It6. 83
10. 91
10. 98

16. 92

Feet.

.00

.0 IiL3142
.01

*1. . 04
.1. .0'?+ .07
+ 19
+ . 35

. 25
.:........+ 40

.1 . 35o'1 .65l1 45i
'I. 3 6,

.1.,. 18

.1+ .11

+ . 04
00

Cross section of discharge.

Aroa. I Depth.

Wator.

b'v. feet.
03,100

... .......92, 130
89, 980

..........

88,385
mi, 60
87,202
87,976
89, W0

.... ......

91, 4.3
92,731)
93,370
95,210
04,046
0, O6i h,

9,5,442
90,292

Ilelow
Iatlmni.

91, 6572

96,784
100,32.91
91, 38o)

Oil I W
.. ..........

1i$00,

95,711

05,943I
, ... .... ...no,641s

96;,292'

Mean.

Feet.
37. 7

.......
37. 3

30s.4
37. 436.04........V

36., 836.7

36.3

35. I
36.4
26. 4

........6
37.0
37.
37.8

38, 6

38. 4

38. 7

35:+.6
39.0

. . ...

Mean
(latuiIma.

Feet.
41. 1

.... e6 ~..

40.7
39.8
40.7
38. 3
39.0

314. 2
38.858..

39.0
39.1)
38.8
3i9. 'A
38. 7

3.9.80~..I......I8. 7
39,.0

Maxl-
IFIIIIIII.

Yeel.
I rkzo

51. 0.......6

1..... ...

48.0
48.0
.19. 6

48.01...0....

I4. 0

49.0

48. 6I...iA....

49.0
49.0

1903.
June 6 ......

8.
9.

13......

10, a. in.

10, p). in1.
11 ......
12, a. i11.
12,p. inl.

13.
A 123......

I3t ......

May I.....
2......
3.

6.
6....

Method.

Meter.
1)o.
1)o.

1) o it 1 I e
floats.

Moter.
1)o.

D o ,,1u I o
floats,

Meter.
1)o
Do.
D)O.

I)o.
D o.
lDo.
1)o.
1)o.
1)o.
I)o.
1)o.

WI (It II.
Feet,
2,470

I........Ili2, 470
5', 4,().11

I........~2, 471)

2,470

2,-170
2,471)
2, 470. 'S. ;76

2, 470
2,470)
2, 470
2, 47)

2, 470
2,470

- -

I



WATERWAY, ST. LOUIS TO THIE GULF ANY) CHICAGO.

Results of discharge observations, Missmssippi River-Contimied.
THEBES, III,.-Continued.

D)ate.

Jllo 6, a. ill............
6, p. in ............
7..................
8, a. in............
8, p. in............
9, a. Ill..........
0, p. in.

12....
13...................:................ .

15, .,n..
15, P. in........

16......
17..................
i18.................
19.................
20, a. m...........

20, 1). Irl...........
21.................
22.................
23 .................
24................. .

Scotir
or flil.

Sq. feet.
,I.........

.........i- 1,118
---2, 1.50

.11........-I 2, 1I)5

.........

.1, 112l~
+ 3:1 1
... Pt.)93
* 1, 212
-_ 182
-'-1,3i13

..........i

-I. 5.1.1
+ 5f
- 172

-- 1, U9

.I. 751

+ 75 I

Mean
Velocity

por
second.

Feet,
6.74
6. 38
7.32
7.37
7. 77
7. 159
7, 69
7.74
7. (i7
7. 59)
7. 89
7. (i7'
7. 49
7.85

7.40
7.75
8.10
8.55
8.93

8.48
a1.33
8,96
8.36

Dis-
chargo lfMethod. |-

soeond.

Ott feet.
627,2(19 D)oubio floats . 13
593:,55-1.. (10.10
671,739 Motor . 15
662,773 . ..1o........,, 1.4
699, 33:3 ... (10 , 15
700,4I6U...13o, . l.,
710, 106...(tO 15
680,102...13(I . .

I

(178, 19. do. .1
t6i^,8 2 . do............ 13
OM8,8i18...5(l .... 15
i71,801X . . (10 . .......... 14

673, :390 D)otuilo floats. 13
705,190 Motor n0fl (1o0lil)0 13

floats,
C52, 478 Douuleo lloat. 12
718,451 .....do ,,, 13
757, 0:30. ,,(lO., .* I*l
813,982 Meter............. I1
817, 791 Mlotor and (doub1)le 12

loalts.
805,11 1)ouble floats ... . 11
701),3.I ..... (lo ............ 12
829, 1527....(t . 11
805,437 ..(1o ............13
.. ..... ....

.. ..

. ...
....

.
. .

lUT FVA IA) 1S1..\ NI).

[30() IlrN lii ovv1' ('uItro.

i :;.S Ei linel bulgo tit foot of MI arlivt street, St. I.oulls, MIoa. wh1'iso e.ero is 10)."22 feet llovoth C'atmro
dtI t phimu sr.I)sxerv-(ltions old Ireut loueon ioleIt ml I!r i t r(et loio of ('apt. 11(Iv. Itirr. I( 'orps of Ei-igl-
mwers. Ioi )trt I' hivf of 'itgItmoe-rqs, 101 , I) 1'go 220 't. I

D)ate.

1899.
Oct. 12.............

13.............

(Jnllgon
re tiI

.n ..

it'eet,
3.0
3. A

Arean of s| an
cross ~~~~Widthm. vboiO)(ty

se4~tion. tean, ~IAnte I- ller

Sq. feet. Feet. Feet. Feet. Feet.
25,,200 19.0 I.13:1'2 2. 41
25,600 19. 4.,:1.. J 2. It

1D)ishargo
por fAt hod.

second.

Cable ftet,
61t,060 Ilto floats.
02,000 IDo,

Results of dischargc observations, Afis.issip)pi and Ohio rivers.
(C'AIit O, I1,1,.

(Cot, If. to. Abbot Is auithority for tlshargo of 1.58, whlol Is Given for below tho mouth of tho Ohlo River,
seo Itoport (Cllof of 1Ing~neors,169, 1). 3:19. '1'l stago Is Ilern assimilcl to h)e uiaxilmoumi for that (ear.
'I'im 1891 lscIharlos aro prillted nl It o )ort ('1l1of of iEngiweors, 1892, ). 3127; (ho ineas lroemolits wero

na(lo alove tioe 1nt11th of tho OholiL) River, anlld their soln rvprescits tIe (!tiselargo of thn NIislsis;lSppiIltiver loioW the mouth of the 0lflo. .All tho gau)go roaming's wore t:1}ol at('ailro 1iaol aro referied to tIho
pro.a,uL t;Uniteod Sttes onr1iuicer j1'AU1o there, wlhoso zoro Is 290.81 et ahovo the Cairo (dot oiil p1il)0,
survey Mississlpi itivor.

D)ate.

I (I NV ...........

1891.
Nov, IIq........

I I b.......
I I .....

d"O lo Itiver.

Gwipl Areao~vof iltl, X 1\1t 0,1{(<l tyroam . c01ross ;Mal Width. per
.gn. seoto. Mean.

eet,. RSq. fet. Felt. Feet, Fiet. Feet.
49.6 .................. .... ...........

2.9 68, -100 '27 6 30. 8 2,122 0. 7'.'
2.9 8, b00 10.6 14. 3 806 6.1 I
2.0 0,70) 7.8 1., 8 950 4. 213

NIssis.Ippi Itiver, Caliro or left chiuteo. d is4.sisippi

1)iseharge
poar

sceonl,.
Cublc feett,
I,A20,000

Motho(l.

12,000I)uOMD 1ib1loat,
11, 000 D)o.

. I9, (x) IDo.

1111000

Liver, Misisoutri or right ehm

239

a
' 0,)

28
..

36

36

.13
43
30
30

33
30
412
38
40

.11

*4(

31)

D)irectlon an(1
forco of witid.

VI. Light.
V. Brisk.

IDo.
VI. Strong.
VI1r. Strong.
Ix. Light.

'. I Ight.
Calllil.
Vl. 3rlsk.
VI. Strong.
XI. Light.
X. Brisk,

III. Light.
IV, lIght,
Vl. Strong.
V 1I. Eight.
VII. Light.

1)o,
VI. Light,
VII, Light.

to,

l---- j i

I

. .

.

9.869604064

Table: Results of discharge observations, Mississippi and Ohio River
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240 WAT.'rE AY, S,'. 1.01T1 'I 0'1iTHE1 (GIJUL~' AND OTTICAGO.

Res.dlts of (ischarge obser vat ions, Jfissiiiippi River-Contin ued.

COL.UJMI1US, KY.

[The dIscharg"s of 1891 to 1893 cr'erea ll inea'iir'od at thie sautejilace, oxexejt that tl Afissoiri end of scotton
was moved upstream about (i) feet III 1893. ''lik 1l(m4llon Is about 3o4)o feet above the railroad frolght
depot In ('oluinilbls, and ablot 23(2)( feet below the sect ion of ISI S2. 'Tihe 1891 sorles Is printed in
Report of Cilof of Engineers, 1S92, pag;e 127; tile 192 series il Report of ('lile of Engincers, 18i'3, page
3S2'..'1The 1893 sorles will appear itn report of Chief of. Engineers for 1891. 'I'The gauge rea(lilngs given aro
all Ias observed onl the l ontlintilgauge 1 the uiis'lhargo parties. 'The zero of this gauge to 1890 was 287.14
feet above the Calro datilli ulpillo. I 'Noveinmbr, 1892, tihe low-water sctlon wavs found to bo at this
elovatiou, biut the 11p)p)or sectionIs were. feot. above tho ('alro dttiltta (1 the low-water section was
elihTnged to agree wilbh hot upper onvs: tho gaugeo Ituis beent tnitItalino(i at tie saino elevation sInce 1892.
Byv p)ree'soIlevel comiiietilif wtlil.11. It. M. 10 Ii;May, I891, tho gauge zoro was found to 1)0 286.85 feet
above the ('alro (latiul laino. Fsroam 1857 to 1882, Inclutisive the gauges of the dischargeo )artlem wore at
(ilffiroent eletvallons, aw Ii) red teileI bnt1111 t theplresout Nt. it. C. gaige tit lolitiont, whose zoro Is 2841,85
(fet above the a(liro (tliltm ulne cv'rections were applied to original readings of gaiges als follows: Ir.and
A.'s gaugo, 18.7-58,. 2 feet tave been aul(del; ia ijor Stiler's gnuge, 1879, 0.u.5 feet havo beoll subtracted'
If. It. C. gauge, 1881 82, 57.7 feet have ho'nubtSt h ract'eod. No corrt'tl on i uiS b)e)enl applied to 1891 -92 series.

Date.

1857.'
IDee. 1 .D , It.. .........1.2...........

Ifi............
16 ............

1.58. 4
JBIe.12I* ...........

13 ............
1.1 ..........
6.............
18,............
19} ............
20............
23 s.........
,2 ,..... . . .

2)7.............
20& ...........
30 ............

Ir)ol.;1 ............
)............

G............a...........
II............IX............

23.1

...)..........

n. . .........
,............

13............
III ............

Is1............
223............
21 .............

... .........

_ ,............

7............

AFob.

21).

23..........
27........

_-

lat ;0S
OrenY
Ing,.

22. I

25,. II
212. 0

2..II
21. 0;

23. .6
22.10
23. 2
2:1. 9
2.1. 3
23. 1)
.N4). 7
I.8. 1)
19. 3
., 7

It).

18. 41

IXz. 7I

17.8S
18, ti
18. 3
Iil. 9

20, 3

24). 1)
21). 8
21.7
22). 3
31. 1
32. 9

35.2

30. 73

.16.3311. 7)

32'. 2)

28. 4
25, 8

23t. Ii

A ron of
eross

se'ction. e

Sq./efd. i"?...I........ ....
.. . ... . ..

I)olpths.

l11111.,

I........

..... I...

.....I...

el.
....

WVidth.

IFeet.
.. .I.....
.I........... . . . . . . . ... i*.i,

.. .. , . . . . .'

! . ........ . ... ... ..!
, , ,,~~..........

,.,.,.,.,.. .. .

Velocity atid (llselia,'t' of 1857. 68 taik'n from ''lei ort onl t(le IississippI IRiver, by ('ait. A. A. Hitm.
plhrey alld( Irhiut.I. I Xi,t Olot, SO; "''. titt l, tllit ioll oft870. 'I'll 1Anid A. report d1oes, not givO (llilnelts1l0tt
of theidisharge sect ion, butli 1) lla ( 11. an I A ) Sturvey drawngis gIve '2 eross sections of the Mi issis.lppl

lt veI, ('oliniI)us, y,, of Dlcn I) andll 11.III, ;, IeIo, rolalp v arnthre( IIshiarl o Iloat ranges-i hoy aro
valleil the uuippor atlll lower seclolus. 'ITo uIpper v)('tin1is feet wide, mallaIx m1m sotundinug 78.2 fetit;
tlh lower section Is '2,1.0 fet wiflt" itn 1111 )4)41 so)ll0 illng 776 feet. O cntige ri'a llg.s iare all refrred 1t) tho
presout Mfiilssisppl ill ver Colilltusilon g:a' ge at.lit.l11141oit, acros.' tOe river from (Columbus; tilh tmro f ttl.

ug eis 1,11 ,.8 feet above (1h0 ('tlire (latml nI 1l1)ti ,

Mean
voloc-
Ity per

6.7.1
6. 4.1
7.0.6
7.68
7.99

6. 2.1
20.2

l1. 79
*r, ()I
5. 13
6 . 25{

i1 .1.01'1. t17
.1, ,44
4. 12
-1. 421'1.23

31. It)

4. 712
,:*, 70

3.72

, 1. WI:3. M71, 541¢;

, .1}(1
, I. o7

, 7. 31(

71 11: 2.1
7.01
6. "9
, i, 1;:1
,6 8"
, 6 il

I,0(

D)iseharge
por second(1.

Cubic feel.
(192, (X)
810, (XX)

1, 10, )00
i,(i3I:XX)

6;,0jl, (N0i
U(u)i, (X)18,004),rEY:s (")I
li17, (X)

(;'04, (X)
410, 000
hiO"l, (yX)(
IAR, W})8, Ow(X)
616000

54)7, (XX)
631,(X
54,)7, 0(X)0
1I2, (XX)
17 1,0O(X)

-11\1 (M10;1,0(X)1l'-i, I(X)l-1 ".5 (X)

1()1,000lX
3ll, (XX)

52h1, 1000
63.s11, (XX

- -I29 000
I 9,Bs000

652(), (XQ)
(107,1M)0
981,(X

1, 06'91, (mX)
1,1)8,000
I ,l(XIM)

I1059I.0
0), (X))
917, c()
778,000
710,000
023,000

Method.

1)ould1o floats,
D)o,
1.),
IDo.
1)o,

1)o,
l.o,
1)o.
lio.
lio,
IDo.
lIo.
l)o,
D)o.
1)o,
lDe.
1)D.
lo.
lo,
lio.
1)o.
D)o.
1)o.

: )o,
l)o.
I)o,
1)o,
1)D.
D)o.
1)o.
1)o.
l10.
1)o.
ibo.
1)o.
lo,
lO.
1)o.
1DO.
1)o.
1)o.
1)o.
lDo.1)0.
1)o.IDo.
1)o.
1)0.
Ibo.

.

.

..........

..........

..........

..........

........ ........

.. ........

........ ........

.... ........

........

........ ..

..... .......

9.869604064

Table: Results of discharge observations, Mississippi River--Continued
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WATEIRWAY, S;T. LOUIS 'TO THE GULTJIF A1ND CHIItcAGO.

Results of discharyc obscr nations, Mlississipp)Ji River--Continued.

COILJMBUS, KY.--Contlmiied.

Dato.

1858.
Apr. 9....

14 ...........
1 fi ............
20............
21

22,. . . .

27............27............
30............

4............,...........6,...........

7...........
8...........8,

...........11............
12...........
13..........

.. ...........1;' ....I.....18............

21............
25 ............26 ............1
27 ........
12,............

J1111v} I............
2 ............
3............
7............

18............a.1.............
I........ ....
11;............
17............
18....I......I.
19...........
22............
25............
26 ............
28 ..........
20............
:1O,............

July I.......
2............
3............
6............
6............
?,.......... .
8............
9............
12..
13............
14............
is, . . ..........*
16 ...........
17 ...........
1W.............
20............
21 ..........
22 ...........
21............
26............
27............
28 ..........
2.?1 ............
30............
31...........
2....
3....

anti 0
renl'-1lg.

'eel.
21.3
25. 2
27. 6
33.2
3.1. 8

311. 338.7

28.

39o.3
38. 1
34;. 9
31. 4
390.
28. 8
28i. 3

31.4

31. O

3'). O
:.7

37~, .137. 1)
|37.!

3S. 7
37. 939o. 10

30. 1
314. 4
4.1 4

42, 1

*1'2,42.) 5
.12. 7
42. 7
.12.,0
42. 2
-11. 8
40. )
38. 7
37.0

312. 3
31). 8
28.0

25, 7
2.1. 0

22.0
22, 4
22. 4

21, 9
21. 4
21.922i, 7;

2.1, 3
25, 7
20. 8
'27. 1)
28. 2
28. '.?
27.19
27, 4
21, '3
21. 1
23. 8
21. 2

Area of
Dots

eross _V_ _-
sectlon. Mlean. M a x I

,8q. fett. Ped~. Fte'.| "'t.
. . . . . . . .. . . . . .....

......... ........, ... .,,,,,.,,,,,.1,

. . . . . . . .. . .. .. .. ....,........ ........ .......

. . . .

.. . . .. . . .. . . .~~~~~. . . . . . ...........
. . .

. . . . . . . . . .. .1....... ................ .........................
............. .................
.... .......... ......I....................... .... 1.......

..........I....... .I.......... .. ..

. ......... . ...... ... ... .... . ... ...
............. ............................ ............~~~~~. .. .. . . . .

.............................. ...

...........

..I.........

.. . . ... ,.

.......... I.
,.I..... ....

...I........

241

velov-
lly 1)er
Secolid.

.1.77
5, 35
1;. I I7.:117.11

'...0.

. (H)

3iIii

_ I

IS3
Ii. S)
( 1).7

., 611

1. 11
7.)2.)
7')2)

7. 31

7. 10

7. 69.
7., S5

. 1)S}. ,13
7j1 3
7, SO7. 1 1

7 "8

8 10)

7. .):

7.1{i7

7. 23l

5.12

5. I~i

4. 81
4. 63
.1. Coo
4. 12

3,1 )1
3192
3. s
3. 81

3.6
3. 70

0(31
4. 88

1.99

.99

.1. 111

1.533

1. 22
4. 13
.1. 00

I Is(hllargo
I) er SeCond.

C'llbfe4 Jf(l.

r8((, to98i2,009X)

1, 1,100(
I. 0(>l;, (NNH)
I,wo (XX)

1:,2 ,l,I )0
1, 237, 000

I113,00

779 0)0
77717)4l
787, 11)
8SM, 111))
u155,m0

I ."';, w)i
I 1)78, (XX)
1I1I,(00)I, 000),000

1 0,143,0(00
1 1 '!, I)O

1, I I1,Y)
1,I20,0(00

1,22I2, 00)
2161 ! ()()

1.s,28 (X)

1,31)1I , (XX)1, 3889,1)4)I : 3,",~{OOOI ,103,0(N)
1,11403, ()01,:,(X3l)
1,2801()'4)0i
I, 15:1, X)., (X)

I 7), (0X)

71,14)

I97). )(N )i

8 11, 1(XX)
711), (NX)

('w9, (X)
477), )o

.1661,000
411)(, (XX)
4 13,1)'
425,) OW)
'll115 (0)

.193, )4)
)21,000-X

590,1)4f))
1i9-;, {NX)

(31ri., (X)(

.1312, O(X)

(Ill, 1X)41

.193, 000

Mfntllo(l,

Ifolhr Ilatho
1).

1)o,I)o.
1O.
1)o.
1)o,
D)o.
1)o.
1)o,
D)o
1)o,
1)o,
1)0.
1)o.
1)0.
1)o.
IDo,
1)0.1)0.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
Do.
1)o.
1)0.
1)o.
Do.
1)0.
1)o,
IDo.
1)o.
D)o.
1)o.
1)0.
1)o.

1)o.
1)0,

1)o.
1)o,
1)o.
1)o.
D)o
1)o.
1)o.
1)o.
1)o.

D)o,D'o.
1)o.
1)O.1)0.
1)O.
1)o.Do.

1)o.
1)o.
1)o,I )o,Dto,
lDo.
1)o.
1)O.
1)0.
1)o.
D)o,
1)0.
1)o.
1)0.
1)0,

..... ........

..............

..... ......

..... ...... .

.. ........

I....I

.......

I

... 11.1

..... ..

I., ....

.... ..

.......

.... -

.......

............

.......... ................ ........

....... ........

......... .......
..............

....... ....... ........

.. ........ .....

............

... ........

.... ........

...... ....

H, We,, 60,



WATEJRWAY, ST. LOIJTS TO T1I GULF ANI) CHTCATGO.

Results of discharge observations, Misniisippi lRiver-Continued.
COLUMBUS, KY.--Contlnued.

'G.g" Area of
r Iad- crois
ing. section.

Feet.
22, 7
22, 5
22.3
22. 9
23. 1
22. 9
22. 7

21. I
204),

20. 3
I.). 9
19.5

IS. 9i
17, 9
17. 3

',. 7
,r5. 9

I'l. 7
1 5. 0
14;. 7
13. 1)
12.U
12. 4
11,9
11.5
11.2Ill 0

II. 1
I .10II. 4

13. 5
13, 4I 3. 5
13. 2
12. 7
12. 3
Ill,)

10. S
9, 3
S. S

S. 'S
.8. 1
7. 7
7. 3
6. S

6,0
5.95.8

5f.3
h. 2
5. 1
5. 1
5.2
5, 2

5. 7
I5. 75.F,
fi.7

10.0
11.:
13. 8
18. 0
17. 9
17, 0
17.1
17.0
15.0

Sq. feet.

Depths.

___ ,__ _

Moan.i M1axI-

F"ed. I Feet,.
........ ..1
.... .. . .

.......... ... ..... ..........

........ .. .......... .. .. . . ....ow*

..,..., ........ ........

... .........

..........

.........................

. ....... ..... . .

... .........

.....,,,..,....,.I

.. . .. .'........-....
.

.I

.I*

..........*.....;...1

. . . . . . . 1. .*

1... . .. . . .1-

!I.,,,,,, |,,,,,. .

. . . . . . . . . .

. . . . .

....**1..... ... .

...,I......,........I........

.. .. 1......
I''''.' 1 ''' ''i. '' '' 1''..........*
1'.........

..........1-wws~w
..... ......-*ae~l*@ i,,I..,........ ., ......

., .,....., ,, ,

.,. .. .,. . .

Afean
veloc-
Ity per

Feeon.l

3.943
3. 97
:3. 0.1
4 0(5

.1,41.
4,IhO
3s. 93:
34. ,S7
3. tH)
3. 28

3. 25
3.06

.05
2. $0
2, 75
2. 55
2. 67
2.49
2. 33
2.20
2. 2,1
2.21
2. 28
2. 18
2. 1.?
2. 418
2. 51
2. )O
2 .50
2. -I)
2. 17

2. 311

2. 22
1. 98(
I. 943
1. t0
1. 91-
1. 78
",77
1. 67
1.60
1. 60
1.62
1. 6(7
1 50

II 501. 55
1.6c
1.15

1. 58'
1.607

so

.69

.62

1. r07

2. 402

1. [>t'

2.CO

I2. .5.

3. 4S

3. 80
3. 70
3. 78
3.65
3. 40

242

Date.

Aug.

Rept.

Oot.

Nov.

1858.
6............
G............
7............
9............
10............
it1............
12............
13............
14............
16............
17..........
18............
20 ............20............
21.......
23............
24............
25............
26............
27..........
30....
2..........
4............
6............
'I7.
8......

10.

3.. .

14.
15.
16..........
18..

21-
22 ..........
23 ........f
24........1
27........ .

29........l
30..
1..

8.

12.
13.
14.
16.
16.
16.4
19.
20.
21.
22.
23.1
25.
2fl.
28.

3.,

............

4.
5.
8.

............

10.
11.
12.
18.

Discharge
Por second.

Cubie fet.
.170, 000
.4S9, (00
196, 000
4941, 000
495,000
48,q),000
.1(8, 00
.108, 04)0
432, 00
.111, oo
391, 000

81s, 000
3111, (10)
364), Wpn

3.10, (10mx1;,w

29-1,000
20$, 0o0
280,000
257, ()
235,, 00
228, (XX)
221,000
219, 000
222, (00
212,0o
211,000
2'17, (X
2.56t, (Xh
24,000
256, C)0o
254,000
240,000
238,000
233,000
223,004)
214,000
185,000
181,000
174,000
177, 000
162, 0OO150\, 000o
140,000
140,000
141, 000
144, 000
134,000
137,000
133,000
120,000
130,000
134,000
136,000
131, 00
134, 000
132, 000
132, 000
135s,000
140,000
140,000
144, 000
230,000
285, 000
31,i 000
44'2, 000
431, 000
420,000
417,000
4,000
358, 000

Method.

I)molello oats.
1)o.
1)o.
I)o.
I)o.
1)0.
I)o.

I)o.
I)o.
I)o.
I)o.

I)o.

I)o,
1)o.
lo.

I)o.
1)o,
I 10,

I)o.
1)4),1)o.I)o.

1)o.
lo.I 10,
I)0.

I)o,
1)0.
I)o,
1)o,
Do.1)o,
1)o,
1)o.Do.
1)o.
1)o.

1)o,
1)o.1)o.

1)o,
1)o.
1)o,
1)o.
1)o,
1)o.
I)o.
1)o.
1)o.

1)o.
1)o.
1)0,
1),
1)o.
I)o,
I)o.
1)o.
1)0.
1)o.
1o.
1)o.
1)o.
1)o.
I)o.
1)o,
1)o.
1)o.
1)o.
1)o.
D)o.



WATERWAY, ST. LOUIS TO THE GUIJTA' AND ORIOAGO.

Results of discharge observations, Afississippi River--Continued.
COLUM B US, KY.-Cmoitlned.

Date.

1870. a
Feb. 28............
Mar. 1............

3............
6............
7............
8............
9..........
10............
It 1............
12............
1 6...........
18............
20............
21............
25............
26............
27 ...........
28 ...........
21)............
:31...........

Apr. 2............
4............
6l............
8............

11 ............
12..
13..
14............
10 ...........
20............
21 ...........
2.,22,............
23............
24.
25 ........2.s ............27,. ,,
28....
2:0....M{),............

Mafy .
h 6y ............6.,7 ............

6............7.
............

lo........
12........

14..........
16...........

17....
18.
10.
20 ...........
2............2,.1...........22...........
23...........
24...........
26 ............
27; ............27 ............
3oS ............

2.............3............
4............
............

Gall o
rea(-
111g.

Feet.

22.8
22. 4
21.8

21.2
21.3
21.
21. 3
20.
20.7
20.7
23.0
25.11
26.
26.
28. 4

20b.29,

20.2

28.7

28. 4

28.4
28.8
28, 4

26. 3
227. 2

27.8R
27.827.
27. 3

26.
21.0

*25. 1

19.6
18. 8
18.0
15.2
11.6l)
14. 1
1.3
13.3
1'I3.0
13.0
12.
12. 6

12. 3
12.2
12,2

12.2
12. 1
11.8

11.4
11.2
11.2
11.'2
11. 3
11.2)
11.
11.7
14.2

I ,5. 2
I 6r, 7
14.8 i

Area of
cross

section.

Sq. feet.
121,600

..........

118,700
1 18:200)118,3n0
118,300
118,0R 0
117, 100
116, 00

122,000
1 13 1,200
131,"200
137,700
137, 700
138, 700
130,800

.111,000

1.12,4100
;In.i "ioo

142,300

139,200
138,600
137,100
1:m, '10

13Y 00

1:117, 14W))

134I 100

1:12, I W)

Iitui I8o131,200

1 1 9, l00
117,200
1 13,

I I :1, gm

1I I I, (00

I ), 200

Os,
09,200

100,200

901,304

07,600

00,200

9117, {)

Os:1 I (OO
O.'f),ow0 II (ft
93,§wo

08,100

06,0(8

0.15 4X)

03,600

Oi3, :i'h

113,2gm

007, .5(X)

01,300

70m
103,'1)m
100,4oo

Del

Mean.

Feet.

.62. 490

66. 00

560.14
63.61.

64.1 346.1.3.4

6.1,

52,

62. 48

.52.95.
62.06I
631. 12

6.1..2..
02

62, 20

61.0Os
631, 10

6...1.1
651.00

61.80

62. .18

f.'32-111

h2. 71

61.-32

62. 20

62. 11
h,. 841

l,". 96'

61.1)1i

.19 72~

52. 93

62 -10

652 (68
:1 07

. 80!

62. 02

62.

651 72

61.03l61I. .3

A I 43

61. 21

6.t 442

62. 20

2. .2
61.37

62.0.3

r,2.

1.34
652, 43

Alts.
Wi~dth.

maxl-
muM.

Feet. Feet.

.. . .. .........
........ ....2,410
.. . . . ........

..........

2,410

100

1),100
'370

. ........-10

2,400

2,400

. ........40

,,-160
...... 2,150
........ .'2, 150

2,150

........ 2.I{,n0

2,4I0

.......2, 13)0

....... 2, 410
2,450
2,160

2,150

2,1150
2, 15012,It4)

.......2.f,50

........ 2 ~, lhO0

2 1.50
........ 2,416)

....... 2,4160
2 ,

2460

2, 4150

2, 160

.....2', 4,50

2.16I4)

........ .2, 16)

2.164)

2, 150

2. 150

....... .121

........ ...2,440

.,,,1 2, 14t0

Mean
voloc-
Ity oer
second.

Feet.
4.23

3.9)2
4.06
4.04

4.02
3,97
4.00
4.07
3.94
4.40
4.82
4.05
4.01
6.20
6.37
6. 34
6.263
6.26h. 20)
6. 20

6.4)0

6.30

6.25
4.73

6.0.5
6. 00
4..86
1. 98
6.00
4.72
4.906
4.42
4. 18
4.n0.
3.00
3.77
3.77
3.103
3. 31
2, P.S
2.0)7
2'. 91
2.77
2.68
2.65
2.0(5
2.71
2.73
2.07
2. 41

2. 46
2. (13
2.43
2.4(9
2.60
2. 410
2. 47
2. 46
2.61
2. 60

2. 60
2.57
3,07
3. 10

3.02
3, 10
3.3:)

I)Ischarge
per second.

Cubic feet.
614, ('00

406.,000

480, 000
4710,000
44919000
470,000
.174, 000
4514, 000
637,000
047, 000
876,1000670, 000

721,000
746, 000
746,000
742, 000:
760, ()O
732,000
734,000
705,000
734, 000
722,000
631,000

07,000
652,000
002,000
856, 000
831,000
651,000
6531,000
620, 00
400,000
460,000

4"12,)00
429, 000

406, 00)

376,000
298,000
n293,1100
2'1,000
2416 O
2609, n00
263,0

266, (XO
27:, 000
2 165, (1)
2"6, 000
26:, 000

2.56,000
251,000
2.I,000
2 6,

244,000
224, 000
230, 0O
227,000
242,000
234), 0O0
238,000
243, (00
318, 0O0
324 tXX)
310,00()
330,000
302,000

Method.

DoublO floatJ.
D)o.
l)o.
I)o,
1)o.D)o.

Do.
Do,
Do.
Do.
Do.
Do.
Do,
Do,
Do.
Do.
J)0.
Do,
1)0.Do.
Do.

1)0,Do,
1)o.
1)o.
1)o.DO.
Do.

1)o,1)o.
Do.
1)Q.
1)o.
1)o.

1)0.

DO.
Do.

1)O.

DO.
1)n.

1)o.
1)o.
1)o.
Do.
Ito,

1)o.

1)o.

1)o.
1)o.
1)o.
1)o.

Do.

1)0,.

1)o,

1)0,.
1)0,.

1)o.
1)o.

1)o.
Do.
1)o.
1)O.
1)o.

1)o.
1)o.
1'o.
D'o.

D)o.
0o.

a "'lle o) sorvotlonis of 1870 weore rndol 1m114er ll1r,'tion of NMnj. ('. 1. Siter, re0Ittest of lloa(l of Ilaghleori
01o L.ow Water Navigatlon of frslIssilqlppI Itlver; reslills wIIl appear In R1eport. ('blulf of EnglIneors.1l.t,
aluge readin)gs are roferrod to present, StIsIssipllpl Rivoe ('0114111)1Ssllon gallgo at IleltlooIt. '1,110 discharge

section of 1879 Is naloit ,0) feel, hlt>ovp the railroad dolot at tho lower of the towni Colml ,I s, 9,1(1
111)041t 1,300 feot ah)ov4 the swtloll of 1903.
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244 WATERWAY, ST. LOUIS TO THE GULF AND OROIAGO.

Reullts of discharge observations, Misissippi River-Continued.
COLUMBUS, KY.-Continued.

Date.

1879.
June 7...........

8...........
9...
10...........
11............
12...........
13..........
14...........
15 ..........
16...........
17..........
18 ..........
19..........
20...........
21.
23...........
24...........
25 ...........
27 ..........
28 ..........
310 ..........

Jlly 1..........
2...........

1881."
Dee, 17 ..........

21 ..........
22...........
23...........
24 .........
28 .......
29....
30.....
31....

Ilg.

Feet.
16.6
16.4
16.3
16.2
16.2
16.0
15.6
15.415.5
15.615.03
15.5
16.415.4
16.4515,6
16.r,16.6
1(3.416,4715.7
Isi. ''

17. 2
18.')

19.2
26.0
27.829,0
30. 1
35. .5

30,.:o1, :}:30.3.

Area of
cross

seotion.

Sq. feet.
108,000
109,000
10, 0OO
107,600
108,300
105,3i00
105, 900
104,80
104,900
105,3(0
105,200
10,400
104, 100
105,40
10.1,700
105,900
10'9,000100,200
103:, (X)105,200}104,200
108, II)m
109,300

126,400
140,60
143,400
148,600
1N,9w
17,100
174, 100
173,4o170,;100

Depths.

Mean. rMaxi-
e

Feet.
53.02
62.80
61.81
52.05
62.71
61.85
52.61
5'2.3562.47
61.08
62. 10
63.06
52,.141
61.30

62,
52. it
52.82
51.32
52.03

51.39

60.3
MN. 2
67.0
59.8
(Z5. 366,0
c65, 4
66.7

Feet.

66.4
73.8
74. 4
76.8
80.8
87.2
87.0
80.0
89. 5

Width.

2,440
214452,440
2,.150
2, 150
2,450
2,450
2,450
2,450
21,450
2,450
2,450
2,450
2, 450
2, 450
2,450
2, 450
2,450
2,4150
2,450
*2, 450

2,520
2, 451
2, b541
2,675
2, 33
2,'641
2,650
2,650

Mean
veloc-
Ily per
second.

Feet.
3.22
3I.32
3.30
3.25
3.21
3.21
3.17
3.05
3.09
3. It3.11
3.12
3.22
3.03
3.08
3.41
3.32

3. 17
3.22
3.22
3I.02
3.75

3.46
5.0O
5.29
5. SE
5.67
6. 3
0. 10
6. 15
6.27

I)lsc0argo
per second.

Cubicfeet.
348,000
361,000
350,000
349,000
3148,00
338,000330, 0(0320,0W324,000
337,00
328,000
332,000
3301,000
3241,000
322.,000
301,000
302,000
339,000
3t91, (00

j3G6,OW
410,000

437,000
711,000
78,000
824,000
872,000

1,123,00(1002,0001,000,0001,1I09,(a)

Method.

D)oublo floats.
Do.1)0.
Do,
Do.
1)o.
Do.
1)o.Do.
Do,
I)o.
ITo.
I)o.
1)o.
1)o.
D~o.
D~o.
Ito.
I)o,
1)o,
I)o.l)o.
I)o.

Do.

1)0.
1)0.

1)o.
Itoll101.i 110.

I 1)o,
1)o.
I)o,

Jan. 3. 35.60 180,200 68.1 01.2 2,64,55.01 1,004,O I)o.
r,.3!, 3 171,.500 a0.1 95,.5 2,65a10 5.76 1,00(1,000 l 1)o.
6.' 35. 1 172,7(0 05,5 xa8.1 2,637 .5.74 902,000 Do.
9........... 1. 1 105, 8(0 ,0 8' .0 2,632 5.47 0)7, Do.11........... 34.3 1413, 20(0 63i.8 89.0 2,033 5.65 O950,0 ID)o.
14............ .7 172,400 %j14.8 01.5 2,0659 6 30 1,086,000 D)o.
17....... 3.9.2 178,000 67.1 02.0 2, 168 7:36 1,,317,000Iitood and double

i l~~~~loat%.
18....... 30. 7 183, 400 68.6 02.0 2,671 7. 45 o1,M,0 ()0Doiblo fonts.

............

.. 18,00 .0 04.4 2, 72 7.43 1,319,000 D)o.20............ ....0 a18 4, 800 70) LI o 5,.nR 272 ! 7749 1,385, 000 tod floAts.
25 ...... . 11.0 170, 4100 C,a.6 1.5 2,093 7.61 1,31, 000 1)o.
21.42. 1 182, 400 417.8 95.0 2,6614 8 1,1 ,4 00(0 1)O.
27............ 42.2 184,(0) (8.6 0.1 0 2,,69 I 7.96 1,469,0() Moter.b
30............ 12.3 13, 500 6;.8.1 01.0 2,:695 7. 17 1 ,370,(0 1)o0b

Feb ..112.4 180,300 00.9 01.0 2,G6r, 7.01 1,373,000 Motor b and rod
floats.

2.. 12. 4 174,700 65. 1 I3.0 2,695 S . 5 1,407,000 Mntor,b
3 . 42.3 182,200 67.62 00.0 2,697 7.40 1,348,000 Hodt floats.
4...... 12. 4 185,000 68.0 80. r 2,97 7.7 1, 429,0(0) D)o,
6. 42.2 182,300 67.5 01.2 2,701 7.2. 1,322,0(X) 1)o.
7...1..0 181,9O0 67.4 37.0 2,699 7.52 1,367,000 1)o.
8....1.. 919 0,000 70.8 'M.0 2,197 7. 43 1,. 18,000 D)o.
9. .... I I.... 41.6 189,000 70.1 07.5 2,001 7. 40 1,399,000 1)O.
10....... .. 41.4 19%.500 70.1 O'.5 '2,97.04t1,3,26,000 1)o.
11., 41.0 188,500 70.2 S 1.5 2, NS1 6.841 1,289,000 1)o.
1 .40.4 188,00 70.3 05.0 2,6892 6.5 1,2.13,000 1)o,
1.10. 1 8),5,000 a0.0 0'2. 6 2,681 64.15 1,230,000 1)o,
15 f.10. 2 193,300 71.0 94.5 2,68o 0, -.1 1,23,000 )o.
18.41......... )10 1861,900 09.7 93(04 2,181 0,81 1,272,000M tnr.h
22............ 4013.1 107,000 72.9 9.5 2,689 R8.14 1,603,0 Ito)wd floats.
28............ -1 1.90 191,900 71.2 14)1.0 2,6091 A 12 1,5.58,00 ),o.

M.Par..I. 11.7 1'2, 200 (18. -1 100.56 2,61 8.21 1,502,000 1)o.
2......... 13 189,4100i 71.4 941.0 2,640 8.02 1,521,000 D)o.
3.......... 14.2 I88,000 71.3 98.0 2,649 8.04 1,5,000 1)0.

a'r ,ho 188I~82 series Is printedli (lie Itopotrt (Clief of 1'ngineors, I884, p. 2607. ''liedllselitrugi '"vtloil of
this sorle9 Is abloul 2,500 feet albovo tlm ralfrorrd (Ilolrot n 'I abott 2,200 feet abovo t(o scotIlon of 1893. T'im
gall o rondi(gs are referrld to tie present NI. It. C. ganll aat lelniou10t.

)loter velooitloes observed at min d depth 1i4(1 not corrcextd.
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Reodt~aof dkiecarge obeervatios,Missssippi River- Continued.
COLUMBUS, KY..-Cont~inued.

Decpths. ma
Gauge Area of ______DishargDate, read- cross NV dth. Iooct 1p)lprsecord. Mehod.lug. section. mci.Mx-second(.

1882, Feet. Sq. feet, Feet. Feet. Feet. Feet. C0~1c feet.
Mar. 4....... 44.0 180,600 70.0 98.0 2,0319 7.81 1,403,000 Rlod f10445,

0...... '13, 4 180,100 70.1 95.6 2,054 7.62 1,430,000 1)0.
7....... 43.1 1841,000 09.3 89.5 2,053 7.02 1, 403,000 1)o.8...:.... 42.9 I18(, 00 08.4 89.5 2,041 7.09 1,390,000 1)0.
10....... 42.15 4481,8X) 18.8 410, 5 2,041 7.22 13241,000 1)0.
II.4......-2.4. 178, 0() 017.7 KS,.6 2,03 0 7.35 1, 313,000 1)0.
13...... .12,5 185,100W 70.0 92.6 2,044 7.35 1,30m1,000 Do,
14..... ... -12.0 185, 8(K) 70,2 92.6 2,0406 7.00 1,317,000, 1o.
15....... 42. 7 186, NX) 70.3 89.0 2,040 7.412 1,380,000 1)o.
I30.......12.6 185,8X0 70.2 1)2.0 2,010 7. 35 1,300,000 1)6.
17...... .. 12.4 187,1100 70,9 8-.3.6 2,015 7.1.1 31,39,000 D)o.
21....... .11.1 182,1)00 08. 7 84,0 2,035 0.39 1,1108,000 Meter.
22......., '10.5 187,500w 71.2 90.0 2,06:1.1 0.01,)142,'000 1)0.
23.:...... 9.8 182, .100 09.3 80,0 2,0312 5.77 1m",(3XX) D)0.
24....... 39.1 18V3,200 09.1 87.0 2,:130 5.81 1, 815,w0 D)0.
25....... 38,0 170,.8(X) 07.3 82.0 2,0627 15. 10 900,188 Do.
27........ ,2s 17-S,900(X 08,1 82.0 2,025 5.0II0 ,01,000 1)wo.
28....... 3'4 I 178, 9(K) 641.1 82.0 2,12-1 5.113 972,I8IW o,
,29....... 1N.4I 170, S00 08,6 82.0 2,0121 5,51 091,0 1)0,Do
30....... 38.2 180, (X) 08.7 84.0 21,028 0,0511 1, 002,000X D)0.

Apr. I........ . 4 4 181,100P)9.0 811.0 2, 30:i 5.90) 1070,18)O 1)0,
31....... 38.2 180,900 08. 7 80.0 2,113)I 6.11,II:075,000IX D)o,
I.....I... 37.01 178, (K) (138.0 80,0 2,11,28 5.75 it ()27, 0X) D)o,
S........ 16.71 177,700 117,7 85.0 2,025 15. 19 176,1881 1)0.
0.:...... 5.2 172,300 05.8 8.1.0 2~,0619 6.22 sit, (K) 1)0.
8....... .0:I (Iw 00 1162. 7 79.1) 2, 53,9 41.70 773,000 IDo,
10.32...1.1..11,320 113, 5 81.0 2, 5S9 41.89 803,IX 1)o.
II....... 32. 2 1011,8)0 0:1.3 80.1) 2,5r94)0 I. 8-1 703.1 0(K) Do.
12.:......12.2 1(-14,700 03.0 81,0 2,50)0 41.91I 8 :13,8)0 1)0
13..:.... 2. 0 1 iioo0W3. 7 80.0 2,590 -1.77 780, (XX) D)0.
14.1....... :11. 7 1612,000 (1:,0 80.0 2,590 .1.74 772,000 1)0.
15....... :11.7 1112,900 (1:,0 80.0 2,590 1.73 779.1, 1)0.o
17.:1.....2.2 112 ,300 02.7 80.0 2,51)1) 41,90 795,18 1)0,o
18.:1.....2. 2 io6i,110 03,0 80,0 2,595 -1.95 810,(XXwo O,
19....... :13.7 110,(00o2.1 77.5 2,5691 4.41 70(1,0001 Rod (toats,
20.:1.....0. 8 157,0I00 0,9 7A.0 2, 578 4. .13 095, (mX D)o,
231....... 20. 8 15r.1,300 Co0,0 718,0 2,574) 4.569 7084, IN ) Moitor.
212......... 29,1 1.5'2,100X 59,51 70.1) 2.553 1.3 I0,18(a 1)0.

2.1....... 27.11 IT4 714370 5,0 7.1.0 2,5334 1.31 040, (XX) D)0.
25....... 2,7.1(I 150), 800 5,9.1 75,)0 2,53i 4.3:7 053, mX 1)0.
20....... 2.8.0 1 51,900) AO59. 71.,0 2, 5.10 41.20 0o8,0(00 1)o.
27....... 28.1 151,18K) 59, 1 7.5.0 2,5511)3 .1.15 0-27,0(X) Do.
V9............ 211,2 153: ,1el(I) 10, 1 7-1.5 2: ,557 4.19 (14 1,410) Rod floitsi,

MIay I.,.........,. 1211,7 153,5'(K F)59.8 7.1.1 2,5(1411 4,30 ml 1,18((O 4D0,
2...... 2.9mi 14I,800 00.3 70.0 2,50I8 4.62 715A.(XX) Motor.

:1......... . 11 15).1.00) 00.2 77.0 2,574) 4.50 0D,8)Io,
4........ .4), 153g,90 (11. 7 7(1,0 2,5)75 -1.641 72,18 D)0.
S....... 29.8 11541, 800 (14,0 701,0 2,5712 4.1.3 0195,I18 ) 1)0.
1....... 29.5 153,80SI 59.9( 77.0 2, 608 -.1.54 099,) (XX) D)0,
8....... 23.0 1,13500 r57.9 74.:0 2,5415 3.88A 577,000 lbo,
9....... 29,8 159, 400 04.8 7.0.4 2,5895 4.77 7(12,0(W) 1)o,(1
10.:1.....2.8 104,18) 02,1 78.0 2, 592) 5.3. 2) 857,0 1)1).D
II....... 341.8 170,000 05.0 81.56 2,00.(14. 91) ."81,000 RodI 1oitsa.~
42......... 1.4 171, 700 05.8 87.0 2,000 5..10 028,0X0 1)0.
131.1.....7.3 4841,0 0O9.0 90.0 2,412.1 5. 551 1,001,000 1)O.
15.1......38,5 181,100 09.0 87.5 2,0127 5.79 1,0149.000 1)O,
1........:134 ,5 181,.100 09,4 83,5 2,027 5.7.1 1 w,01,1) Do.
17....... 38,.1 181, 700 09.2 88.30 2,02.)7 5,57 1,012.000 1)0.
18.3......3a" 175,500 414. 7 80,5 2,0:32 5.4194 999,0 4)0,o
19)..'18....3.4 178,200 417.0 80,0 2.03WV .81A 1,01 I,000 Meter.
2(1.18.....~.4 17-1,800 041,3 85).0 2,0135 5. I1,0l,00 1)0D31
22....... 38.9 180,10I 03.683 88,0 2,11311 0. V5 1,090,000 Do.
23....... :19.0 179,100 17,9 8.5.0 2,0130 0.24 1,111I.000 1)0,4,,
2.5....... 38.2 178,418X) 07.41 84. 0 2.0635 5.91 1.0(52.00 1).
201........ 1. 41 17r,,o0 0 0fl. 81. 0 2,0632 6.,0)) J430,00 Do,
27....... 30.2 171,00 05.,2 81. 0 2,1121 5.,25 N93,000 D10,
29 ...... 3141 1419, 700 -1. 9 81. 0 2,061:1 . 2)) Sxi1,000 IDo,
:1........ 341.41 103,100 4. 3 81. 0 2,01:41 5. 3; 890,000X 1 l.'a
31........ 5'.8 172,500 C0.,0 81.0 2,1110 6.s~63 w1,000 1)0.et
I......... "in, 1741,700 00. 5 8410 2,020 5. 78 1,011,000 1)0.
2....... 7.3 17-5, 100 00.0 8-1.0 2,0:12 5.93 1,011,000 1)0.
3 . :1~~~~7.8 180,000 (18. 5 87.0 205 59 ,7,0 b
S.3I.....118. 5 178,400 07.8 1U):0 2,11637 8.1(1I I, 00,00lo e,

Ia Motor velocities obeorvod at mid dopth and not CoF(0t41
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Renu"s of discdkage obserations, Mistissippi River-Continued.
COLUMBUS, KY.--Continucml.

Date.

1882.
7............
8...........
9............
10...........
12............
13 ............

14............
16....
16............
17............
19............
20.........
21.........
22............
23............
24............
27............

28............
29..........

I1 ... *... ......
3............
o............
7............7............
8............
10............
11............
12 .,,
13............
14............
1.' ............
17..........
18..........
19 ............
20 ............
21............
22............
2.1 ............
2.',............
26 ............
27'............
28............
29............
30 ..........

2............
3............
4...........
6..........
11...........8............
{............

10............
11 ............
12............
l it ............

I.b............16.116............

17 ............
17.

21 ............
,..............
23..

'2fi,..........2..............
28 .........
29.........
30............
31 ............

laugeread-
Ing.

Feet.
38.8
38. 8
38.4
38.0
36. 6
365.

34. 2
32,6
31. 3
30 4
31, 6
33. 4
3.1 7
35, 2
31 )
.V.) 8
3), 1

31.3

3:1.7131. 1

33. 1
31. 8

36. I

36. 8
3..2

31. 4
33.2
32. 2
30. 4

23). 0

27. 7
27. .1
20. 2
25.6A
2-1. 4
23., 3
22.4
21. 7
21.2

19.8.20!t. 03

19.
I.19.5
21, 3
21. 9
22. 0
21.7
21.6
21. 3
20. 7
20. 2
19. 9
19. 7
19.5
19.2
IXS. 6)
I1. 1)
17.6
1'll. 0
16. 3
IS., 9
16. I
14.9

14. 7S
14> 7}

Area of
oross

section.

Sq. feet.
179,800
179,900
178,500
176,100
169 600
170,6G00
168, 300
162,200
1,l000
16,000
157, I00
163,200
166,200
168,200
168,800o166,00
16700
107,000
1698,1001w,()|trl

6If61 )0
170,8W)
119,o0
171 ,300
168,X100
I110,200
167,300

160,8(0
168,200
1652,300
I 46, 71)6
147,'2)0
111,11()0

311,4),c,
1"m, Wf
I '2t, 7(0l<

126', 7W12'2,)0()
12,5,700
127,100
1',In100
12;, :00
137, 100
I1m,aom
137, I00133.,000
131,600
133,800
127,200
11215,100
127,000
126,700
12",20C
122, 2()
121,7f0
12.2,900
12,10IIX)
121, SOO
I 19, 10
1I1IW)10
11600 0
116,100
I V)11',0(
1 13,800

Depths.

Mean.

Feet.
68.4
68.6
67.9
07. 1

65.0GC. I
0-.9
62.,8
01.6
60. 8
61). 8
63.0
61.0
0-1.
&I. 8
61.1
63.3
61.4

61. 7
613, 063. 0
61). :3
65.7
(V). 2
63.8
61.8
61.19
62.2
61..3
69. 7
69.2

f7. 2
68. 5

55. 7
.1 4

.'3, 0
62, 0

49. 6

61, 1
6 1. 7
19.8

6i). 1

61.2
M61
6:I. I
61. 461.8
61.6
t1.8
fi.1
50.0
19. 7
610.1
60,1
49.9
16.7
48.0
17. 7
17. 1
47.6t
16. 8

misl-
uluim.

Feet.
86.6
85.56
80.0
80. 0
82.6

80.0
78. 5
76.5
78.0
79. 0
81..
80.8
81,.
83.0
931.0

Y:3. 0
't:J. 0

83.0fO080. 0
82.0
Sf1.0
81.50
$41.0
82.0
8-5.0
81f.0
82. 0
811.0
7X. 6r
78. 0

711, 0
77.0
71.6
711. 1)
7:1. 0
7'',0
71.0
71. )

68, 0608. 0r

(15, 5
6.v3.0

M1. 2
72, 0
72.5
72. 0
76). 6
71.5.'
61). 0

68. 0

68. 0
66.0
7M. 0

67. 1)

. . II115,. 0)

6:1'. ()

o:i. r,
t6I2.0

WIdth.

Feet.
2,627
2,627
}'2627
2,622
2,622
2,600
2,693

2,67i'9
2,1698
2,6(1]2,606I
2, (04)

2,693

2,6g').

2,580

2,6012 601
2, .'0
2,6(10
2,599
2,693

2,6A79
2,6:31d
2,6527
2,519

2) ,r 7'10

2, N1:1

2,477
2,161
2, 'I 410
2, 1 !V
2, 1657
2,467

21 1;(6n

2,462
2,401
2, 1641
2,166
2,470

'),fi49

2,11611
2,.462
2, 56
2, ,11
2,117

2' lIT1

2 ,1n
" 112

2,138

2,1'9'
2,412'

:!"'~:

Mean
veloc-
Ity per
second.

Feet.
6,.47
6.48
6,.49
b,. G7
5.09
4.94
4,60
4,38
4.21
4. 12
4.776
4.91

.1. 9.4. 6-t;
6.3:8
6, 39
4.98
6i14
4.89
I1, $2}l.P1
'). W
6, (1.'i
6.31)
6.33
6.3t3
f. 37
6,32
6.08
4.841
4.80
4.63
4. 314,33
4, 09
3. i e)
3:. M')
3, &9
3.(893. "9(:1. sot
3. 27

2. 2:7

2. 157
2.9Of
2.67
2. 57
:}. 1W1
3.14
3.l)73.00
2. 97
2. 91
2. 82
2. 711
2.70
2. 71

2. 116
2. 19
2. :Io
2.312. 12

2.1,8'2.12A

DIscharge
Per second.

Cubic feet.
o9', 000
9so, f09S0), 000USil, 000
813,, 0

775,000
710,000
86r9,000
7 18,0(0
821, (XX)

3)2, 000

M9, (X)O
797,000
768,061)8ftX, (WtX
SUt

899,(mO812,000

8158, 00
781,0XX

mxt), mNO
681, W)6

5719)000

6290,000

.1 79, W)X)
;126, (W
.I I 8, f(m
3;1, f)O

3(11, (RN)
7,1X )00

.1m1,000

.I I t'4, wo)
.118,! IX)

.1021 (X)O
378,000

301114)6

33S, I X)0

:3 sS, (XX!)

3w8,1)4)0

.214,0'0

19.0X)63641, wo4

21 9,0(X)
219,1)6N)2) 19},1)1)219,1)lh41
2111,i1 }
' I.,1d)1)

Method,

1o(d floats.
Do.
D)o.

Moter.
Ro(d I1osits.
odf1lots11and 11)8-
lor.

Rlod Ilonta.
1)O.Pto.Do,
D)0.1)o.
1)o.
1)O.
1)o.
1)o,e

I )o ai
Metetr andlu ro(l

lI(0ats.
Mefter.u

1)0,1)o.
)o.,

1)o.
1)O.

1)o,I)o.
I)o.
1)0.
1)o,
1)o.

IDo.
lb.1)D.
1)o,
1)o.
IDo.
1)o.
1)o.
1)o.
1)o.
1)o.
D)o.D)o.
D)o.
1)o.

Mother autl rod
so.

I)o.Montornl r(I)o'I I).)
1so.

Nloler.

1)o.
1)0,

I)o.
1)o.
1)o,
Do.
)1o.
11.

Mot 'tor.
lbo.

*
Intoe.

* Motwr voloclties observed at utlid deptli and nlot rreretl.

June

July

Aug.

- -



WAIIWWAY, ST. LOUiS 'L'O) 'I1IIh GUIA" AND) (Cll('A(00.

Reulls of discharge observationw', Aiss'issippi River -C( 'motin ucd,
COLUMBUS, KY.-Con1tinuc1d.

Date.

1882.
Sept. 1............

2............
i............
6............
6............
7............
8............
9..........
11............
12............
13............
11............
15............

IB............
18............
19.............
20..........
21 ..........
22............
23.........
2...........
26 ............
27............
28 ............

2. .............
Oct. 2............

3............

7.

0............
10 ............

11............
12............
13....

10............11..........

21............

23.............

21 ............

26 .............

217............
30............

'20) ..........

31 ............

No. ............
2............
3.........

0............
7.......
8.....I

30............

10...........

11 ........I

Il2............

14....I

615............
17............

17............
8............

21............

20............

23............

24............
25............

18191,
F ,2b....2..28.1

a meter vol0 0ltilU olxiorvod i\t 11n1o (I )IIdeetnd not corrected,

Depths.

'1
(alluo
rea -
ing.

.Feet.
1.1. 7
14.0
15. 1
1fi.3
15.4
lb.?
16.0
16. 1
15.lS
lb. 6
15f.3

1.1. (
141. 1

17.0
17 9
18. 1
17 6
10. 6
15r. 31
1:3. 7
12. 8
12. 3
12.0
11.2
11. 0
11. 1
11.2
II. 51
114. .,
I1). 9

10. 71

9I.
14).

I(). 3,
Io.

9*.7
l). 1

Io), 71
10.10.3

1(1. .1

14).

11). 0

10.0

15.
11.1

11.01
11.1
11. *1

11.9

12. 1
12. 7

1:. 1)

12. 8
13. 1
13.2
12. 9

12. 01

12.2*

12 1

-104,
'10. 8

Area of
cross

seotlon.

Sq. feet.
117,200
115,,80
113,160
I I.' w;O
116,200
117,6)0
11 ,200
117,30
121,300
1,3o00

111,800
112,100
112,200

118,100
122,(00
121,100
121,n00
118,800
1 15,200
112,100
1512,801 1'.,'1s)0110,.100
108,000
1051,:500I (VW , ,00(I 0W1,300

10(1,700
1 (0,2(014().1200104)50
I0.0.'100
1,)'11,)1

I )(3, WOX

1/12, 100

103, I,4)
10700

11) , 000
¶17, 11)

1(51. 44)

1411,70I)

10o.1, .;(4
11)", -,N.
Io7. 700

11)! 3(N)

¶19, Il)0

14(1 :4()

|(8,r, ;w)/

141E, ooo

10.1,1700

1().2, 544)

10,,' 100

111, (4)
I'ON, )()o

Feet.

18.2
47.5
46.4
47.,)
47.6
*17.4
18;0
47.B
48.0
49.7
47.3

4.16
lfi."

-i).7248. 7

4.185
49), 7

.19. 3

19.6

18.6

17.3
46.2

45.06
I13.6
4:1.41

J12. 1

13l. 3

12.

s:g. 1
11.8.13. I.5:1.

12.l'13,
42, -$.12" 6

-12.5

*11.
*I4.

451. 7

.1 1,

41 7.i
41.21141

12.7
1t' I;

1

4 0.2
1178

4:4., 1)

(13.1

*1),'

4*2. 3'
t.0

.13, .1
59,. 7

013.44¢. 3
¢|13, O.

4:}. a

6!9 T
a0o 7

MilXs

.a_Fe'et.
63.0
61,0
63.5

6^1.5
65.0

65.0
63.0
63.2
03.0
6:3. 0
620,
02, 0

411. 0

Mi. 'S

,62. ()41, .5

c)5. 0
63.5,r

00. 0

60, 0

58,. 0
n8.5
58.0
5\0. 0

59.

50. 0

59. 0

57. 0

157,1

58. 0

vi.17 )

57, 0

V7. 0

0

58, 0,o

5'.8.
57. 0
59. 0

1'19. 6

so. 5

758,

0
ptq, r,

59s. o
54:), 1)

r)9.
0.sn0

01). 0'

lil. I)

78;1.

Meanl
Mdh veloc-Vldth). sty per

second.

Feet. Feet.
2,132 2.00
2,133 2.15
2,110 2.2-5
2,110 2.10
2,14 1 2,13
2,1)3 2. 07
2,1)3 2.21
2,4)3 2.30
2,411 2.23
2,)110 1.93
2,1438 2. 13
2, -3IM 2. 07
2,133 2, 0)1
2,520 2.4Y.)
2,139 2.35
2,112 2. 23

15 1 2.0.5

2) 147) 2.51
2, 115 2.35
2, .134: 2. 21
*2 .)-2 2.17
2,42)5 2.103
2 1)3 1.97
2:1) 1. 00

2* 1)7 1.78
2 17 1.83
2, 11.5 1.b!r
2*410 1. 150
2 110 1.8.
2,118 1. 0
2,418 1. 81
2,418 1. 1
2,118 1 87
2,118 1. 04
2, 1)7 1. 87
2,41) 1. 87
2,111 1. 82
2,t117 1. P.1
'2 1041 1. 81
'!,5001 1. 77
", 1441 1,80O
2, I'!) 1.8
2, 3I I. 913
2I,.) 1. S10

421)*) 1. 85i

", I't,', 1. M
2, *1') 1.11

2,)T0 2. 0)
2 ,42,1 1. 92.)
2 1'1 1. O9)
2,1'2 1. 01
2, 612 1.97
2!,120(; 1.0oi
2,)'2 1.03
2, 13 2. 12
2, -1 t2. 11
2,138 2.20
2,438 22
2,41-10 2.27
2,140 2. 2
2,313 2.26
2,,,55 1. 70

2, 152 1 ,87
2,132 1. so

3:,111 7.0I
3, I13 , '2

Discharge
per Second(1.

Cublefet.
212,10)
2.9,0(10
255,04)4
253,000
217,000
239,0OM
241,000
267,000
2:11 ,0026:1 ,)000
2)15,001
232,0410
2 '!4, (404
231, MOH)

3'3,000
321.I000
2791,M)
258,, W0
2.1 1,44X)
217,1X4
205,000
19:1,0X0
18(0,04)0
100I,)00

102,14)00
150Z,0(100
194, 0X0)
187,444)
192,000X

202,14001('92(1

176,1)0
I ',)(,((
17'J,,()0

190, (1

1095(cm
190,'4,, ){

191, ((X)195,4 410
I192, 4X4)

S7 NX)
597. (44)'1) ()i04)

201,0(hlO
20.1, M()201, 444)

243.0(X)
233,040
2515,000
2401,00
I IM, (0Y)
19I, INX)
19SI 404)

I300, (XX)
1, :10, IN'N

Method.

Meteer.
)o.

1)o.
1)o.
lb,
1)0.D)o,aX
])O.
DTo.

1)o.

Mo0er.
M)).

o lo.
1)o.
bo.

Metor.

5)0.6
1)0.0
1)o.

lM.I)o a
1)o.1)o,
1)o,
1)o.
Do.

1)o.

1)0.
1)o.

N),1)o.lM.

I)o.
1)o.
I)o.
1)O.

l)o,1)0,.
1)o.
lOo.
5)o.

N1,
544),

I),).1Wz.

1)0.
Mlo.
1)o.

1)o,
1)o.
1)0.
1)o.

I)o,I 1).

lb.
10)o,

Motor.
1)M.

'247



2 ,18 WAT'ER'IWI\AY, ST. LOUIS TO TIE, GULF AND OLCIOAGO.

?esiudis oJ (ischarge observations, AMississippi River-Continued.
COLUMBUS, KY.-Conttlnued.

Date.

1891.
Mar. 1............

0

3.
4............
11.
12.
13.
11.
16.
16.
17.

22..
2:1.
'2.1
26.

1892,
Apr. 1:1............

15 .........
I(I,............
26 ............

,.
28 ............
20 .,...........
'l)............
IS93.

Foeb. '0..........
22 ............
23 .........
21 ............
25.........
27............
28 .......

Mar. I............
2,............

(............0............

............
X............9............

1)............

1"..............
............

11.

I 9.............
207............

A 1. .........
I0.s..........

.2(............

145...

20.......

114.1......

r(lad-
I11g.

I'eet.
41.0
.11. 1

'11. 3
'10. 0
4.10.
'1(1, .1
'10.3
40. 2
*10,2
'10. 2
410. 2
10. 2
.10. 0

39. 8
30.0

.11.3
41. 2
.11. 0
s.(3. n43. 0

.13. 1
413. 1
42.9

36.3
38. 6
39. l
39,7
'14). 1
'10. 6
'1). 7
10. 7

'10. I
:33.06
*1:3. 1
13. 6-13, 5
*13. S
.13.8
13. 8'13. 8*13. 8
4|3, .8
.13 8
.13. 7
'13. .1
'13. 4)
-12. 2
I4. 8

I31. 6

3'1.8
36x, 1

:35.82
3.i. 0

Area of
crois

section.

Sq. feet.
186,300
1S7, 400
185, 800
18'), 0)()
1.',%7, S(N)
I ')30()

185,I4'00IS., I 00

187,700
188,2001m., w()19, 600
181,4l),

1ti

1ma,SIX)4

181,9'00)
202, '()002()",noo

8'), :100
203, li04)

20,()',IX)
201), :0V)0

176,800
17t6, 90)
182,080
I t9, (10

195, W4)

1117, 700)
2W1, 200
107):, 704)
20a3,300
207, fi
208. 100
20li, 71))
20)1, 700
24)1,I,)4)
24)5, 700
2061, 404)
2447, 100
2o7, 100
2")1, 110)
24'),4X)4)
114",241) )
193{, 6)0

37,4)
8, '000

13,200
161, 700
1W'1, 000
1I 0,24()
,1t, .100

Depths,

NMean.

Feet.
69.0
69.2
69. 8
69. 7
69.3
6(0.1

G0. 8
69 .2
69.3G0. 2(,o. 2

04.9

ca .1

00. 9

414). 7

411, 3

64.0
60t. 7

67o, 1

al7

64, 7

67. 3
69, 0

02. 402,84G2. 8
l''2. 3
l2. 1

64. 41l;'1, 6
41. 7
41, 7
(141. 1
01. 3
415, 8415,. '23;l.I, '3)
05. I
05. 6

462. 22.1. 4

0'2. 2S

424.4

49. 0
49. 4

48.8
4. .6

MfaxI-
1110111n.

Feet.
80.0
St. 6
83,0
84). 0
81.,0
83. 0
83.0
82. 5
82,.
S2. 6
82. 0
82.0

........~

80.0
80.0

80.
79.
79,
86,
8X1.
81.
85.
.

0
8
8
0
6
0
0
0

00. 081. 0
00.0

84t.0
8-1.0
81,41
81.U
81.0
71.0
87.0

16.)
94). 0)

91.0)
14|2. 0)
91. 4)
94). 0

V1. 0

84t. 4)

09.8
710. 8
71.6
71.7
2. 0

-!--J Width.

Feet.
:3,128
3,129
3,1:32
3,1:32
3, 121
3, 118
3:117
3, I II
3, I 111:., 1 141

3, 11I1
3, 1143,110}
3, I 10
3,1 Ill
3,110
3,11;)

3,122
3,l123
3 121
3,109
3,109

3,149
3, 1419

3,079
3,080
3,090~3 WIS3,094
3, 1)3
3,111
31,123
3,123
3, 109y
3,071
3, 141
3, 1ll
3,111
3 141
3,1411
3,141

3, 11

;3,111
3,111)3,11l9
3',116
3,111

2,361
2, 3414

3,07,2
3,073
3,4(71
3,078
3,0178

It y per
secolld.

Feet.
7, '10
7.39
7, 35
7. 38
0. .13
0}. '18

o;. lI2
41, 5911
0.;31
0.38

0. '14
0. 413

6.32

6.42
6.32
O. 1 1

0.7'2
0.69
0. 81

7.00
7.0l
7.01
0.91
0. 97
0.93
0.s8
61 6l
6.10
7. 11
7.30
7.20
7. 20
7,39}t
7. 00
7. 19
7.11I
7,3?7
7,\1
41. ,)
7. It
0. 5h

6.91

r, .O
1.61
1. 0s.

6.6'3
0. 1'9

0.2.

Discharge
per second.

Cubic feet.
1,381,0'))
1,3s70,000)
1,:78,000
1,378,000
1,189S,000O
1,226f., 000
I4213,000
1, 22), 000
1, 18,0,00
1,2.12,000
1, 185,4)0O
I,2101, 0(0
I)X (X)O

1,2I2-i'1,)0
1,182,000
I1,541,4)00
1,18, (00

1,300,000
1,24:,000
I1,:0,000
1,;341,4)00
1,:3S, 000
1,:398,000
1,352,000

1, 239, 000
1,283,000
1, 3371, 00
1,3:17, 000

1,318,000
1, :14). )0O
1,281,000

850,004.
1,I, 000
1, ISI,004

1,628, )00
1, 13i I, o()
1, 170),000
1,62r,.,04)0)
1,4723,0XX)
1,472,.I.000
1, 132, ()00

1, I 'I ,, O()
, 11)IW

1, :129, .04)
1,111,00

850,000
839,000

0)t0, (tX)93;13,4)4))

Method,

Meter.
1)o.
Do.
1)o.
1)o.

I)oullo lloats.
1)o,
1)o.
1)o
1)o.
D)o.
I)o.
1)o.
1)o.
1)o.
1)o.
1)o.
D)o.

Motor.
1)o.
1)o.
1)o.
1)D.
1)o.
1)o.
1)o.

Double Iloats.
Do.
1)o.
1)o.
1)o.
1)o,
D)o.
1)o.
1)o.
1)o.
1)o.
D)o.
1)o,
1)0.
1)o.
)o.

1)o.
lo,
1)o.
1)0.
I)o.
I)o
D)o.
1)o.
IDv.

* O1id 1tl44t 0410-.1alf t110 .1eeti)ll 8'Ot44(10lo; h)1l1114C0 Ii4'IJllr :It4l1 from thm A1ll 4141l1 7t11.b1 otesJor atwe watiter, V.SJJ.- --\V0vIoethvs of S115 oblkerved1 wx4itt a Price Imleter at six-l.teMil.s (lo th. Obgor-
yatloiis1 4l4nomidO or (dlrectiotl of ilrst 4i44l stwcowil thitrIct ollcotr. 1I' )or" ('1 ef of E.igllers 190, p. 3t51.C ,NVOC/Or high water, 18911.-.AeIlocIotYi 'ewrt oI served wit4II I laskell ImIo!te r, fonrt'm 1,' WI tlm wiet No. 1.
The 441Ct4'r wwSq held at sl x.tolpths depth for Ilve mhm(h,1t ti1 4I.;e4' stiIoii for the regitmilr observatioI'. F'or
the s O4lIII'41I11IIkIlug Illet1401d, whieh) Is 1111y\(lrI lled hu 1 1 ort NfIslRihppi t Ivor co)IIn IIIiloli01894, tile
mother wwi ti1 '.4) feet below4 wlie 5'4I'ti l'tholv4wo'lo.Ivity tit44 .4 d.'p)tlI corrcUted to m4emi4 of the vertortIo.
ObserVatonT s auidiniX rut-limmitmlwuii1t, m r illr,')01oii of 4.('ait, 11.IL. \Wlito4rim41in, Cori of EiniglmlIvt, S00rotoxy
m.Issilpi h1vor Comomuimt;ol. Reop)ort Chief of E:mllgillvel4S18')3 ,I1. 3&().



WATERWAY, s'r. IOUIS TO THE GUULF AND OHIOAGO.

REeults of discharge observationl, Mis~sissppi River---Continued.
COLUMBUS, K.Y.-Conthnned.

Data. rcaif-
Ing.

1896. eelt.

Apr. 14......1.......:::::
15 .I, 31.3
16.31.6
1 .......
10...... .......

Nov.

Mar.

Feb.

ar.

Apr.

17............

17............
2............
3............
4.......
4.......
$-..-.... ......
6............

............

.. -...-.....--
10 ........ ..

'° .

107.
1897.
3.......
..............1.

6.......
0.. .

... .

8.......

1898. c

wI .51.
ti).

29.
1 .
x31.

........-1

5I ..

2.........
4.. .

I..
28. 4

6.9
7. 1
7. 4
7. 4
7. 7
7. 7
S8. 2
8.61
9. 0
9. 6
0. 8

30.2

b 0.11.I.

42. 3
1 2. ;;
.12. 5I... 42.4
2. 1
2 1
2,12. 1
.9 .9

2_2
2.2
2. 2
2.2

10. .5

40. 1

.10. 1

39. 6
.13S 7
3;. 7

l II. I6
2.I.

13. 0

1.1.0

43. 4
43. 4

43.8

t lte1)pthls.
Area of

i WiiNdth.

Sq.feet. Feet. F'eel. Feet.
.......... .. . . . . . .. . . . . .

.......... .......I........ ................ ... .....I.. . .... ... .. . ... . ..

11~;0,20 47. 0 71. 5 3,072
111l,700 41. 5 6s..s 3, U-iS

...................... .......~~~~~. .. . . .. . . . . . .. .... ...

1.32, (A 6I ct.0o 6 1'

72, 100)

7, i/,;)01

7.1 90)i
70,000
77,00)1
80, 5)'
wO, (m
79, 400

I67, 400
17:',300
170, Z500
17:!, 7(X)
172 71,1
177, CAX)
17s, 104)1
1oX 14A)

aC,5I 2W
GI%(
0.1, 00

IA 100)
I! 1, u0')
01. }00

176, 00
17b, I(:O
17,, 1X)

I 7 '((X

175,101)17!, 160
17,:3 1(X)
181,X)

I 86, 40(
185, 2A)155, .04)@
18J9, 701)
19:1, (A)

Is. 22..S28. 1
2t3. I
24. 1

29. I

:10. 0

31.

3,. I
:71). 5

2.1. 1
55., 6
55.0

.7). 0'57.03
57. 3
23. 0

25. 3
25. 1
231. 1)
21. 8

2..,..
,;0

51,8

2b. 7

5(1. A

36. ;1

*4 I

(0. 1
00. .

sn0.8(

6!1.91

.11 2
40.
-12 0

II. 1
..i.o

1......

~,).o

1 !. 8;

l',I;

4i 1.

7"

1;. S

26. 0,'15.,.

I71. 2

..,.
52;.3

2,72

2, 597
2, 377
2, IA)

I, 1131

" s',,e

3, 113;

I(NO

.1, 105

", 1(7
., 102, ;-,!,;
2, 10.i)

;1,113~

3, 168

:1, 1136
;,1 13.

;$ I 14)

3II

.) ._,,

.., 0(1.-

'I.s:

',;1 15

;; I~i

1N 111

,1 115

* Flanking observations. Same nreas uisetl (or regiIar oh'uervitilon of tlhat diav.
b NVotes lor lto watler ISOO onln l iqh w uter I 97.-- Rier ha k f(ill; ower hii l iat isome placel's oil liel0 ont

Side. Doubleloat.s wereU soIl, the lower o(le ,'! iti .mId3'-olithl, V wlovtieswero of sorvt lat silx-teiths
with Il askell meter, form 'It," whvel N.o'. 2. 4 \1mr -.,lIlotns anlI ret luetiil tilellr ol tioll of

('p)t, 11. 1;. Waterman, C'orps of E'a(I i oewor , s'ere tary Nli.;il.Ii ppl 1IUNer toni oni.l) )ort thIle of
o, neiole rs 197, 1p. 305

Cti81o (Risch(arg section wvl.; at cainepli o lIn forounr years, ahout ont!-ealf 3ill( tUolow the Bielmon't
elevator,

249

MeallI
\'etoe-
ity jer
Seconde,

IFeet.
0. 132
0. 23
U. 17
5. 13
5. 30
6.24
5.30
5.0S3
4.75
4. 0
4. 77
2.02
2.35I,
222
2.22
. 15
203

2.3.5
2. 37

7. 10

8.01
7, 35
7.76

I7. 75v

7. 81
7. '0
1. 2')
1. 40
I . I'
1. 3l

1.14

1.8

(1. 73

I l. :'

9

7. 9.7
7. 86
7. ,,(

D)ischlarge
p~er second~.

Cubic feet,
a'J4.j, 000

'931),000
902,(0
71,!1, 0(X

a 759, 0O0
" 7.12, (NA)
a 751 , W0
67 1,01)074t{(,10004 (130, 000

tl
036 , 0(

wi, wX)
I.17, 64)

163i, 00!

InI, (XX)'152,0(XIoV, 000

151, ()

1,S.. (XX)
1,,2iA), U(XX)
1, 36.', 01X)
I, 269,0()i)
1, 331,I. 0)

I, 1(12, (.x'A)

9'!, VX)92C, ovo
sm, (XwoS.,IXX)

'10l, OCA)S6,0(8X)
*St;'),of87. 0)4)
8S. (A K)I (.4 0
7 1,04)

1, "2280,(x
1, Is , 0'X)
I, 171,oin4l
1, .1 4i
I, I~f,1
1,(1.000

1,41()I, 41 1,
I IS,{rwXl
1,511, CX)
1,40)2, (CO
1,459J, X)

Method.

Double floats.
Meter.

D)0,
Double floats.
Meter.
I)oul)le floats.
M (stOr.

1)onlu Ila.ts.

Meter.
1)o.
D)o.
t.i.

Nieter.
lb,

1s)oohhi baots.
1Do.

Moter.
I )o.
I 1)o.
1)0( Wl floats.
Meter,
I1)
Iou bl IIlfloat i.
'Mbete~r.

D)o.
;)oul lde float i.

Meter.

NI , tor.
I lt.

I wi)H1e floati
MI tevr.

1)o.

D)oullo floats.
NI eter.
) Il l~o lloati.
Mteter.

-



WATRUWAY, ST. LOUIS TO THiE GULF AND) O1IOAQO.

Reults of d'&charge observation., Mituieippi Rivcr-Continued.
aoI0M1,111M.M, It:Y.--Con thmed~t.

(21.0 inlosiSloow Cairo.]
(('ollnibuhli. u. n~. c. gnrig whoiie waro 1a 280., sto nhovo (hol Oftiro (!aIAlfl ptos. Oltbsorvatlonn and reduc-

I ion imidor d direction of Hocrotary MkIkssi.sl O Jlvor Coinnials-slon: 1900, ( apt. M. M. Patrlok; 1901, Capt.11. 1'. Ilowoll; 10:0 afnd 1004, Capt. Wmn. .. Ladue, Corps of JEnginers.I

1.1111t..

I 9(XJ.a
Nov. 7, It, Ill.*, 1). 11l.

8, t. In.
8), p). in

....
9, P. II .

10, I). n.
12, it. Ii..
12, 1j. III.
1901.b

Nov. I11, p. in.
101, 1). In,...
17..
18,u1. ill.
18, 1p. vI.
12, n. I. .

20, 1) 1...21,p1.........
201, t, In.

201, 1). III.
27 ............

1903.
Mar. III, 17...

1505.
Apr. : ..........

4..........
............

611 ...........

d............
7............

Gaivgo
Ing.

I'eet.
12. 6
12.65¢2.612, 6
12. 6
12.8
12..8
1Il. 1
13. 1
12.0
12.8

3.98
:1. tr
3. 0

3, 9)
:1. .'14

3l.XI
3{. 80)
31.78W
3;.72
3.723}.72}
3.71

44. 40

43. IL3
43: .85
.1:3. 12
*5:. 82
.13. 8I)
-.1, to1i

Arna of
Oro ss

.S'q. feet.
1(0,600
92,7W

95, 300)
91,3(X)

92,60092, 600
92,7()
2, 400

92!,4W0

0)7,400
09, 10
07,200
07,31110
(', 100
07,11X)
07,8(X)
00, 4(X)
(0,2X)
07,80
09, WXX)
08.,1(X)
70, 7(X)
110,200

103,200

Dept

NISlo

Feet,
314.0
36.4i35.04
3:1.8:14..11
35. 3

.3. 3
35. 2
36.2

27. 3
28., )
J"7. 5
27. 6
28. 6
28. 2
28. 4
29.0
28,0
28:13
28.8
28,1,
'l i t'.
21. 5

0.01

M.Is

Maxil

62.0
61.6
6,1.0
.'1. ()45. 0
42. I)
63.0
43. 0
6. 0

431. 7
43. 7
43.0
4:3. 2
43.06
4:1.0
43. 1
4:1.
43. 0
4:1.0
4x6.2
44. 2
45.2
44. 2

07. )

Width.

Feet,

2,121
2,021

2, 11222, 622
2,624
2,024
2,026

2, 408
2, 41I
I2, 4142,420)
2,3!90

2S, :191

2,3902,391)
23132, :191)

2, 390

2,396
2, 3W6
3,0il85

19), (112.90 87. 7 3, 116

Il '4i 10 112f 90. I :1, 16
111, 100 02. 0 88. 9 3, I l5
1t59,500 .......................
192,000 058,8 88. 0 3,1315

a Itesllot.i of 1900 In Rlolmort ChI'iof of MaigllIflers, Ilt)l, Stipplomoenl, 5). 137.
b Itmult(s ofNIof 11 IoIReport (,'lilnt of I: Ilgin(enrnq, I8'.p,SIII )5IlII0lIt, 1). 70.
* Ilaskoll motor, rimu It 0.1, 0.2, 0.3, 0.4, and 0.0 delopt 1s All volocitmles roeducl to 0.n dopth,

Chlilfol Eoginrenrs, 1903, Supplaomont p. 11:1.
d 1I1lorpolioted. 1osoilts of M004 In export1helI( of ImgIi niors, 1005, Ipl5.Ienwmtl 1,11p .

(22 miles IbeloNY CAlro.)
(Zero of M,. It. C. S tandil IrdS gigo Is 280.76 ( above the Calro datu111in1pkkil. T dIll( 11111 {nofor corn 1ptilg

(11tin1 arows wO1l at -12:17 oil thile gmigo. IlTho (Ilsh(lIlrpto S(tlionL,p1 (fllidily thm SAlgiOn w thint of 19)4
aflnl Is oppsitto till) town of C' ltImII vllI, K y. VoloclIltIi IIylrOlrwimli (itI P'rlcoIcemo(r No. 38.)

I)Dto,

5006.
Apr. 7...................

S ..................
9 ...................
50.................

Stanll-
ard1
Ilgee.

I et.
42. 1.'
421. 28)1
42. :37

I12, 30

Iim II( cl

....--

Feel. eet
',. ..........1..
+ 3

... .I..........- -- .()$

('ro. .; svot1o0 of (IIlsoiarg.

Area.

Wat cr.

171,3018
184, 638

I ,

&'IIRG,1'2

.,00%.. ..

(|IM11111.

I Sq'/t. 1 Feet.
178 ,049 67.:3
18 ,057 GO6.71I ,I . . .1 .

Dopth.

Feet. Feet. Feet,
7.- 9. 6 1 3,05s
'9. 8 9). 7 1 ,095
.1 91.0 3,096

*1)erived froni 01o". 0otlon of Apr11 9.

250

Mors

Ity per
W(e'011d.

Feet.
2.30
2. 20
2. 30
'2.3
2. 28
2. 36f
2. 41
2. 3.)

'2.30!2.25

1. 031. (.131. 03
1. 1112
1.62

1. 18I bl

1.431. 43
1. 47

7.0I

7.61
7. 41
7.72
7 21
7. 16
7.05

Ilsolioargo
uor iWeolfed.

Cubte /feet
20(1,0(1
2'1)5A, (XX
2 10, OX)
21)4, W)
20?, (XX)
218, (X)
223, (XX)
21!5. IXX
212, X)
WS(, OUO

10),000
103, 00

112,0(M
109",000I QII@ W0
IW (XJO
100,0(O
I (, 00
1(11,000
I011)9,00
106,0(YX)
itS), (X)¢
I0., Q(X)

1, 483,0(X)

1,471,000
1,417,(10
I, um)2, (XX)

I, .13(, (XX)I
,

! ( X

Method.

Meter.
I)o,
I)G.
1)o.

1)o.
1)o.
1)o.
Dbo,

Dwlto.
I)o.
1)o.
1)o.
1)o,
D)o.
1)0,I)o,

1)o.
I)o.

Mloor.
ID)olilo float
Motor.

1)o, C

)o.
l)()III(I- Omi),tc
M,,ter,

1)o.
IDoolulo fI1.luah.
Motor.

oepolt



NVAT1HUtWAY, ST. LOUIS TO ''Iii, GULF AND) (JI1CA0O.

Resultst of discharge obuervuaion8, Mfississippi River-(CouLihuod.
Co0 ^u mfl3US, K Y--'ontlluledl.

latoe.

19

A pr. 7..................
X...................
9..................

flcotr or
fill.

-. ft.-

itt(, W)i8
+ 1, 133

10..........

velfoivty )Iseharg M t 3 a )lrectlorn nd

serpderse.onl. efro. o, , (Wll(o

:see*ll. ,Cu.vt.

7.:1 1, :305, 11; Meter .... ........ i V. Jli0.' t.
7.31I 1,349, 1 .do........ 1.III V. Irlsk.

6. U 1,20J5 8.15 Io..*0.......... 16 75 X. Strong.
/. '2-l) th.......I X Lig t.

(21.6 ii110s. below Ctilro.)
Im. 1t U. ganige at Columbms. Zero Is 280.7( abovo tim C(lro datmi plane. Th'ei realtings glvell Corro-

spitondl to tii 0of dlSulIirrgoo9se(!rvtitlotis. 'T'li rko or fall comiputtil front tho 8 a. ain. rimalding.i D)tumgn
lito for con outinlg dlrtiinnt armis wstitakein (it .13.2 fret otl thIs3 gaug for tto Friebruary osrvo-tlionts tni'1
tit 41.8 (or hltr'r ob rl. rvtitloi.4 'hiio dlk.glilrr(i tloi i rls d( Iii Manirch t d A pdril wais tho sniiu its.

tised li 1903. 'T'liat msed In Febmrary wtu alauti 2(X) f"e(t farther ril) tho river on t1o rIght banik. Over.
bank dusclmarge was mirtasriredl .%M rruh 27. All ovo-rtoank dllschmargvs wuro( (ldernvedl froim hIs ltemLseraire ent.
Overbarik (d1.isc hiarge ww;i onl tlr right antik. Ot)l Mlirclh 24 IPrlco intur No. 38 wvits usil, Onl SMarhel 25
Ilrco ifirter No. 26, wsi mSed Oti Marchl 28 Prlco mtvLetr No. 38 and I Itskoll No. t) wore tised 8l tiltiitio-
otioly. On Mitrelbl 29 l'rlr mnipt r No. 25 rind I laiskll No. () wero used slitmiurltari sly. Oul A poil 1 1Prie
rooters Nos. 245 aind :11' wero used slinilntiuteolosv. WhberimrwtrS wero run slirilmtriarwlosi y llth i rtan
results of Ltbo mimetSti reirtimts uro glvou. '1Tie dlrc ilInti of winrid IS hidl :ttrd y the ligiurv fio chlik (dlal,
XI I o'olwk 1)bedo pstreami andIleooting at downiitro-iam wilrd, VI hliooting an1r ustrearlit whId eto.
ObservaitonS rue ti(itlons inaule inder director of Caprt. O. 1(, I. uk.s h, (Corp3 of (J.Ailiers,.J . A.,
seirtitry MIississippi ItIver Corlninisllon.)

Dnfti~ ~ ~ IirI

Isr
gimtri

190 7. Fft,
Feb1). 2 ................. 13. 20

:1............ ... I2 80

\hIr.-2t. .. . . . .... I. ill
25 .... t.....i19

A2............'II92
2. 11.0I M
29 ' ,!!1.'II,. 10

, 15J. !1rS

... .... .. ... .10
.Ir.

1 ~~~~~319.
If

1007.
Feb. 2....

3........
Muir, 24........

24 ........
20 .......
Is........
29........
30........

Ap\r. 1........
I.......

or fill.

Sq.fIt

.14,i:1,2

'1~1~:A 1,
o-0,

+1. I

+~8,12

.2,1i

Local. Ili 2-1

hours.

,l. 1 1''

.jstI'tl

.~~~~~~~~I
. . ._. ,.

'Nterit D)Isehiarsge
jaovp r src-

l.ec udt

7. 9U 1, 16,0:11
7.70 1,491,020
7.71)
0.81
0.80
7. 18
0.77
7.f)1
0..5 14
0.

1,432, 176
1,277, 7:XI
I1 2119, (ht0
1, 28, 372
1, I 11), 1l
1,2,311, 120
1, 110,070
1, 1.17, 198

Dh-s

lii r

Colllk
....

Cu ft. .20,70.
24, 7J'.
23,618
2'1,710'I, 1, WS2
23, 710
?2,310
10,21'
9,810
8,207

Cros.. suctIon t lschtrrgo,

A rea.

WVate r.

lIe), 120
193, 712
*911 I,:.nA,), (((.'
180i,113:1:
1813, 793I
17(1, 7-M
17(1, (03
175, 490

I619.211

lotal

i
(

lshirgo
of rlIver

Cu .t.
I, 17,13,3.1, 617, :741

1,301,11, 9

1,292, 012
1, 292, (Y.
1, 213, 2:J
1, 12'0, 31,5
1,120, 1 1.1

oiutlow
-tn ....tI'J1111 I.

I I-f t hl.

Mcall1N .-mi

8. /. Fe. Pe!

1I1), 1620 I(0, I Io). I
1111, 972 (1, I 1;I. '9
181,070 M01 610.2
IXSt, 933:1 01 . 1 1;1. I

181,711 W4. I 61.2
177,0f70 8 ").S
177811 .57.05 1

hS, 4'7 1 ! I

1791,334 !5,41I W5 7

4'

Mothd

S"9, ii

92.01
M.

83....

78. 0
78 0

77.00

Wildth.

3, 10)
3, 1)47
3, )57
3, 057
3, O.,7

| , 057
3, 01).7I:J, I!*FJ7

I d li trtl' a id

(ort if

ilutfl

D)onuble floahs..
.... 10MvI!2r .........

..... .

Di)UIoJI( float;,. .
Meter .........
...........
D)onuble floats...
Mo o r .........

. . . 10 .. . . ..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

20

1*1

ISI

IX

Is

18@I'l
18
18

47 iNX. Strong.
-lo Xil. Il ir k.
77
(Jo
.1 VIL. Strong,

1,1
,

..

Il

0I

2511

Stfuld.

_.

4

> ;'J,



WA'l'TEIWAY, ST. LOUlIS 'tO 11k(TIJIA,1H AND OIIIOA(0O.

Results of (dli=chargye observautions, Hississippi River--Coutinued.
CO LUM BU13S, KY.--Couintinod.

(21.6 nIlles b)low Cairo.]

(Phe zero of tho MISSISSIppi RlYer omissionin gaige (it (oluiimbus, Ky., Is 286.70 (cot abovO tho Cairo datiai
plinl. '1'ho gallu readings tabuhited in thu local gauge columns wOrO taken o1 the stan(lard gat)go at
tho tilmo of the (6schargo ob)souvationI.9 '1'lO datuim line for computingdilatumi area. waS taken at 11.20
feet on thO gaugeo. Vhon voIooItIO3 wero measured fi the afternoon, the mnornitig soundings were used,
corrected (or change of stage, Ilaskell meter No. 105, Wlheel No. 1, nid P'ricO mrOter No. 22, wero usod.
Tho mIeters WutaO run at 0.6 dopth and tho lower floats at iild-depth. 'Tihe (lischargo section 1.9 the sanmo as
used in 10041aIn later years; It Is In fror$t of the town of Clolutbmh ICY. Observationis unride Uldl('r
(liroetlon of Capt. ;. U.I,'Ukkesh, Corps of 11-iginemr, U. S. A rIly s'terotarSy,Mississippi Himor CoImi-
sloni. Reductionli ndill(Ier dircfton of First LImeuit C'. It. 1:n1ight , C orps of Eglgincers, U. S. Army,
secretary, MIssissIppi RIver CommIssion.]

Dato.

Oct.
Nov.

Stand-
ard

gailgo.

4,11.Ii.......
4,1). ......m ..

8..........

Oti Ii

";' '. ' .''''''-*'.I,..............

........1 , . ... .

12, at. m ............

1r, 1). mi .

21.
'16

O., ft. Ill1............
O;, 1). Ill ........... .

201..................

213 n..................
22 ..................

D)ate.

I108.
Oot. 31..................
Nov. 1..................

2..................
4, a. In ............
4, 1). in...........
6, ............
r, 1. ............

8.................
9, a. 1............
9, 1 11............

11 ..................
12, n1............
12, in..11...........
13,. Ill............
13. 1). Il............
1I..................

18, ............
18, ............
20.20,..................
21..................
22.................

P'eet.
7. S)

!1*
I.711)

., 20

7I.

1 1. 1)
II). 3

ff. 204X

7. 3
7.2
7. 1

Seotir or
fill.

.Sq.fl.
.... ....
-2, 2.32
-- 2?7.S
........I
.1 f2mt

...:. .....

.I. 670
......1 .

1- 1,m-1

"N

'i):1
, ...... ...

elin
C10ILocal. Ii

,'teef. Il",
7. 70 +

10. TA) I.
II. 2l +
11.2(1 ..

IL S -.IL. 2}: ....11.1IS
11.1" ..
10). 31) --

9. 5..

7I. 16 ....

7,.25

7.20
7. 15

veloiety
peor

Second.

1'eel.
1.89
2. 0)2
2.05
2. 10
2.13
2.22
2. 13
2. 13
2. 17
2. 22
2. 14
2.11
2. 11
2. 11
2.06

188i 1,8113
1.8
1.85

1. 70

Cross sxintion of (liseharge.

Intllo, ...........- ....
2tr. n
irs.1 Water.I

!et .

I.I

1. 3
. I
..3.
.1

.....

. 1:

:0
I,I

K.:i

, I

. I

8q. ft.
81, 180
I83,110
85, 528'
80\, 81,/86,0187

Area,

. lelow
(Intilln,

8Sq. It.
89, 99
87, 763
87, 132
8S1, 815'

8s7, lI ')
8.82...2....I81,,2
S: 922 I' s6, 6t.N.......71........ ..........851,7617 811S, 95X7
81. 513 N,01l

I I..........

M(), i7 179,,162
77,5
77,170
77, 1.0

D)iehargol
1por smcnd.

C0. f.
I63, 8R5
167, 7S6
175,81182.331
181,776
192, 152
18:3,87718, 80.3
188, 10
192,929
181,428
178, 126
178, 024
176, 6,I8
170, 333
151, 65,1
148,714
147,40
1.13,508
1.1i,32813:8,276

" 16.........,.-.. .........IS) : t.S ~..........;'487, 785

. I.. ..I.....81,775.
87,205
87, 2)2S86), J985

J,'eet

33. 7:11. 7
34. !35r, 7
23. 7

31. .'

31.7

31,9
314. 11

31.0?

I.,

Method. .° P

" I
1)onhlo 51015'3.
Moter...........

.1( ..8.............Izt).
i. . (lo .. . . . . .

..... (lo .............
Doulle Ii ts...
Motor .............

.....(1I.
Double floats.
Mlolr .............

D)oli0)lo floats.
Motor .............
D)oublle firifts,..
Mloter ....e..........

..... (1 . . Il. .. .

Double Iloat.s...
Motor .............
......do*...........
..... *(10*...........

25'2

Depth.

datumi.
Maxi-
l1l0s1l. Width,

2.14332, 133
2, -s3:12, 133

2, 133
2, :13

2,533
2,132, 433

2, 1331

'2,13.3

2, *:s:s

37. ( .49 0
36, II . 0
3. 5 1. 0
35. 7 tA) 0

35.8 1.

35, 5 0. 0

3,. 1 48. 0
3.5. 8 4V1. 4
35. 8 47. (135. 8 47.4s

Direction and
force of wl id(i.

1) '
8

12
Il
12
1 1
13
13
12
12
Ill

13

13
12

13
12
12
12
13

'29
j51
:....
i30
47

43
38

*13

38
1....
38

1 3938

1. 1Light.
('n Ill

)o.
X 1. BIrisk.

1)o.
('al 111,

IDo.
XII. 1,lght.

1)o
X. Strong.

xI,s11trong,
VII. dgIglat
strong.

1)o.
I )o.

1)o.
VI. ,light

troni g.

to

to



WATFIRWAY, ST. LOUIS TO THIE GULT? AND) O1TITOAGO,

Results of diseharge observations', Mi~ssin~ippi lRiver---Contintued.

NENV MIAIDlID, MO.

Gau~eAre~i of
Depths. M ea

IDat. rw1811 C rOSs Wi(Ith. Iype

Ing MN Mean
Mnxl.

o IIrd

ISS8" Fee. q. fee. -Feet. 14e. Feel. F1e4.
Dec. 1....... 15.2 126, CMX 21. 3 30.0 5,90I :.) I. .1(

3....... ... 12.8 112,3 wI. 2 9.0.I 3.

4.1...... 12.0 103, (NA) 17. 6 29. 0 6,S73 3, 20

5.11.....I. 3 1W0, 211 17. 1 28.0 -6,8S70 3. 22

6.1.....o 4 97,4100 10. 6 26.0 61, Stb 3. I 1
7.. . . . . . 9, 7 94)-I, 'A10 10, 41 2 3.35 6, 772 3. 23

8........... .2 m1), I13.8 23.1 0 65, 037 1N
lo....... 8.1,200 1.06,63' 301I
II...... .... 8. ,1I I1If.0 22 -.3 ,2 3,08

12....... ... 75,1 I5.2 22.3) 6,217 3. 13

13....... 7. 7 73,!K4) 9. 20, 0 3, C 2. 91(3
7~~~~~~~3.2 1l. 2 2 3, 1

~~7.2 73, I)4W 0 , S(;0 3. 03

6 9 72,8414) 8 2 35, 5 3, 84C 2.1(

18......... 77,3, 0 ). 2(1 .35 3, 'IU2 2. S9
119 . . ....7. 7 1,I X)1) I. 2 62. 0 3, 2.

20.. . ... 7. 2 735, SA) 1I), 26. 6 2. 98)
21...II 7. 6 73,1)00"( 19. 7 26,1) 3I,8 3.0(2
22....... 8.2 78, ilx) 20, 20. 71 3, N7,S 3. 04

28 .......0..

,314 21
8 2 0, , 11")8 3.2

12 ~~~10.2 I77 3

29).10.....I 8 89,1414) "2I 0 3,1(171" 31.1

Jnn. I...... .. 12. 2 97, 4(X 2.1. 7 32. 1 3,:1, I

2..... 12. 1 1(7, '-00X 2.1.7 0 3, 3. 12

...1.1... .K)12 3
0.3

3,9 32 3 2,4...........
11. 93,434K) 2

*1 3,923.I,(i
3 027.. . ..... 1I .2 1(1, t4W) 23.I3 211.65 3, 1(22- 3.31

8 IL.0 93,i 0 X) 23. 30. 3, 920 3. 38

....:. 9(9,800 23.3 :i2.O :1, 919 3.

II..... .. . 1 1 03-, 2 6- 3 2). 5 3, C03 3. 03.

12.. ...... 17. 0 1 1 1,lX) 2.8,)) 341. :, 979 3.'.))
1.1 ...... 1%) 8i 121,IoK 7 38, 0 4,007 4,

165 . ...... 20. 1i I.,12811 X) 32. 1 7 4, .1. -IS

17 . . ... 2I. 1) 1 :1))I , 2414W) 32. .1 40, 0 1, 1)1 "),
1.11....... ... 21. 133, 2(X 33l. 1 40. 0 4,0o23 .1. 64

N..... .... 22. 2 17)), O(X) 28. ; 3 7, 0 6,931I :1.81I
21 . . .... 24. 1 .A77, 100 2911. 7 37, 6, 1(35 3,1)1

22.... .... 241. 178, :1W) 18. 0 5,93I3":. 9.1

23: . .. ... 24. 2 176,90) 129.5 :7. ;,1( 3. 9:1"
2.1.. ........ 173,i 11)( 201.2 3. 86

265 ...... '22. 2 1084,814 ) 28-4 37. 6,9412 3. "I,.
20........ 20.0 I1611, I M 27.)) :13r.0 1:11 3. 72

28.... .... 18. 8 1417, O(XX) 21. 8 33. t
6,2 I 3. 02

209. ..... 18. ,3(X 241. 32. :1 6,1(273',. be)
30...I.1...I9. 1 14,15,W0 24. 831, ,1(26 3. 62

31.. ...... 19.1) lA,300 26. 3 :1:.6 6,919'I 3.70

Yeb). ....... 20.0 160,000 20.3 36.1). 6,9036 3.08

2........ 21.4. 101, 27. 1 34.6- 6,910 31.71
4....... 212. .1 100,700, 28.0 8 6,9-10 3.83

6...... 22. 16C41, 700 28.0 61961,m 3. 81

0. . . ... 22.'0 10.1, NXA 27. 7 36.)0 6,96I0N 3.83I
7........ 21. 1 Ili,% 318) 20. 7 34.1.3 6,:936 87

8........ 19.9 1418,0(8 26. 1 3,2.4- 6,20 3.69

9........ 18.8 1.13,400 26.9. :12. 0 b6,91? 3. 66

I1 .. . .... 1(1l, 126, rAW) 21.3 21), 6,002 3. .1(1

12... . . .. 16. I1-1, 19. 'l 1). 6, 3. 30)
13........ 1:1. Io0, (w4 18. 7 28. 0 6,887 :1:.1i11)
10.... 10..M6 8 1, "o) 21.11 28.0 3, 926 3, 41)1
18.... M0 8.1, 2 1.6 27. 7 3.,01.1 3. 13
19 ...... 11.06 &, NH) 22. 7 21. 0 3,91)2( 3. 64

20........ 14. 8 104, 2(1 20. 3 32. 7 3,906 3.98

21........ 18. 3 118,2) 2 1.)I.0 30.0 3,998 4. 39

22....... 20. 8 1M, ZAR) 26,1)0 3.1.0 6, 9:10 3. 82

The .4or01; of 188889 (IrO printed Ill l(pport C~llf or 1niglnpors, ISM),
oil t~wo 81'OtIoqs II1111i11s apart. '1'he( upper onp1, ca1lle1 h low-wilter sve
1I,o1n( frolln 1Fb. H. to 21, IncoluISVeD. 'I'lwo 1)1 g-waler sevt wI(3 3~ mIlle

rC dI)g.9 tabulated (1r0 (is observed onl the NI. It, C., N. Mildrld galgo )Il
t1ill gauge Is 270.80 fcot abovo tho Cailro (Intidnlpla1111).

1)ischargeo
Per second.

Cubic fet.
433), (XX)

so:1, (XX

112(, (XX)0
2100, WAX

I," (104)

1.233,100
2231, W)4)

(XX)

213, 100)

:i17, (XX)

231.1,114.4)

iMethIIod.

Mevt Pr.
I )o,

1)0.

1)0.

Io,

lb(.

lo.

lb).
(0.

10),
1)0,
lDe.

:1301)1),0( 0.

33:2, (NX)0 lo.

(XX) 1(o.
'I 04 , 0.

: 0,11I 00 1)0.

Il, (MX 1)O.
1411 II)

b')I , O(1( ) 10 .'

c"1(2, (1w ) 110,

702,00X) 1(o.
,

)

070, (44W

, 1D

629,000 1)0.

67-1,004) 1)O.
)8, 1) 0.

641), (XX) D)1.
032, 1)00 1)0.

613,0O4)0 D),

609,004 DIo.
13),000 1D0.

,0(00
:173,1)00

291,000 D)0,
31 1, (XX) D)0.
4135, 0(X) D)1,

lis t1,0)iX)
,31M0 0bser\'otlons were

loln. Wl)II, used( fromn IWe. 13 to Jo)1.

s 111ow New NMadrid. Thew galugo
Morrison LandingI. 'Pho zero of
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WATIhWAY, SiT. LJOA S TO 'TILE GULF AND OII(CAGO.

Re.sults of discihge obucrvutius, Afissi.sippi River- -coitiniued.
NFW MADRID, MO.-- Coutliuod.

Jht.au

Datle. reml({Ing.

2.
,............
,...........
28;, .,,,,.....

I.
2............
1 ............

I
............

{............
'............
s..........

12 ........,,,,.,
I I ............

............

1:............

'1'1

19; .,,,,,,.,!
l1Y
12.............21.... ......... .2..............I
....

28 ............

29. ............

1.,
I,,.

20.......

.u............
s. ...........

1.,

4............

a............
4............
r............8............

S............
t}............

.1............

II............

1. ............

IS.............
19 ..,. ... ..

20 ............

In7............
23".... ........
24..........

2"1),..........
28 ............
27 ............
"21 ............

3o ............
g ............
2(}............

VI.(

25 )............
8............

K............

11............
12) ............
1.2............

13.t.....

23. 8
2.5. 1
215. 6;26. (1)
25. 1
2.5. 1
24. 1)
22.97
'22. 7

21. 7
201. 2L _, 0

(9&, 1IX. 8

18. 4
18.0
17.2
(06. 7
6, '1

I 's. _

IS. tS
1, 1)
I9. 1

IXI. I

Jo. 0
17.:3

105, 1

1J1. I
10. 1
13. 2

15. 1
1I. 8
11. 6
11. 1

13. (1

1,11X
1J. 6

lli. (3

10. 0

17.0
17.0
18.3
18.0
31. l
10.0
14.8
131.7
12. 7

*37.7

:1(0. 2

31 2

I 1)op~ths.
Aren of DVtd
cross Iw\Yd

section. Met a(x I

Sq.feet. Feet. Feet. Fte
170C(AX) 29.0 30.0 54(
178;,8 30.0 38. 0 6,4
I85,IX 31.2 39.0 6,1
187,0CM0 31. 5 39.0 F I
I87,1.00 31.4 39.6 64
MI, ,(O) 30.8 38.8 ,,,1

179, (XX0 30,0 388.0 6,1
1I8,000 28. 3 38.0 6, l
I1b7,200 28. 1 37.0( 64

A14 ,8X0 28.0 37.6 6,1
I67, 1W 281.2 30.7 .S,1
I l;O, AK) 27. 9 38. 0 r), !
1W1,400 27. 6 37.5 5, !
I1,1, I HN) 26.2 35. 7 5,1
119), 'AX) 26, 2 35'. 54"', !
14.'. X) 24. 7 34, 7 6,1
143II 24.3 341.0 64
1 11,0(X) 2'1. 0 33.7 64
1;1!i, (XX) 23.6 i 2. 7 h,,1
131, w) 2!2. 3 :1.?.0 6, !
120,900 22)22.0 I1.8 6,1
127, 4 21. 6 31. U 5, !
125, 40 21,3 31.b 5,

! .)2, 18 21. 2 30, 5 6,1
128, 300 21. 'I 31. 0 64,
141,()0 23.9 33.0 5,,
141,3l0 244 ;33 7 6,,1
14:3,60 24,2 33, 3 6,1
'111,100 2X3.8 3,6 6,1
1:37,84 23.3 32.0 6,1
131,300 22, 2 31. 5 6,1
128 00 21. 7 31.0 ,1
120, 100 21.4 30.3 J,,
123,200 20.0 30. 3 6, 1
123, 100 21. 4 30,3 6,1
123, 200 20.9 30, 3 6, 1
123,900 21. 0 30. 5 6,1
122,8M) 20.0 30. 6 6,
120, 00M 20. 4 30. 3 6,1
118, 700 20,2 29. 7 6,1
116,700 10.8 29.7 6,1
115,200 1V. 0 29,7 6,
112,100 19.1 w.0 6,1
1v,700 18.7 8.0 6,1
107,(XW) 18. 4 27. 3 6,1
1088s(m) 18. 6 28.0 6,I
I 13,22 19. 2 28, 8 6,1
117,100 10.9 20.7 6,1
121, 7lX 20. 6 31.0 6, 1
125, (W8 21. 2 31.0 6, 1
128,400 21.8 32.0 f,!
132,700 22. 4 33.2 6,1
13,04) 23. 1 34.0 6, 1
136i 100 22.8 33.5 6,1
122, 700 20.8 31.6h ,,,
I Ifi, 100 10. 0 2D. 0 6,
108,80) 18.5 27. 8 6,1
102,40 17. 4 20. 3 6,)

239,700 39.6 61. 8 6,
2410600 40.3 62.0 0,
210,900 39. 6 63.0 0,
230,O0 38. 7 62. 6 0,
233,100 38. 3 3.0 0,1
220,2W0 37.3 62.0 0,1

th.5

07
167

t)N'
l)l
517
(47(47
(341
127
(28
(18

M2
105
8)4

(012
XX)o

)11
15

W2
5112

1008)1l
'90

~96%9(7
'97

k1)2

387

380
i92
)06
081
012
)109
)24
)21

380K0370

080

91IN,r

0W

Mean
veloc-
lly I or
seColld

.lFect.
4.00
4.003
4.00
4.08
4.(
4.01
3.01
3. 86;
31. s3

3.82
3. 77
3.75
3. CA

3. 03
3J. C1

3.5543. 63
It. 0)
3. .13

3.407
3.391

3 ....

3. 570
3. 09

3.076
3.47
3.642
3.671
3. 44
3.40
3.3.
3. .1

3. 3j4
3.31

3. .10
3.387

3,3r,1

3. 2Is
3. 3t
3. 30

3. 11'2

3.2
3.31
3. 30)
3. 12
3.3R1

3. 64
3.61
3. 36

3.30

3. 29

3.26

6.65

6.23
6.21
4.76

i)lschargo
er sevolldl.

Cubic feet.
(182~, (XX)
721, 0O0
761, 0(
701,000

VAI, XXx)
73,000

730,11,t(X)70-5,000
01 8, (XX)

o-w4' m',)
li!), (XX)
01)), W()

02iS, (XX

; 2)9,00

14, (wX)
10l 1, (XX)
.16", (X)
'137, X)

.1"I.
000

4s13,(005418t, 000
!'32, (XX)
627, (XNY
51Is, WXX
41(8,000
409, CX0
.142,00'
4137, IX
421,000
4122,0
.12'1,00
420, (X
42)), (X)
407,000

.0,{),((
402', (XX

391,000O

MO.8,OW
:102,0(00
353', (no
:302, (X)O
381,00
4., 000
431, 000
461,00

aNs~, wo492,00
423,000
368, 000
334,000

1,329,000
.....I...I....

1,271,000t, 2;3,S, (X)
1, 211,000
1.0740,

Method.

Motor.
1)o.
1)O.
)o.

)o.

1)0.

)0.I)o.
Dso.
1)o.
1)o.
)0.

D~o.
l)o,
1)0.

1)0.

I)o.
D)o.
Mbo.

1)0,I10,)

lo.

D~o.
D)o.
1)o.
1)0.

1)0.
D)o.

Pbo,

I)o.
1)0.
1)0.

1)M.
1)o.

1Do.
1)0.

I)0.

I10(,

I)o.
1)0,

1)o,
1)o.
1)0.

1)o.
1)0.
I)o.

1)o.

1)0,

I)o.

1)o.

1)o.

1)o.
I)o.

1)0,

1.)0.
1)o.
1)o,

( 'Tho 1890 dlsoharges arQ prInted In tielReport Chilef of Enlnginers, 1890, l. 3167. 'The dlsclarges of 1893

wvill npper lIn Re)ort Chilef of 1E'ngleers for 1894. I'lhe section of 18WO was nt samumno pleo 0s9 the highl-water
seotloti of 138 -0 nuid naboit 3) ;nlies.below Now Mnadrl, Mo. T'he section of 1.S93 wvas also at samuo place.
oxcop)t tliat tlo Kentuoky 011( of section wns )nove(1 u11)stream11 about 200 fcot. Th'le gaugo rendi gps for 1890

nro as observed on ho M. 1B. (3. gouge at Morrdson L~nnding, whoso zero 1s 276.80 feet al)ovo the ('Calro (101t(im1
plamo. 'I'ho roodIngs tabulated for 1893 are ((s observed on the M. It. 0C. gauge at New Madrill, at 11o10t(1 of

t. Jolbis Balyoll, his galge, whIch was e.stablIshle(d ItI Novemiiber, 1892,(Is 1)0bo1t L.3 mlles eolow the gailgo
nt M orrlson tndl Its zero In 276.72 foot al)ovo the Cllro daltun) p)la0o0. Morrlson JLanuidIn PniR1go Wms di-s
co01t1lim((.( Oot, 11, 1803.
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Foh.

Moar.

A p)r.

May

M ar.
Apr.

,1 .......................
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WATLIRWAY, S. LOUTIS TO THlIE, GUI.I1" AND CITICAGO.

ResulIts of discharge observations, Afissisivppi Rivecr--Contimlucd.
Ni\V )MADRIDI), MIO.-Conlimrend.

Date.

189:1.
Fob. 20............

21 ............
22............
23.-
2.1 .......
2,5............
251 ............
2.,

27 ............

285............27............
8...........

8............
Mar. ............

12............
3............2............

3............

5............
(i............

a(Ay I.
I

............

,............
8............
8............

10............W ...........
11 ............
12 ............

12......

13 ............I'l ............

1. ............1:1............

Ifi............
17 ............16............

17.6I7
............

18............

20..........

rely 1llnug.
:ln .

__1.__

:1I. 7
1:3t.321.7
33. 1

.......31.0

:u1. 71
11.7 1

Area of
Oro'S3

sectIon.I

q. f_._
S'Yq, feet.
21 1, tiO)
222, (XX
22.1,000
22(3, 30()
231, 700

1..... .....
239,100

2:13, 3AX)
239t, 3(X)

...
. ... ....314 t (2,2 MX)

. . . .... ....

3 1.7 b 2 12, 0

1:3.0 233:1, VU)
M0. 219, WX)

3 6, 2 ,8

:(3. 6 123, 900

I :17.0) 262,8~(X)
37, 9 208,6(X)

1 22.0,800
:18. I 2( 1, .1()

3I8 I 2 ',8(1O38,() '.? t

..

37. t)

37, 5
37, 5

37. 1

I310.
36.9

21'). i
2CA), 1001

6..7,0w
2 2,: 1(X)

-4 11, '1/12-1, 700
237,000

| I)opls.\ !Aol
Iono.-- 't Moel

Feet,. Pee.l eet. eI't.
3. S. . , 2_1 _ . 1I
3f. 7 1. 0 (,210 6.0
300. 51. ) ,218 5. 29
;36. :1 1. (ii,23; 6. 19
37. 1 6.0 ( 2.11 6.38
. . . I .' . r,.o,o
33. 3 66.)'()' 3,21(1t 5.2'3

....I. ....... .6. 23
:17. 4 67. t60218 6. .1l
M. 3 ,6.8 0,2128 6. 10
., ........ ... 6.11

3. 8 &S. 0 0,2.1 0. 64

38. 8 66.0t , 2A 4 6.28

'W '. ........ I........... 4.80
3 ..8... 0,1261 6. 13
317. 1 gi.6) 6,2 18 6. 241
36. I1 62.t) 0 ',239 4. S.3

3.:1'2. 0 19J. () o, Y228 41. 79
..... ., ,,,4 t.1.

39. 3 1 9. 5 0,'290 6. 1.1
.

l ....... ... ,6.11
1. 3 i562, 0 (1,299 6.41
40. 1 .1,). 0,302 6. 09
.12; ) 61,0 0 ,306 ).fi72
41.7 61.8 (,390 5.01'

.. ,it ..... ........ 1). ,r)4
41.96*].t)2.0() 0,307 6.63,

41.0 6. 1 1006 65,89
.11.2 6.8 30 6. 39

. ........ .. ' ..6;2
11. 2 64.4 0,307) 6.86

6.1
10. 7 61 6 t,307 6.7

.i .... .... .I ... ... r,.n.10. 0 r,3. 0 0,307l 6, 72
391. 8 3.( t0,31)1 . 1i
39. I 51. 0 6,301 6. 41
37. 562.7 6,3()0 6. 28

(70(.1 m0111 holow ('alro.l
(ObservatIons niod redutielon minde. direction of (Capt. M. M,. Patrlck, Corls of EingIleors, secretary Mlssls

si)1)1 lROver ('omlmisslon. ltenport Chlof of EaingIners, 100, 1p. .175, and 1)901, siupplomlent , . 133.
1]askell motor used. New Madrid gaugo, %Ylloso roro Is 276.72 foot alovo tho Calro tuntlonplhlmo

1809

c0t. 18, ft. mi.
18, P. Iml ....
30, a, 1i......

130, P. 111......

8, itn.

1900,

Nov. 13 a. ......
1:, p.P i.Ill
14, a. in.

14, 1' 111.
16, n. in.
16, p. 111....
10, n. Ill.

17, a). in1...
17, 1). 111....

2.80
2.82
2.66
2.006
6.28
6.26

10.6
10.6
10.6

10.4
t). 3
10,2
10.1
10.1
0.9
J. 8

63,200
163,f0001
I m, m0

64,1M
68,000oI 8,000

71,300
171, 4W)

70,3)

l 9, 0D 1

0, 3(0
I ,

l 9, 300Rawo,¢( I

2fi.2
26. 3
25. 3
26. 6

27. 7
27. 7

28. 8
28.0
28. 6

28. 3
28. 4
28. 1

28. 2
28. 2
28. 2

28. 2

32. 0
31.
33.0
32.0
346.

........

44.6
43, 6

4:3.
.12.
44.0
43. 6
43.,0
.12. 6,
.12, 6

.12.

2,1 16)
2,116
2,117
2.117
2,131
2,131.

2,470
2,470
2,170
2,170
2,40
2,463
2,1461
2,101
2,169
2, .1m

1.
1.

1.00

1.

2.20
2. 17

3.12
2.08
3.02
2.
3.07
3.01
22.07
2.0"
2.84
2.76

DO, 0xx)
91,(A
8i), (w
8 9,0)

130, (XX

128, (XX)

222,000
213,00
212,000
209,000
214,000
211,000
200,000
208, 0o
107, 0)
191, (K)

Mtoer.
1)o.

Do.~o'
Rod float:.
Mother.

1)o.
I )o,

I1)0),
1)o.

1)o.
lb.I1)0.,

Do.

* Ohsorver colnsi(ders volooltios too arigh, (n1(( says to reject this (lseollargo.
b Area Irtorpolate(I frouti 2d nod 5th.

255

Discharge
Por second.

Cubfe feet.
1,171, (X))
1, 122, X)
1, 181,000
1,17 1,0(X)
1,2-11,000
1, 172,(X0
1,2.1, 000
1, 2rA), (00
II275,0(X)1, 293, XO
1, 222, (XX)

a I,66, I(X)t
1, 2711, (XX)

1,223,000
1, 07'), ()0

971,'00(
1 '273, (XX)
1, 2731, M(X
17 1, M)
1,.38, (x)
1, 37;, (X)0
1,161,000

1,1821,O0(X)
1, .1.6, wXX
1,62Ih,0(11,,(X),,(XX)|

1, .18,(I1I0

1,469;,0001,178,000

37, (XX)

1,37(,0(X
1,3, ((X)
1,233,000
1, 252.2 (X1W

Method.

Meter.
D)o,
1)o,
1)0.
1)o.

1)0(b1,1 (louts,
Motor.
D)olIlo(lout s.
Meter.

I)o.
D)oulIo IlosIts.
Mother.
)ooliblo loals.

Motor.
D)ol(lbl flonas,
Mer'ter.

1)t.
I)o.
1)6,

Doohle I1o tt(
M otIer.
IDolllnol/ont.S.
Mother,

1)o.
IDo.

1Dollble floats.
Motor.
i)ollhnldoats.
Motor.
D)oubld f(ants.
Motor.

1)O.
D)Oud1lo floats.
Motor.
)ooliol lloat's,

Motor.
D)ouble ftIt.9,
Motor.

1)1,
1)oohlo (loats.,
Motor,

iDo.
iDo.



WATEMRWAY, S'1'. TLOUIS '1') T11E1 GUIF' AND CITlOAGO.

IReslults of (lischarge oblscrveaionl s, .11ihsissippLi River--Continlied.
P(O) INT1' I'LE[1ASANT', MO,

(This series of (11kcl)arge\s Is prlntod In Ropo)rt ('hIf of EnghIwll1ers, 1837, paigo 2816. Tho discharge seetlon
VasI1oe!teiI abill)tI1 itilles )Qlow Po10tII'.1%If) t \1([l11o.,and )bout 13 miDIlt l)&1owV Nowv Maldri(d, Mlo. 'I'to
giuo whoso' readinigls ark)t tsiII"Isoodn'l tlo gauot', Its zoro vaiS 217.28 fot bIiovo tho (Cialro

(,1t illt1010.'L'dThi r~ll lreigs oil tislx gl If,hlow lho 8-foot Stag(' (10 not dIIIfer mlloro thaini 0.4 foot froi
thio r011( hius oil tho Now Maduidrd g'o', lbut, tit hightir s;gos tIho re:ladnIrg8 IinIivato lairgo variatlon ill Slop1
l)etwet'll tho Lwo pljhw's.]

DInle.
j(nilugo ren of
road. (I,VMSS
g_

s 3'ctloil.

1881.

't.YI..
I 15............
20 ............

21.
22 ............

23 ............
§2-1............
25............
27..
12)............
:to ............
:i1 ............
;............

to ..........I(............
II.............
I
............I .

............

IX1'

I5.t............8..
28) ............211 ............

'.... .........*'). . .

28..
1. . . . .

2.,

............

.3, ...

It ...........
12 ...........

I............
-II...........
I(............

1.15

II............iIf'........1:3.... .

'i. ... .. .. .

111...... .. .

21............
,I ............

7...........

9............
2..........

:3... . . .

4f............
1;............

14............
3.

31.

24............
210............
130............
1............

I :4. I);
12:, I

12. 012X. :3
1'' 3)

I I .1,
II I
II. 0

III)s

II) I
S. 3
7.9

7, .1
;1 ,,5

6.7.',. 7
7. '2
7, "

7. _7. 5i
7.

,. '
3i. I

.1. 2
,I. 92:3.1

6. O)33, '!

17. 41

20. 0
:!:3. :32:3, 31

25-. 3)27. 0

27. 8
21.3
2)1.0
1 7. 8

I1.). O'18>. ()

19, :3

11.8
12. 0
1.'. :3
18.7
20.311
22. 0
22. 8
2:3. :3
231. 0
20t, 3
21. 1
26. 6
26.0
21. 3
hI.l I
US, 3

,q. feet,
;'I(HiollH
l~hi, );(\')il3l, I(XM

3111, ))11)
(lii, SO1O3

:6, S.JiO
1( 1, :33Xl
103, 3oX

(3:3, ;(X)

10!3, 23)l

9Iti I(IM

88, 713)
8:3, "si)
7(i6, 20)0

';I ,IXO7:3, 13I)0

()9, 1)1O

117, '2t)13

02t, 381(1

(13,(119)
c:3, 2IN)
71,!tN)

70, IIN)

3131, 001)

w0i, 331)
6:;, I()

6:3, JimX)
l.7, :3)oo
71i, 1)
78, 1313)

I 1-,2W)

12A, COM
1.1 3, (8)
11()'10)
I157, ,)
121, 100
I I6, 2t)0
101, 700
1 3), 1(13

1Im, "11()

31 4,70

831, 00
(l0, IMX)

19, CM)0
127,700

1.1011N,0(19,2(131)
1313, 200
IIl , 33)0

I1IW), 1I)0
167,6001:37, 3)3)
1231,200III ), (103

1 )eplts.

22. )
21. 3)
21. )
r I . O)
20,. 7
21.3

22. 7
2,3) 2
22. ;3
11). 13
19. 2
18. 2

111, .1
1I. 1It,. 31

I I. 1
1:3.
13. 7

123, 7

3:3. 8
ItS. 1

21.' 15

if,..

17.1

15. b
1!6. 01.1. 7

1:3. 8

I2. :3
I23, 3
1'i. I1

1I . ii

2.5, 6

27. 1
:s30. 7
:31. 1
:31. 6

:32. 7

:1. 1
:2s. 0
231.3)
21.7

2:3. 6
23.1.
1.8. 1

13). 6'
22.. 1

27. 31
:3(). 0
:31.8
3s1. 7
36. .1

33 . I

'29. 6}
2S7. 0
'!',.h

In.fail.1)11t111).

P~eet.
:35. 0
:3:. 0

:3:3. 2:3.1.3)

:37.2"
:32.2:32,. .?:12.9

333>. (1
:11). 3s
28, .1
'!X. I
IX. 5

28. 1)
27., 5
27. .'

29. 6
29. 5
2t9. 6

211. (

27. 029i. C
2T,, (3

231. 62,7.0

:3(1. 0
:39. 0

'10.0
42.0
'13. 0
.14.043. 6

1161
:138.0

:36. )

30. O)

29. 0
27. )
28..0
30.1)

:36. 6
40(.0
42.0
412.0
11). 0
41:3. 0
43. )
42.0
42..0
38.0
331.0.34, ti

1., 3125
'1, 12:3
4, 62141 1117;

4,116

41, 022
4,023
4 .1122.1, 31164, (08
.1 (60

.1, 6¶':3

3, b811

1, r8t1
1, 69")
1, (1!
1 683)
1, (1t5
,b698

,I 10,rx1

4, 575

1, 1)1i

.1, 226
4,1811
-1,226

4I, 698
.1, '113
4, 6111
4, c('11

4, (189

41, 3189t

4,091
1 698

*1, (172.
.1, 089
.1, 189
.1, 023
4, (I26

tt76
13, I;XP
'1,3163
*1, 009S
4,3177

4,92
4,0924',099
4,099

'1, 099&

4,099
4,700
4,083
4 (80
4,6603

Mean

itv pxervol('-''j~i

3. 08s

3.02fs

3. 319
3. 11
3. .11

3.70

3. 313
3, 3:33.07
3.61
3,3:35:

3, 19
:I. I()
3. 18
3.10
'3. 11
3. 32

3. 39

3. 327
3i. 24.:1. 'a7
;3.21
3. 10
I3. 14

3I. 22
3.22
,I. 10o
3. 321
3. 29
.1. .10

.1, 8.1
4. )5
.1, 87
6.3)9
6.3)W61(0
61n

.1.024. 42

4.63
4.61
4. .1
3.08
3.71
3.87
4. Ol
^1. 26
4. 22
4.30
4. .10
41. 37
4.88
4.77
4.70
4. 62
4. .13
4. 38
4. 0(
4.04

D)isohlrgo
p)or

second.

Cuble feet,
;451n')t ()0
3531, 000

:3-0, 000
352', (XX()
3.131, 000
3 11, (00
3,1000

363t, (10
3:3 1,000)
;326,(000
295,000
260,000
2:10, (X)
2:3, (8X)
219,0

209, (XX)
19.(X)o

201, (O0
199,)00
230, 0()(
2:36,000
2:30, (XX)
230,38O)

218,0()0
205,000
171,000
1311,0(00I3631, 000
171,000X
18.,(00
211,00
2:37, ()0
27:3, (XX

613,000
712,00
711,0(0
761,000
7(17,(00
810,000
812,000
601,000
(09,000
7486,000
1D7, lXO
610,000
313,000
319,000
3495,000
423,000
610,000(g39,000
012,000
O3, 000
652,000
812,000
17n,000
705,000
723,000
4IC93, 000
6,12,000
48), WXX

Method.

Meter.
l)o,
D)o.
1)o.
1)o.

I)o.)o,
I)o.
M)o.
1)o.Do,
IDo.
)o,

I)o.
D)o.
3)o.

I0o.
I 10,)I)o,lb,

D o,
I)o.

1)0.
1)0.)Q,,

I)o,

,1),

l.o,
I)o.
lM.

1)o,

D>o.
1to.

I)o.
1)o.
1)o.

1)o.
lo.)o,
1)o.
bo.

1)o.
1)o.
1Do.
1)o.
1)o.
IDo.
D)o.
Do,
1)o.
1)o,
1)o.
1)o.
1)o.
1)o.
Do.
1)o.1)o.
I)o.

1)o.
1)o.1)o.
Do.

2 b 6

Oct.

Nov.

I)QC.

1'oh.

Mar.

_

|_.
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IeCsult1s of dis ')harge observation, Mississippi Itiver----Continued.
PLUM POINT IltACII.-ASI P0 IVI' DEMNI).

(Tho llsoliarge section Is loomte(l In Ashport B100(1 bohot 10)00 feet bolowv Mlong 23 'I', $Sirvev of Plum
pointR.leocl, nd ab)out 1,53 miles blowo~ (Ciiro. Olsmorvtions 110(1 red ilewiollns mi r di lect ioll (of \M It. J
first (diStrlct olilcer- by Assilstint 13. 1. Gordoll. 'i'le potige redinigs glivoi 111nhib0lo arethose ofWM. R,
gillgo ct Fultoi, whose zero Is 228,55 feetl atovo thle Cairo ditii01. 'i'ito A milloa gauge roit-2n'.1 onl tho
8th w1Ia 10th11. 'lhere wore 11 velocity stations ondl 21 somidings Onl tile 8th, c1iii 9 volov(ilYIstaitionis 011 10
som)nding1s oilolnte 10th. Floats wore run old timed between ranges 200) feet opart. 'Tiho lowor float wis at
albouit 0.C dopth.]

____ io xl
Widlt

i1iti \l

| eet. Feet, Fedt.
I 3.r .1 1G 1.0 1 ,059

3I9 .0 ti11.0 1 ,05n)1

Meon
voloe-
itv per
second,

Feet.
2. 17
2. 14

D ise orgeo
I plor I otolod,
second.

Cubflefeet.
83,0 i) I1)oldo oo011ts.
82, )tit D)o.

PLUM POINT RFEACl[-1ULJHf, I{TON, A RI.
[Allth1e goatgo readings ore thloso of tho 1F'Iitonj stioidir-i gllgot, whose Zero Is 228,55 feet n)ovo thl Coiro

(faI11 phlI0ll.]

1883.0
flopt. ............

............

5...........

Totitl ........

Oct. 21i............

1)c,8.

,,I

...........

TIotasl ........

8............
8............
8............
I .)l~l......

R ~.Ii...........

Bl.ISP.J

Mor ............

7............
7............

T1'till .......'i'Otn.i.

Mor. 7.........
7............
7............

9To ..........

'I'OInl.....

b 8. 4 21,700 2.S'5 .....' . 10
c8.4 18R,700 ) ...... ... 2.80

. .......m. .....7. 7........ ........ 2. .....(18.4 19,1110 ~:T-7.7.271

b 8. 2 1,20)0 23. 63(i .0 1,029 4. 38
'e8 1 18, S(i) . 7 221,) 2, 1 0 ,'. Ilt

. 8.1 12,0(X) 8.,1 1t). 0 1,110 3.33

.5,1() 11.93O1. O 4,613 3. 89

.b 1X ) 1, 21,0 37. ( 2, 1457 4. 11
c 181.) "t9, 0) 30.6 48.1) 1,087 4:13
d ,. ...... ._ . _: _.. _.

I1,.9 8,4)12iY3.Y13 .1

b 7.2 20,500'................ . ... 1.....
. 7."2 2)*Z(MAW . ....... 1. 11.5. 7. 2 §23{,1NA .. ........ ....1.I67

h7'.2 13,30(m.. .. .. 3.35.7. 2 13,I). ....... 1.02
_
_..
...... .. ...... .. .. .. .... ... ..

k32. 8 1411, 1() ........ (17. ) 2,000 6. 28
1 32. 8 44,001).O .i, 1)0 1,1021 3. 21

.132,8 33,300.. 28.0 1,346 3.

221, 700........0... n,11.(..
. 3:.11 118.70). 7. () 2,1(H) 5. 49
I1. 60 :12, t _._ 2. 1,1)2 3.._ 5_ _

..1 225,(U )...... ...0,15.....

Observations by M. ,t. C. first (list riOt ofilcor. Those of Oct. 211 cnd pqrt of I)ee. 8 redueol 1i spere-
tory'sOcfl1O. P'art of tal)ltionl II Report ('Clif10of nlgileolrS 1b$), 1). 2791, 01(1 ptrt lit ilOport('ReotCh of

Eal"iuIlle&Irs MD1). 26,10.
b ljIIIIOrlojj C1itito.
c N ifililoo honnol1 ,

d 'iI'lllossiso (Ciltte.
C OSCocn ('hn1to.

Observotlons b' M1. It. C. first distriOt, oficor. 'T'abulation, oI)ort. ChIef of EngIneers 185, p). 2709.
p U'hilueol otilsido of Bltutlorton.
i Niii Blill ('liI1til 'i.l .

J M. It. C, Orst district o)fl1cc. 'T'atlaitioni, export (Chie of aingineors 1890, 1). 3218,
k Main river.
I nliot Chutlen

is Is hitllin No. 311 (Cl utle,

It. D)oc. 60, l-.- -17 *

Dote.

1891.
Nov. x............

lo ............

(lu go
r(1Tl
til'g-

lPeet
1.8
1.0

Aron of
IroNs

section.

Sq. feet.
,38, 000
38,40)0

1211,000
5)2, (X0I26f, WOo

201,)000

I18,(Oilt)
2it, J()

21.1,000
2111,(, 0
175I.(1)

1:1, (KHj)

1(), (X)()

38, nnn

26, (X)O
12,000

M .3X2, 1111

1 1:,%({t)

152,0ON)

077, =O)

IDllhlo 0ot051.
D)o,
1)o,

1)o,
1)o,
1)o,

1)o.
1)o.
D)o,
i)o.

Meter.
)o.
)o.

1)0,

)o.
IDo,
1)o,

I)Q,
1)o.
1)o.
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Resut.s of (lisCha(1(/e obser valtion0s3, .ississi/)p)i Rivzer-- -Condtuililled,
PLUM POINT RE 1[l-1) UT11lE RToN, ARIC.---Contlmied.

I
D)ato.

1S)n0.
Mar. 12 ............

12 ............
1.,12 . ^...........

'T'otal .......

Mar. 16............
15............
16............

'1'otal .

1891Ad
JaI1. (;......

(1............
6............

7...........
1............

'1'otal ....
Jail. 211............

27 ............

2l)oa.........

Total2...

J n,29............
28 ........

2S)~t.t............
.ORI, I, . ....,op( X ..........

2)( ........22 i............
20 ............Nov.A......

I() ............

ItI ............

(inn gOGoll ,.

'eel.
"t:11. .2
lt31, 2
c34, 2

b 3I1, 7
031. 7

b.20, I

20.

C2), II

b._ .

1'1. 8

El, 7.

' 2f.X2E,.8

Deopths.
Aron of
e'ross NV~thlt
szel0ton Alcaln. M1 II x(rOSS WI(1t1M111

81., fet. Feed. Feel. Fed.
I 3,;10)) ... (.S.0 2, 100

1.', ;")W ........ (is, ) I , ii'm
:o',() .. . ;08).0 1,:1)20

233, .........,1_.......II, .0

15,1( I'3,10........ 1) 2, O0
1.,1(8.,,,I .. . .17 0 1, 20
:3,,80 ...... 31.0 1,3-It,

102,200) 37. 41 417.0 2,732
., ..~ Wi ... .. ...._._.. .......

I0,900 38. 0 .17. 0 2, 733111,000 13.0 35.O0 I.39
IU9, INot I'll | ,ill), t) lIt:!$
11,7() 12.3 .0 U.,51

.-. ..000......5.......5,082

. 800 32, ')11,02,-;C
1'5,0 17. 0 33, 0 I880
7,000 7. 12, 0 929

110,7..(.... 4.,.

{S, 1 2
I .!. 1 4()) 0 2,11)9514 700f 1 6 7 32, 880O

(0, 0. 5 1 '.2. 0 028

07,200 ......... . 4,503

(13, (100 2(1. i-1, (1 "Is:1j
011,8(1( 25.91 :3-I, 2,385
1(2, 10() 20,.,12 2, , 3, >:1s02:,71)))) 208. :ij' .() " g(

512, 700 21.' 32,1) "2,3S71,700.1, o29.11,2,3711
ti2, -N) 22. 1 ::1002,37(

! "520( 22. 4 2X. 5 2377
52',r 2 . 28, 0 2,37

A'1oenlV0100,-
Ity p0or
second.

I)Isehargo
por

second.

Feel. Cubicfeet,
5.5.,1 850,09),A
3.57 1(!2, IO
:3, 3) 117,,)00
.-.-1, 129,000

5, 70 878,000
:3. 52 17.5,000
3. 1I 117,000

1, 170,000

5. .13. o6 000

3 .41 1 623, MOt)
1. 89. :w0,1(0
3.571 12,0O

-IlI , 0 )027 1 11'(1)th

1- 23,000

- 1(13,00(
I .( I1 1)1,1,8)0X

I1.11 1 17, ))
3.2 20, IH

2. .1 . ...137, .
1.o, )

2. 19 137,I0()
1.58 8I2, 0)
1. 821.8.)

1. 1 70,000

PLUMJ X'l' REACI -.l'l 1/VO N,PONNN.

Obsorvlnlobus (0I1 rw(dImbt ms ly M. It. C. mvrollany'.s ollIWe. ,I'uhoInt1l ouio , Report M. 1t. C., IR11, 1) S,

Iloporlt (oi1 ol'lV a( bst.o IR'1pokINI. it U.,1c"ISM p.71 ''11(1T .1lgOreuIl(gsoi;1 s thoslo ofof th1o 'llholl .. A.
1,. gal go', wh'lo z.oro I 228. 5, f(v t alwvo Ill) Callro 1(t m ik plu1 o.J

1870.
Nov. I29 ....
DVo. I.....

3............

8..........
lo....
1'2,......::.....
III ............
18 ....
lo) .......::'...
22 .......
2a............
28....
31..

8.8
t), 0
9.

11).0
11). 3
11.0
13.11
15. 0

2 1. Ii
2'2. 8

22:
2)1. 7

'23.
27.

81,7(0
8;3, 10

8.2, 1t}1)
8S;, ';(X)
87, 600
88, 1111(0

I, t10)
9,11(X)

117, 001
1 2r)), I0
II21,)()

I I ;-, Iwo
Ill, Im))
1:!', ll)l)
1.s, .8))1

31.0
31.0
33.3
I15. r

.1

317,1)

'1h, 1
17.0
17.2
.11. ()
11.7
'17. 8
I 0. 1

*13.b
12.0
-12.5h
1:1.0

*1 1. 6
17.0
.1l, 5

hli. O
58.0

5r7.5r
.1,5
.',

I,
()

I50 r
01. A

2, 1fi;
2,1 l1
2,4111
2, 175
2,175

') ,185

2, 5511

012,150:1
2, 551

2, 66-I

2, 58fi

3. 11
3, )S
3. 31I
3. 37
3. -12
3. 59

.1. 15

-1.70
5.70
5. 93

5, :13

5. 83|
(0. 31:

2111,04
2" 7,1(00X
272,000

'ils;, tw301)(, (100

3!0,0 ()
:'9:;, (1)
-17S, 0(10

072, 00

71 1, (00
721,000
678,100

09,(00
713,08)0
28, 000

Dsoulo Ilonts.
)b,
)o.

)o.
)o.
)o.
Do.
D)0
)o.

1)o,
I)o.
)0.

Do.
Do.
l)o.

a inIln (iver.
b 1:Iiu1ot ('11Clto.
c 1slalud No. 30 (C111 to.

d Obsorvatlios Iyv N. It. ('. first (dstrIct olllcor. IRed(uc1tion In Jecro(nry's ollice. 'T'abulatlon, Report
ChoIo of Eul lllol 18l92, 1). 3128,

* xlmlot twitl(tlnu1g. '1 hws Is tot( 11dscliirgo of rivor.

258

Alothod.

Mother.
l)o.
1)o,

1)o,

IDo.

1)D,

1)0.Do,
l)o,

1)o,
D)o.

IDo.
1)o,
1)o,
1)o.

1)o,
D)o.

1)0.
1)o.
1)D,
Do.
1)o.1)o,
1)o,
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Res1tts of (disCharye obser lations, MAississippi River- ('Cotitiuoed.
1'L.LM P01INT I'(ACII--F'UL.'I'(N, 'T'ENN.--Contilued.

J l

A

I)uto.

. 1............
X............
!............11)............

15 ............
17 ............27............

1...'.........
t.............
.4............

2:1

.............

211 ............
r ........

7............

............

lo!.........

12 ....

I6............
-I.

18.......

3"O............2............

"............

r 7............

:............
21...........
X3............

11............

27. ............
20 ............

18............
)............

''............
............

...}.........

:10 ............
Itr '............

:1............

.'............

17............

19 ............

2:1............
1............

17............

2-5............

21.*-...

2~ly1.......

26............
2# ............

29.......

[YI.)......

10.......
I......
12 ......
13,......

2).21 .g

(aIgo A ra of __
rt'hhh- 0cr0)'s
Ilg. seCtlofl. metill.

I'eet. Sq. feet. Feet.
28".8 13,,200 5:. 7
27. 7 1:131, 200 61. 7
27.1 1:32,0(0 51. 6
27.9 131,000 51. I
'i1). 2) 1393t'I({MM 1.-1 0
310.2 13114) 51.0
32. 0 1 12, I1 1.il. 8
32. 2 1 15, lo( 5.5.01
32,0 111,0(X) 5,5 i1
31. 1 1384,0010 b3:.o
27. 0 128, 70(0 5(. 1
25.4 125,4001 18. 9
21. : I111,80) 15'. 0
18.,2 1(113,30 I11. )16;.9 1),,,,1 1(1,!z. 7
155 96110(Io 38,1

I15. I 97(1(0 19' 1
II. 1 ((3, 700 37. .1
1,97,207 0 38. 6I
21.6 111,300 41.8
2(. 9 127, -100 19. 6
291. 1 131,000lt 9]4 rt519

31). I 139{S {(,( 5:1. I:12. 3 13(S, ((10 .53, 1

32.1 13,0I , 52.)32!. 8 131. Nll) r:1. 3:12. 1.11,20 51.
:12. :3 135), ;O 52. 7
32. I 13', 1(14, 363. 5

33,1 2 1317, 5(1(0 52. 9
33':. 11 (I14,10 531, 7
:1:. 8 11I2, :'6h) 51. 5
31. 0 112100 5 1,61
3.1.I 111"M, 55.2
3;.1. 1,1150 51|.1
31.0 110,5 531.7
33.1 1 1,2002 55.2
312, 5 1.10,3(10 ")1.0
:-2,9 1 1 10'0 .53. 7
1)9. 7 1:1.1 00 51.3
28.0 P.504) 0110. 0
27, t1 123, 411(117 l
i'7. 1 !12, 18,12.
;11111 12 1,0)1) 17.9
13. 2 121, (10 17.S

2.1. 6 120,14)IO 6.t2
21.2 1 18,910 15. 1
2.1. A 121, 100 4(, 0
2..2I 121, 100 1 6.7
25. 1 122,3(00 17. 4
2?1.9 119,l 10 10. 1
23.9 I I),9No 16;.2
24. 0 121, 1200 .. 7
27. 1 1128,3:() -It). 2
27. 8 1271 0; 19. 7
28. 1:132, 300 150.
29. 0 133:1",o60.51.)
28, 6 132, 70() 50). 7
28.0 131,100 50.2
27.0 1307(10 50.0
25.7 128,160I1Q9.2
21.5 121,500 17.8
2:3. 2 1 1 9, :100 45, 0
20.13 111,300 413. 2
It). 1 11,1((to .12. ()
18. 3 1I(, I(( .11 .1
17.: 1 102,1O I 10, 0
101.7 10I,904) 39.8
ll ) 9 () 3.'3!). 1

5). 7 911). 100 38.8;
,Ir }I 'JestSa I.Y)I 11 1 tvs'(4 38.

15. 3 OS, 201) 38.4

Mx.

1(1(0111.

Peet.
61.
6.0
17. 0
617.0
1511). 0
67. 0

(17, 0137. 0

W(. 1)I 6. O

I 11).1)

.59, 5
5'0.0

5(1,8
112.0
W1. 0
(17, 0
65. 0

I ,9. 0

I 's' 0.
I 9,0C6.19

I ,1)0{6;*. 0}
I70;. 0)70(1)

1)1,1)I 12. 0

I ,;, (1W1. 5

130. 0

611. 0(ill. O

511. 5

1.0I(.0.1()
62. 5
(11, .5

(11, 0
(13. 0
6-2. 5
62. 8

t ill,

Co. 0
67. 0
'55. )

tw1.5

523;. 0
I 5'0. ()

1)6. 0
.0I.19). 0)

SOCO1)t..SClOc Wl

seCo11dftl.

,'"et, Feel. Cuble'
2,578 6. UO 951) 1
2,576 0. 34 8X1l1
2,578 6.1081I
2,582 Ub.b1 859
2,5.'5 0. 09 907C
2,5692 7.37 1,011
2, 95 7.19 1,0Will
2,595 7.2.);3 I,011
2, 100 7. 1: 1,027
2,)11(2 7. 1 1 ,992,
2,519 . :32 807
2,5563i s. tl) 7416
2,5i.5 1. 98 572
2, 530 41. 1 4'I8
2,522 .1.1 1 4.53
2,51l 4. 11 397
2,510

r 1. 08 409
2, 506 3. 95 370
2,513 1. 07 395'
2, 552 6,50 I i129

2,5'81 7.0 95t.'1
595.''D 7. 33 1,025.'2I'.! 'IV 'I. 06{) 9I\'I'

.,, 599 7. (0) I,'I:1)5

., .199 7. 30 1,037
2,597 7. 5,4 1,0(4A)
2, 11'0 7.:30 1,011
2, ,I,,I .7.314 99I
2?,;,l9s 7 17 I ,03
2'', )(I) 7.,56i 1,03'1
2,13.00 7.67 1,011
2,1 (I 7. 01 1, 10.
2, l0 7. 60 1,o0c
2,1 07 7.41 1,1!51
,2,012 7.75 1,117
2,6" 12' 7. 15 1,070
!,615 7.71 1,(KS
20,,)1 7.55 I,089
2, I1377.13 '9.1
,595 11,87 951

2,5814 .11 850(
2, 174 6. lll 830
2,"9,8 6 31 777

i, (02 0., .12 MC(
0!,163(1. 01 75.1

2I'!. ( I . 17 70,
2, -5' 5F5 .67 080
'2, 5,92 6. .5 66)1
'., I0 6. 73 7"'
2,1C03 6.903 ~

2, .I.leD 5. 84l 7(2,6W# .'). 8.1 70)1
2,51)6 6. 561 167
2,i599 0. 08 737
2,; 10 6.3 1 SIN

2" I 11. 5136. 851
2 611 0.63 87;
2,618 0. 70 899i
2,6118 O.667 87'
3,il (3.6,26 82;

12, (;. 13 801
(206,C6 5. 8f9 751
2,C)11 5. 71 711
2, ('0) 5. 31 1X3:
2',578 .1. 78 63:
2" ,r 41. :3 4911i
,5731 4.3111 *I6'
5.1'6 .1. 10 121

12, 558 4. 13 121
2,5.51 3. 90o st

3,)7713(, 361
"..5'7 ;3. . :s

2!.;t 3'. 7i) 3i !

Asrgo
((I.

feet.
11(1(1

1100

()00

000

i, l)00|

.1(00

0{(101

01)0

,000(001
0(10

1,0(X)
,000
.)(00
.(00I,(HW

1,0(4

N.0X)
.00

l(XD

,10()0

1, HOo

lt,(NS

"((Ix

11,(1,,1))0
(i, 00
.11411)7,0(NN).1148)0I,(NN1)1},11410'.1l)80(,0130'.600(7,0(14)

,,(000
',000

1, (001

.11#410)

(.1'10
,', ('(8)

(11)))
IU, (XI)l

Mothod.

1)Dolil10 floats.
I)o.
)o,
Do.
1)o.
D)o.
I O.
D)0.
1)o.
1)o.
1)o.
1)o.
1)o.
1)o.
D10.
D)o.
1Do.

I )o.
D)o.
1)o.
1)o.
DO,
1)O.
D1),
)o.

IDo),
D1o.
1)o.
1)0.1)o,
1)o.
)o.

D)O.
1)o.
D)o.1)o.
1)o.
D)o.

I )o.
D)O.
1)o.
Do.
D)o.
1)O.
1)o.
1)o.
1)o.
1)Q.
1)O.

I )o.
1)o.
1)o.
1)o.
1)o.
1)o.
1)0,
1)o.
1)o.
Do.

I1)0.
1)o.
1)o.

I1)oI)o.
1)o.
1)o.
1)o.
1)0.1,o.
1)o.

I )o.
IlDo

IIo.
1)o.

M



260 WVATEWAOY;j ST. WITH11 T'1'I'TTH (E, IJI ,NI)AN IID lC1 ().

Results J' disrhulryc observations, Mlississippi Riher -(,1 t in uied.

P1,11 OIN'()1NT 1R HACi' ---F"U I,'1'() N, 'I'EN N.--C..onthitnod.

(141

1)4110... . . . .

_ ..... ...... . _... .. .

2sI. .......... I

:1.............Jvlo1. . . . . . . . . ...

., ~~~~~~II

.............

. ......,,.....',...........
,............

........... I

.t,,...........
11............

1.I.... ...

It)'.............
21 .............I8............ I

..I............I
29'.. ............
2............

............

"{............
'!0 ............

I. ............

7............
H............(17............

2-1.
2111
23.4
24.11() . . .,

3" ... .. ..

Au:.I............
It..,..........1t............
1............

1)............

7....

to0............
'1............

8...

1.1 ............
II I .. . .

17 ... .......

'.'7 ...I.........
.I9............
20 .............
281.............

2111'. .. ..........

14............

11.,, 1

111.1
.1,,,,,,,

21:8..1

:10.......
:11l.......

Au'.:. ..,,,
I.9,,,,,,

5. 2...

15. I}

11.(1rll.

8, 8

li7. -1

'Ii.
17. 1

"13

l.81

lX. r2
is, 7

81

.7.84

I7.,
I7. 1
10.7
.0. 1)
58

12. 5I 1.I r

11, 1

I 1i. 2

17.2

8.2

IX. 7!
74, 7'1(1. .!

:!tl. ',

1?1. :1

'!:. (I
'.,? 1.1
'?10, 1)

'!5. 2)

.3,3,#

'!:1. ll

7t s
1-; S
sIt',,,(
I1,. Ii1 1.2{
124. t5
II. 1).
I,1. 1

14,2

11. 8}0). S1
0l. 5

0) .

!l 2
SI 2

8N .1
7. !1
7. 7

Afron of

lie(A oll.

fe8d.ft.
JO, 5110

11, 9110
117, (1ml
t11), 51)11)
li112, 8111)
106,241t)
IolS, 1m(1
107, 500
1(17, -m ()11)17, 11)110)0', I1(1
1):, ow11

Il:', .l0t)
Iis:, lil\t)
91(, 1(111

1((4, -1()41
1(8, 1041
1(8t,2(110
I114, 241(4
I1I)1, 0,
111, '!X)t11 11)1)

II,1:4'4)
I IS, (NH)
12(1, 61()
1''1, ;ol)
12:1,1300123,81(
127I, :IoIoI

1'!(1, 1((

I liS, t;(N)118, ll)

I11 I(.M)
I I(o)s,.,X
1(1). 718!
II :1, 701)
Ill:, 200

1(41, S(8)
llii, l(H)

OS1, I00118}, 0(1w
t):!. (1'1
(9(1, 200

814s, .4(10
Hi8,S;))

SI'!, CM)z

Xl, tHN
811 ,)118

7',), .K((

72,S000

'wt; 3{)

14(1 II)

Feet1. Feel1.
:7. 8 49.0
:17. 7 48. I
:17. O 4>. 5
:s. S .18'
:18,41 59. r5
:114. 11 r9. 0
40.0 f1.5
41, 2 41.0
.1 1 5262.5
12. 0 52. 5
.11,4 61.0
.11.1 53.0

l(). : .5.
I1U. 3 5. (
410. 5 61.5I
.10. 1 5.)

310. 4) It0. b

311 . .41, 5:18. ;1 .111, 0
38. :I 0I(1
17. 8 0,(r

11, ', 50l, 5l
11.2 51.51 1. :1 5'2,. 1

.1:, .165 0

.43, 2 f31.)
2.)) 51.1(1
12.0 ,,5,2.
.1:. 7 5):1.0
-I b :3 fitk {1.
.17. 1 If,. ,
17. I1 II. 5
18, 7 ('0t. 5
h(. 7 C0,) ,5
8, 2 569. 6

.10. 1 51, G
r15.9 50,0
.15, .1 57. 41
31.3 5"I ('
42, 19 ;1(. 0
.1:1.8 51'.0(
418, t5 0
.10. 8 52. 5
4(0. I .5 (1. 0
39, .1 50 0
38 8 111 0
37.8 .17, r
317.1 -.18
37. 8 .1 (1
3s8. 7 18 0
37. 4 4.10
:6. 3 .15. 0
'5 (16 45 0
:31 4-1.0
34. .1 13. 513 0 1:1. r
33.7 ll.0

1'1'.8 13. 032.90 12, O

3.) 7 .1 1. (O
3.!. 7 '12. A
:12,7 .11(1
2. 3 11.5

:1I:1 .11.0

"lt~~~~~~~II 'I'l

.0 .1..

:114) 4)f

\VWldtll.

2,5,51

2,55.13
2, ( 13

2,5(15O
2,571

2, 5,79

O,58)

,575',? ',X12,575
2,5i75

'., M.' I
',!, ',7f,l

2,572

2, (137

2, ,,I I s

:, '411,
',.410)
2, 978

2,581

2, (.14:I

2,54

2, 521
2, 5F,4(I
-', 5',:1

2!, Irlltl

2, (;06

2())

2, l173
2,.4117

2, 521

2, 1 I5

2,A410

2, (512

'!, .'1tl

2, r4,S

2,51)95

2, .,1

.4 pm
12,57
2, 5(3

'I)'X'
'! .' 7V
IF94 .,

2,':11
2*,533:zo

2, 508t
'!, .1.,t.

2,., .'11(,
2, .11(1l

'?, .18.19

2?, l177
i2,4J7:1

NI1VI4411

3. ;X

II t.77

1. 0;t

03
4391

1. 162-1. CA's
.1. 63\

.1. .10

4.3a

I1 19
.I 1.!l

711
11.(81

5, 7
1111O

6, 29

1 .1t
I. 17
.1. 71

.1,811

*1. I4:1
1. II2
1. 81I

4. 0)2

3, 171
5. 70

2. 8.2
0. 7)1
0. '!:1
21, "21

0. 4tl
h. 110

r,. 0.1

.1. ¶1(1

.1.78S
1.51V
4.0{7
:1. 81)S

:1.79
:1. .',t
: :17
3s :18
38. :1''
:1. (15'
3s. 0}:1

2.8
2s. 711

*2.71;

2., 1141

2.30

I) I .el4)rgG
po~r

Cu bic feet,39I ("

:ll¢U1, (Nm
,SO('44)I 41

3f:i,1)0t

4 6't2, MNN
485), W)(
351,(00
4112,481)0

480,40(8)
171,000
41i", IK8)
485',091U)
5031, (XHU

487, (XH)

.15"7, W)
15(1,1l109
.1:,)x, o
.137,1)0

44)1', 11)(1
11(7, 1881
.41) (XX)}1(), (.18
(.1 4,1))1

*I li', (XH)

.17., 04O
.07,117 0
61(1,0{1)(0

fl1,000

7',18(, WOiX0714, 0(m)
7.818(4)
7.28, (0041
.Y()',, (NH)714), (0()

'i,,:q, oix')
7.'t), (o){N741, Io))
(1(1(1, 14)
1;:17,48)

4,1)1,()()

fi0l, (0H)

.1(141,18)
:173, (NX)
IWil, (NN)1

37.1, (N)1
31,0I, (1
310,04X)
all:). (of)

2 947,001
273, 000
2511,1 )()
257,488)
2:13, 481
2:1:,1)00
22l1,0NNI
23'.2, )00
227,000
22(1, OCK)
2111,(1)1

2 11, X)))
21)2,018)1

2.99?, I til)
IIls, (NO1'?1111, 1)1)

11)8S,111111
487,44)411
180,1)181

A0o0o1d.

IDoul.Io (4fl1a3.
D o.
1)o

lo.

lo.
lo.

1)o,
I)o.

)o,
1)o.
)l.

1)o.
Do.
1)4),Oo.
)4o
Db.

lo.

1o,

l(.
11o,
Io.
IDo
Do,

Do.
D)o
Do.

1)44
1)0.,

1),
)o.

IDo.1)o
)(,

1)o
lO.

4)4).)o.
)o.

D~o,
IDo
lD.
)o,

~o.)o.lb,
lb,

lb.

IDo
1)4).4)0.

)o.
)o.

lb.4')O.

.. _ . . . .

'I
J



NVATI'k10 AY, S1'P, T,01!IS' TP( 'T1I (I'IJUI,F A N 1) ('I I('A(. 2G1
1Remuits of dischirye, obst-rcatios, AMisissippi fIv'jer-- 011(jnt11(d(

10, Fat~~In. vc.,1ioI M~e. 'XI.0 SOW

.1 ,, :0t17 40) 2 , Iloib:1.100 loIatt
..... .* 0 7-1, 2( M 311 .10 () 2, 464 2. 20Ii I ~,4100 I )4.

6, 7 72 IWO 29G0 :b 2,1065 2.20) (fI,(X)0 I )o.
... C-, 7 72 ¶;0() 2 ). 5 :9.1) I0~ 2 22 I1,I (XX) Do.

m .......) . 4 1.1 7 (ff) 1(1. 39. 0 21472 2:17 I',,, (XX lo.
........ .7. 76,3:1() :11. s 3ii1. 0 2,478 2. 1)O w(., (W Do.
.......... S 0 314) :1,1 4-1. (4.002, IA4 2. A9 2031, ON) D~o.
........... S, 1 T,~700 3I. .11. 0 2, .is8 2. 5S 244. (XOiX) D)0,

..... X)0 :1I. 1 11. 0 2,.00 2.068 D0,00).
1 . 0 (1 01,0(X) ~~~~~~~I's8 I0. 5 2, ') 2. 76 24x)( D40,'I, I Si, 1(X) :12., 1 42. .5 2,7"02 2 .-:53 22'N (4(X Do.

O sf1 sf40 (2, 3 12.1) 2, 7.04 2.98I .. 1, m)4) IDo.
11)1 84, 400 :3.4 j*(1. *, ) 2,0 It. ((2

;1
27 ,0 0 ifo

I s OX :n,33. 1 -13.1-) 2,d'OS :1.
02 27f2, (No) Do

... .... If) so)~f :1)1 i 1 .. 2) 1 ( 27,(X ()

........ III 1) 5 ISIN) (1.1)3I 1:1.I1) 2, ',(I) :1, 15 270, (NM) 1(f.
13..........iW 0(X) 3.1. i 11. 0 2,511 :1.209 2 7.7, (X ) 1(o.

Ill'..1) 2 70 M:. 31 4:1.0 2I, 5I 0 3,02. 2S:1, (X) D o,*II.... 9 SI , ()m :12. .1 .12.1) 2, ff02) 2.57 281I: , (Xl' 11o.
*.~....... 901 '04 X) :12.:1 .I11.5 2, 405 2.70 21 s, IN I ) o.

20 4.... 7II/ RIf04 1(IA 4.1.5 3, -S I 2. i5 1940, IX'(I lb.
21. 5 /l .1(1.~~~~~~3011-R5 2, 1742..1fX) 1f

.1(X) u. 4I. 0 2, .178 22, (KIl4 ) D~o.
.... 7 I1 7If,' (A) 31, ) .1(4,0 2,409 10 I1S,fINX) D)0.

IX :1(4,1 410 0 240.7 2.i 171,cw0 1()

"S. 1 72' I:(X) 12 "II 31) f 2., 45'4 2. 10) If,7,)I9xX) D1,,
........... 1 73 1114) 2 , vI I) VI,,7 loIt' X1) Poff
I...... ffI)110.,I .i 5 -2, .1Sf, 2, 1:1 15,04lMW,

30,I f, 2, 15S .I f 4 ()
I1.....2 78, ¶404)1 11) 2,15 2. 315 1 70(I)DIf,
.......... 0.06 1:17, 7(X) 24 39:1. ., 2 ,(I 2.114 1 741 0( Dof,
............ ) 71,5(X) :i) 40,i 1f 1) 2, 1 :3 2. :,17 177,1 (OIXf)D,
S . 7. ~~~~~Ii71,1() :10. 3 .10. 0 2,401 2,.1:4 's1,X) 1(0D.

.....2.... .? 114111)0W 9.9 71.2 r 2,7:7 ix Cn I, 41 1,0(X) D~o,
........... V..7 I I0, "IN~f) I'l.06 7 1 0i 12,7:17 N, 414 I -1,w.1 0 Do1,

\ 2 .1.4r. ? ........ 0 2.4 77.S 2,067 1 0 28 IffiT1, tA4) lb,.
H9.......11.5I. I02 701) 010.8 .71 S 2,0671 7. S4 1, 275', NMX Ito,,

A251.:1).31112,5X) 6 I. 7 SO. 02, 78 7. .105 1, "218,I1w1) Dof,
........ . .1. 1 2,3MN ;4 7 , 7:1.1) 2, 67:3 7, 1,1II011A) )0.

Nti ........ . !1), If1( ')f,. 71.7 2,7:1i 7.2:1 I 1,1171)( D10,
o........?S, 4 iS;,14)4) .*s,1 2 72.1 2,01 7.2 1, 122,4(COO o,
9 . I 2~~~~, ~4 2119,14 0311O

2.1....... 1) 1 .2.' 13121 :,. ..... ..... 931(X))) 1)1).
Junl) 21 . . . . . . 1.-I ]I ,:0 . . .. . . . . . . -I. 111 f¶! (4, IX 1)4),Do

........ i1l, 2~ 112,'2410......... ..... 30iWO 1(
,Cecil(,............11. 1.) J~~jl, ;00 ........1I1 S

5 , wXX DIf,
Nfl',v. 12........ S 7 87,04...X.. 2,170 2. :1' 207, (XX)

IS....... 7. 11 4015, 04) .2. 1740 2.14 2(4:, (XX
10I....... 7. 5 11(1, 2(1X) . 2,io 2i.4ff, I44:1,000
2)..... 7,. .142?, 2(X)4......... , 420o 2, 1.1 1I096.X)
2,1. 11.9 110. fiIX) . ~~~~~~~~~~~~~~2,.15 5 1.0 172.,0100

2s....... 7.2 92,111) .2, 1.175 2. 1.1 202,1)00
1)ee.8 .0......3 187, 7(X) .2, .121.5 1.1).1 170,0410

9...... .1.b 8 88,041) 2,42(0 1. 90l 17:1, (wX
12....... 6.5 87,204) . 2), 121) 19 1500410

o Observations 1854,85 by M. It. C. fOrst tdlsi ft, oiIll'r. Report an(11I1tabu11(0o). 1Report Cheft, of Krigi.
Inoers, 1355.', page 2709. ke~sil s of fin141 reduloftn11 of 4)1 sfrvfitt os to Nhi4.)'9 jI sevroltry's officv. ReportCthlf Of Ei~ghic~ers PM8, palgil 20418.

1' If SomI0111s tl~n 11)0 foIllowing ilny flr0 htolr polated, this arva wIll ifo 1lnfrf'usel nen~rly 2,0(X) fat.
cT'Il'jso wldth~s l)o 11ot precise, m', thoi witter'i Of Igo wws0. niot oxiietly locautif.
d 8o)udi~ngs were luke)) AprF 20, a11( co'rrected(I or ehanlgo of gatlgiN.
* iolil 1)1 itgs were nken May 8 111)1 (2onl2fIof il for ehange of 11411go.
/1 cmln of Island1 3.1. Thi)s septlon \\wus wldo Ililfi shIllofw-. (le oppositto(f the other. TI'ey wvoro so sti.h

Atd(11ff)I a IgI1,g11I 11(011) w105 P(11l11V1le))t to (21121 .' i su1'loer:ed 'Ill)n tan1 thon1 o1) fts vroi . TlhI
fllip, :wcftlo1f) 'SIvw (40t S11)1t,!,(4 )I fitI)179-S4)

v Oui~go reain(1Ig wI.j tfrref.1Ied by MIr. So 9 11)11 from 1)101.,



WAT1ERWAY, ST. LOUIS TO THiE, (ITUIF' ANI) ('II11(M'o.\(

ResulIts of d1184halrqe obser Pal ?o)(, 3fissis.sippi Riv(r-- 11otinueid.

PL~UMN POINT R~EACAIl-FVUITION, T1EN N.- ('outhluvd.

(Inugo Arva of _____I)Ih1(rgl3
,Date. r'eIVl. (I 0,i Wid lb. Ipr pvr Met hod.

Ing. section'. Mseco Seod.

I1,`~5.,I eel. S~q. ferd Fee. Feet. Peel. reel. Cable feel.
Jail. 9I.... 2,2. 2 1311, 104 ......... 2, 5SO ;,. 10 669, 000

19,....... 27. 0 I13i, 900 ...... ....... 0 0. -is (133, 0Om
Mar. 21 ....... 23. 9 133,3 ...... ... 2. 201 5. II7 754, 000 D~ou hi' floats.
Apr. '........ i '. S 1I),10,1) .....2,5;70 .1. 27 171), 000 IDo.

1....... 23. 5 13 1, 300 ..... 2,0622 5.01 737,000 D~o.

1SS7.
Vol). 25....... 33.0 ...I............. 1, 122,000

Apr. I....... 32.2 155,20( 0. 0 82. 7 12,55 7.01f 1,Om,000iO Motor.

I1S92.C
Apr. 15....... 33:.0 158, 100 (1)1.5 02.0 2, 571) 7. 51 1,19,01).Odouble floilts

10I........ 13 1 157, 800 01. 4 921.7 2,;`70 7. 2' 1, 151,000 lb,
18....... 133.2 17.1, 0 IN. 0 99. 1 2,570 7. :17 1, 28S9, WNY 1)0.
19)........ 13.3 17 1,410 07. 7 93.,7 2,570 7.9ii5 1,382-,00 1)0.
21........ I- 1062,2)10 3. I 1 92. 5 2.,570 7. 09 1, 2 IS00OM Do,
22........ 133.4 I 110, 7(1 57. 1 S2, I 2,570 7.417 1,900Iwrl(o.
2:1....... 33 3 150,10I On. 7 841.0 2, 57(1 7.80 1,21S.)XX) D~o.
25....... 3:1. 5 1:1,40,.1)) 53 1 73,1 7' 2,5A70 8. 00I 1,1)99, 001) Do.
26.3......3. 7I 15, 4:04 on, 2 841. 2,570 7.S9 ,234, 9004) ~
27.:..... 3. 8 157, 2(W) S123:.5 2,570 8, 00 1,207, (HA) 1)4).
2........ 1 . 0 15-1,34(0 60. 0 8.0 21,5101 7. S9 1,21 S,0XOM o.
129....... :11, 2 153, 014 I 5I9.5 85,.1 2,570 S.1)1 1, 2-20,004) Ilo
:1))........ 11 2 157,0WOI 1.1I 81.1 2,570 7(4:1 1, 2m5 00I Do,

May ........ 1I31. 2 160,9) 02, .1 S.' :1 2,3701 8. 0% 1, 2 S,,, (XXD)
:1....... 34. 2 158s,80) 01. 8 80.3 2,570) 8, (S 1, 28:1,000 D)o.

I 8931,A
F].243....... 310.0 1,53 700 17. 0 70. 0 1,208 .31 070,000 D)o.2'1...2 ...... 0, 52, .04I 10, 1 (001; ,2418 0., 90 1,951,00.0IX D6s.

128 . . :11.1 1:16, 7(X) .1)1.9 71. 1 31,2701 11,91 10204
Xfar. I......... . 7 17,3001 S.10 (19. 3 :1,"278 7. 19 1, 1311,01()4)

2....... :11I 100,"S40).9. 1 it7.1. 5 3,278 0. 82 1, 097,0410 1)4.
:....... :12.) 1063, .1(X) '19. 8 7:1.8 :1,282.
4 :12.2 10:1~~~6, 000 9 8 75, . 3I, .'Sl D.1124,00 10
41.~~~~~;f118 1co, tN) 49.0 75.0 3,281 0.7)1 1,08S8, (W) 1)0.
'11. M~:1.1 515, Mil) 418. .1 7:1,8 3,272 I). (17 1, 037,00 1)0,o

May 5,. :::: :2, 8 I 1, 100) .19. 5 7:1.3 31,293 0. A4) 1, 120,000 D)0,
........I :3,9 101, 704) f)50. 715,1) 3,2911 7. as 1,225,000 1)4.

lo........ :1 I10, 000 57, 8 714. 5 3,200 7. 03 1, I10,00(') D o,
1 ........ :3n. & 175,800 !,31, 3 7:1.8 :1,296 7. 19 1, 2t%, 04) lb,
13:........ :1 1. 0 1721,500 52. 3 77,, 0 :1,290 7, 310 1, 27o. M() 1)(,
It, ........ 31. 0I 175 10 5:1, 1 7)1. 7 :I, 297 4). 90 1, 205 D()).
7... 1111 7710) 53,I 8 7I0. 1 I, 29.7 7. 11 1, 2i 2, 0() )0

. ~~~~~3;,.1 171,900 52. 1 72. 2 :1,297 6. 71 1, I v, (X ) D)0.2:1.....:.. :1,3 1 1614, 400 150.65 71. 1 3,297 0.60G 1,0w.1s,0() IDo.

os Observations and( [ed1(Itlofl by KJ R. C. first dlistrlet olfiler. T1ablmlallou from Oct. 7,1 ,to Feb. 26,
1887,uiot. heretofore ptil'ished. NIldths from Oct. 7, 18$,*l to Janl. 19, .85, 5c4l1cd fromi fieldsJ4)1,ot8~.

b TIabulation for 1891 inl R~eport Chlef' of Emgilnvers I S91892, npa 319
C Section of 892. Is about ;5,000 fel't 411)0 e tlo' la111d lg at Ilion01, anld 1 600( (ci! above thant used Inl 1879 .S0.

'1'abiulatlol fit Rteport Chldle of EungIiners, 18903, pag4' 3:108:1 Report ol 01 450r'Vit( l0n1, Ibld. p(1g4 :10144.
d T1'euuessec o04 of 189:1 sect toil Is 1 .00) fee( belowv Fulton Lmauidi u. 01I'servat ions by) MI. 1t. C'. fIrst dIts-

trIct ofllcor, 14e~duetlon of o)1servatftlos o)f 1891, 1892, awl 1893 Ilo secrotnry's uIllve. 'abulationl of 189:1
oIbservationls III 14c1)ort Chlef of Edighwecrs, 189.l, p(1);. '2627.



NVAT,'I'V\VAY, I". 1LOTUI'S TOflT I (.W1"!*A\NiG)AND CHWAGO.

Results of (lisfchare obserratioiU, .ftimxi1s)ipIpiRiver
2 '3

Cm.j1tit (led.

1:l',M N1 I, '1'l'rN N.

(DI)seohnrgo soetlon, 191, tit foot of north 1nlu of Builtter stroot, Memliphills. 'Tollin.,; atlotL1 r r ltM', parsi]l l to
mid 34) ft(eel below this wivs wte1si for tIimitut, lots. Lower oatat wlS ' t 10i lieptilI. 01.' tVatilltS :11ul
re(tltlolt nitlu mlinier li1ri4fion of M. It . e. i 1st rit tll i 41 v A.\ ;t ti W t. / I0'. Ihas1 Ings
oil tho U, S. 1i igluveer gaige tro' gi vetiilt tab le. 'T'lwro were 12 velovl 'v statiolls alt 10 souit t(llgs ot
tilo 8lI, amnd 11) velocity sttltollts 51141 15-) soll'ilimts oil the1 Wi tll.)

)ato. I

Q'I.1,
D)c. 29............

31...........

Areti of
ro)ss

sectl ioll.

.Sq. fetI.
4p). 70)
75, 24)X)

7,. 1400
2'5, N))
2 5I1, 04)A)

l.i,.13 .)
1'2,5440)

I ,;I', ,rAX )

I I.S, i1)4
151. 5414

'v), 7zz

I IN'S,tm
1 I4(A)
II 1_I)
l .'.! I44444

*,44 .44141
4'114, Six)
k1. 2444)

66, 7Md

2.1 N)4
444)

4,4,4 Itd

tjl, lt~i4

1,;.
14)4)

;5,,.,441
tiI, lt444'

1,9 71, 500I

547, 1I)4
57I,l,

1 )nt hs.l;

.__ __ e .

. .. .. . .,

.. . . ..

. . . .

.I.. .. ...

.6, 4) 10)7.) 2,8591.! 1474 2 5

', loS. 44 ".',1
48' 1449.4) l2 Ns I1

hI 1 1407.1) 2 I85
::3 3 1448.)2}..',S:
5 1 " 1441i.4) ' ?,\;1
'1. " 1054).1) ' ',.', I51
,: 1 It I. i) 2?. S.51
.'.;: 14)1.44 ,?,Nt1

.1 4) 4.47. 4) '2, \St;

.I1 :4.5.. I
.1 4 10. 44 2),8!...11
4.1 71.44 1, ',2.
34" I 71.1)71 I.
:48 1 71, 1I ,.
T' . I';.' .s2.?
37. 3 76. () I. 741!

6. 9. t '1.4. 4)I 1. 78
: 44 7l. II) , >4,,

;4I. 1 ti'i{71)0 ,iU,7.2
.41

I

4i.0 1.
1

441 .1 4,5 1, 7o2;ltip I ! , lYS'i I,';t s
34, .1 71,) 1.759
:V1t i) CM-5 1,701
:47.2 741,4) 1, 702;ti7, i; ;11, 1 N3}if*:4i. 2 714.4 I, 7;8

413.8 83. 0 1,0631

38ti. ',,?, 75.0 1.180:48.8t 75.4,)l I,1.18

NI 'aSll I) uil-hargo)
\s4c1lld-

W,,, ,,. 1 ..

Fe<el. CW:.ftelfJit
-1. ;32 4itI, i40)
.1. ;34) 323, LKX)

1.146 10,04)4)

Nlothodt.

IDotilli' iloats,
IDo.

1 Do'1.7-,5 1, 117 tNX)4) I)o.
1. 78' I, I Jit404) ,Io

8. 341
S. '!

S ,,

5 I)
8, Wi'

S .',t
S. S;',

.8, IS

8. lIs

1. 78
1. 1'))
1. 444

1. s,2
1. ;1
1. Il

1. (2
1. IS

I. ;,

1. 53

1. ,',

I. Ist

. I1
1. 41

1.53

1.1-1
I,10t

I.,
I1.
I1I
I1I
I.I
I1,
I1I
I
I1I
I1I1,

II
I1I
I1I

:i:45.4), Meter.
.2;:3, ixa) I }o.
.;I I,-,, INX) I Io.
,`32 , litX) IDo.
2,:4I,4 4X) I)0.

N41e.,444) I1o,
2'421,4)0) D)o,
,'.1,444 )o.

2",'), 444 bI,

`7.S444) I)o,
1',4)4)44i I 14

It1l4!444.) 144a),00: tfN)t) D>,.
ItsllKx I~o,.

118,44X4 ) lo,.

II)4,4140 I141,.9141 X4) 10.

ps), INItO Io}f,1.6, 4444)I 11
t!I¶,4) 14I ),

9'10,44 Ito,l'1 .)14) 11)o,
44444I Im)I lot

1I( N414Ml lb,

19,404) 1)0ll, oas

81,444) I lo.

a 1)isollargo secllon oil titlher slilo of Presidnt44141s Islislatl. 'I'lolhtI ohl, 1Itptrt, (ChItf of dlttiers, 188 1,
pagoe 2MIA0 Observatilts 1lld reductIom liv NI. it. 1', soleod dlstrivil ollicer.

b IMsolthargoseetltoi 184)4), was 411)0o(l 3,54)4 feet t lovo1444 lbrl(lgo, ()O ler ,atl otsn um I rel1t441f1o )tb I.M R ',

430c4t4 dllst cl Loill vr. 'T'a htlihtion a1)1d rliportorlt olserv t vlots iln Report. C llefof 1Engillo-.rsJ .4 ,JxlW) , 32l7.
c Th1io low- wlwer sootloni of 18t1 aotl 1 'bov Iliwt Ilgh-wol4er l44et Ion, whIc wii4s li, 5l11444 ais Ini

1890. 'I'rtullhaton in lReport I ht(- of E.'utwIllters. 1842,pa'', 31291, lep otlrtl)41oilsoervsi 1144s, I lhtiem4, pag 3 18.

Obsorvlatlolts hvb I.1 1. (, s4e14owl ullstrIct '4:i er. Ike 11(lleln11In crot atlrv's oil4 0,

J &e'tfloll of li392 S 0ll OS 1ll 1894.1 41441l 189,11. jlRo u1tCitlCid of lg 't S, 1.8144 , pitilg 2858.

lug.

9,8

14). I

32), 3

33. 3

35. 41
5, 52
.1. 7

:25, 0:iS'. 01

;.45. 3

:ts :.'

31;. :i
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3'. 0
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1.7¶
1.8
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1.3s1.3
.1.1
1,8
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\VAT'I'RWAY, ST. LOUTS 'T'O1T'IIE (JIIJL' AND OlrIaAGO.

Resul t f(ojiis('Ihrlryc obser nations, Mississippi River- Conit.iueod.

M EM P11IS, TPENN.-Continutel.

(230 InIltme bolow Cairo.)
(D)tselharge section is at samlo pilaen as lin , wlilhel is about :3,0 feet ahovo the brldidgn. Readings from

upi(ted( statvS E rigiwicer gIwIho,whose zvro Is 203.97 feot aibovo Cairo datuim. I'rico illuter luskle
Olservations iadlio miiider dlireotioll of Ist al( 241 district olliver, .l. It. C, Hop)ort Chlef of E1gilnleers,
lS'J6, pa,,g 3s.,,-, I

I)ato.

189S5.
Oct. 21 .............

22,.............

(aligo
re: Ii -
Ing.

Feet.
--1.7
-1.8

Axroa of
cross

sectioul.

Sq. fe't.
IN, 01)
5,8, 300

D)opths. MciVan

Moaentl. MInxl- fYI\ Itll Ity per

Feet. Feet. Feet. Feet.
36, 8 GS 1, 573 1.,2
37. 1 67 1,673 1 5

(231 miilos bolow Calro,]

[Observatlols and redutielon unier lireeetion of Capt. B, W,'. Vall . 1.esu , Corps of Mi)gslcors,Mississippi
l ver C'ommiiilssion SecOO1n (listrlot ollleor. 'Ilie discharge seet ion Is aho it 1,000 feet abovo tho MNillc-
hi'j's bridge, \'Vlwiutls it mailn river woro measured wvl tL a Price current moter, ovorbank veloviltles
wero inIcastired with siirfauo lloats. Mom phis U. 1, Englnoor gauge, whose zoro is 203.97 feet above tho
Cairo 'Inat11m1 plankW. Report Chief of Eniginvers, 105.]

(nlmg Areol of

)ate. rea( eross
g. sec tionu.

I100. Feet.t, q. ft.
Ap i' 9........ 38, I 1'53, 7(X

..

_ __ s. .e._ ti. all Disclhargo per seond. to.

_idt,_ \ ztvolov8_. Meho,SltX)
Maxi- ~Ity per

Meall. M11l11 secomil. Itiver. Bank. 'T'otal.

'eet, Feet. Feet, Yeet. (.'1 /,'1feet, ft Culbic/eet.
ii1. 2, 13?1 (;( 1, 'm1i,iX li"o ," I b 1, 618,01K) M a ni

8U,'2.8 eitIi dofvot per seiemi d of thIs overhnk (IIseIhargo vis. tl roll tilt)oponills ili Frlsco it. It., from
bridge it) St. I` raniIs leveeI,

b If two sll! ings1in1Itih mali) rivor, (luestloinv! by the observer, nri: roiJie1tvd, thli total disoliargo would
bo I,#1 865. cn Ie! lot por Socon1d.

11AM P'1ON LA ND)MNI, ARK.

Section about 12 miles bolow Mom pius. 'Piio gaugo tabullated Was established oln tho Arkansas side near
tho siceLion, Iis zero wmsi .140) feet -)low thil.zero of tho Memphis slatidard guige. Seunrijugs were taken
emily oii tioos'' vhi (or whsiel tho depths nro talulated, Obsrvatlions tkn uiiifr (li) direct ion of
miaJ. V, IL. It, Ionvyaurd '1T11latiomi, Report Chief of E gihweers, WS7, 1). 2707. Import oil oIserva.
tions, Report (Chief of Emngners, 1887, 1). 2701.]

)ato,

1878.
W)ee. 23............

27 ............

31.

1870.
st)r. 18............

22............
z21............
2-1 ............
30 ............

Feb. 2............
I............g............
............

8............
12............

18............
19.......

real-
in g.

Pleel.
20. 0Wst. 9
15fi.2
10.0

13.8

2!,.0
2i.
2.9y. S2611.

25. 4

2.5.3
25.3
25. 7

27.0
25. 4

21.
IV.8

A rea of
vross

sectioii.

Sq.Jt.
1m, ;00
12.,I l(.
110, 700

00,

10, 000

I1.,(, 700
1R), I1O
172,400
187,400
178,(000
172, 70()
172, 21)0
172,200
171, 1)0

170, 000

172, 700
lI Il, 7()(
141, 00

Dept hin

M oanl. a i

l'eet.

20.4

.6

3-.1. 1..

:z4.1
......I..

........

.11.0

I........... ...

}'eet.
37.2

............. i8i
30.0
10.6

........

........I17.0

................

... I.......... ...........I........,

| s ean

Secondi.

F'f 1.

.1, M11

........
4,183

4, f09l

. 11:1

3. US
........

......I..

........

1.80

4..
1

4. b
4.5b
4.-i
4.00
4,60

4. 47

DIschargo
per

secoii(l.

Iublefeet.

40 1,000
............

838, (XX)

........-...

778, 0()

782,000
801,000
826^,000
772 000

.....i.,....

Metho(l.

D)olble floats,
Do).
D)o
1)o.

Do.
Do.

1)o.
1)o.
1)o,

D)o.
lDo
)o,

1)o,IDo.Do.
1)o.
1)o.
)o.

1)O.
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1) Isvhiargo
per

S('cild(.,

Cib,bfeet.
8%, 000
90, (wX)

Ntoll1o11

.Mltor,
Do,

I~
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Results of dlischalrge observa4tions, Miss~issippi TRver--Continlued.

11AMPT"1ON LANIDING, A RK.-Con(Intoed.

01-ameAteaofMean Discharge
Date. (rf,Vf cr.\~ioS ___V__- Id th. voloc- per Mothod,

li sec~tlio. Miax1. Ity per s~odAMecn. second.

1879. Fedr. [Sq.feet, Fedt Feet. Feel. Feel. Cubic feel.
Feb. 20....... 18.2 13 1, 700 ...... I. .. . 3.1)8 W3, (XXI Double floilts,
21...... 17.0 120,3W(X) .. .... .... 3.83 -195, 00 D)0.
241...... 17.7 132,100 .............. 3.96 6241,000 Do,
2s........ 19.0 138,300 ......... .... 1.11 668,000 1)O.
....... 10.1 1318,70*~)............ 4. 13 573,000 D~o.

Mar. 6...... 17. 6 .131,60*M............ 3.93 517',o00 1)0.
6........17.2 130, 100 ...........3.... 1. 2 611,000 DOe.
7........17,1 129,700 ....3............82 496,000 D~o,

II..111....f. 8 12(1, 100 27.0 31.1I 1,609....1)0.......D,
112......... I,1 121,300 ............... 1:.3*l189, 000 Do.
13 ....... 1(1.1 123, (1(1.......3......... 11 180, (10 lDe.
10 ....... (0.13 1319,700 ............. I-. 10 'X81,000 lb,
21 ....... 21. 1, li....x........... 14.28 625,00 1)0D,
2?....... 21.8 I1IhSW ....1....j:,.;I, 436 617,000X lDe,
21 ....... 22,5 156, 6(1( 31.1 10.7 4,6 ............ Do.
?-........ 22.9 16,4()0............. 1.27 072, (1( lDe,

18.......21.0 1065,200.1........... 1,4 7-34,11(1( Do.
Apr. 2.......26,1 167,600 .... I........1.113 729, (1(0 Doe,

6.2.....1.6 10I1, 7(). .. 4.37 719,000 lDO,
7....I...24.7 101,800 36,1 Ii-. 11(.6 ........ ),
12.2.7110..........1(%.1. 23 (7(() le
16. 23,3 168,400. .~~~~~......... 4.22 61811s(30 Do,

23.2.....3.06 169, 7(1 ..........1...... '1. 27 tl82, 000X IDo.
2.1....... 22.8 160,100 ....I.......... 4',20 06,(3,1)00 lDe,
256....... 22.1 16.51, 3(00 .............. I, 12 (136,00loP,
28.......19,9 1 43,IJWK ................1(1a 6570,00lOD,
291...... 18.7 1317, O......X)..I...... 31,89 630,00 be,
3.......17.7 125,1(1( 27.8 36. 1,6a 1.... ....... lDe.

NI .16.7.... ..........1.....I 374 4365, (aX Do.
13.1 101(R, 9(9) 23,09 311 ............ 1)0.

1(1,0.I'l 110, 2.(K) .... .......... 3I. 42 I211, ON) 1)0.
....... 0.1.) 13, Iw.). ....1.. : 3.36 31I2., (XX Do,

lo........9(.3 1(0, 1(X) :. ... . 3. 21 290, (O(1 1),
13....... 8. 2 86,1(x) 10,3 26,. 1 1,13. . O.

16. 8.11 81,3(X)~ ~~..... . 3. 11 2-11, OXX) lDe,146.7.11... II 8151,800 .... 3227,18( b
15.......... 7M 8 I3,lX ..... I..... ..~ 3.21 2t0', IN00 lDe.

'21) .7.2.........7.,......St( 3.17 In6,110 Do0.
1.7.... 1 70,31)0. . . 3. 22 266, (XX lDo,
..2..7.7., 0,3-1)1). .8 2 .. 1, .10 ........3.22 ......0 D
2....... 7.)2 ~ 0,.., :::....... .3 266,000 1D,26 . 0.2 ~~~~~76,7(A) 1.31) 13( . ..7)2
21........ (1, I71, 3I(X) .. . . 11 237. (XX) Dl.

28 . 1068((........7, 793 3. 21 235,0,1(0 Do,
29 ..... (1 . 76,80) ...... 3.12 230,000 Do.

2un ........7.2 82,00 18.11 .): 'I 1)110 lDe.

624.9.....1)0 48.2(X).....0...., 1(10 l
(1. 1). 6 110,100 1...... ..... -16 3236, MX) Do.

27.1(...... .(L O 75,11(0. 327, (111o
91....1.... 0 97,07(1j 1.1), 271.1~ 4-1,4631)

13 . 1(1,8 9(3,8(X) ~~~............... 69 318,000 lb,
1.1.. II).::101 7 11, CX) . . . . , 1 3327,010 1D0,
10..... . )1 (7,70 R )0). .M......I ...336,000. lD.
17..9.1) 9)2,0(1( 2(.7... 21.9... ......11 M 3I I( Do,
18....... 1(1.1) 12,700 .... .......... 611 333,000 Do.
12).......10. 0 92,400.......... .. II 328,I1(0 D)0.
21. 9.8 91,600.~~~~~~..... ... .. 1 32,00 lb

21 . 11~~~i).6 01,04(X) ........I..... .1 340,000 IbeO.

236.......10.9 90,400.............. 3.48 316, 0(( Doe.
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JRes ilts of dis~chargje observations, Miasissippi River-Continued.
HIELENA, ARK.

(The gauge readings are all referred to thle zero of the United States engineer gauge at Helena, whose zero

is4 161.08 feet above thle Cairo datumn piano.)

Gauge Area of IetsMan Discharge
Date. read(- cross - Width.vlo per Method.

lng. section. Min Maxi- it),pe~r second.

1810.0 Feet .Sq. feet. Fed. 14(e1 Feet, Fheet, Cublefeet
Apr. 4....... 33. 2 ..... .............. 4.20 729,000 Double float~s.
May 12....... 16-3..............3...... 3. 23 305,0)(XX) DO.

'22....... 14.4.............. .... 3.67 282,00I() o.
June 31....... 14,2 ................... 3.60 29h,0K) D~O.

13....... 18,3 ................... 3.88 380,000 1)o.

-1.882,b
J an. 17....... 40.3 200,800 43.6 74.6r 'I,828 .........

21....... 41.7 21.1,600 44.3 72.0 1,'839 6.07 1,088,000 Rod float&.
23..4.....2. 2 217,700 44,8 73.0 4860 6.39 1,174,000 Do,
24....... 42.41 2141,400: 44.0 73. 2 ,871 6.37 1,161,0L00 D)o.
26. 42.0 219,300 46.0 0~~~~~~~8.64,871 6.39 1,181,000 IDo.

28....... 43.3 211), '100 46.0 74.8 4,871 ()
31....... 43.8 230,200 47.3 78.6 4871 56,6 1,287000 1)0.

Feb. 1....... 43.90 232,600 47.7 77.8 4871 6.21, ,212i000 Do,
2.4.......C0 229,P700 47.1 78.6 4871 4.97 ,1,142,000, Motor.
4........ 4.4 231,100 48.1 81.3 4,871 4.98 J1,100000, 1)0.
0....... 44.6 2128,600 46.9 80.0 4,871 4.90 1,119,000" Do.
7...... .144.8 2~33,800 48.0 81.6 4871 6,27 1231,00 1).
9....... 465.1 241,200 49.6 77.6 4,871 6,62 1330,000 D)o.
1.40......0 237,700 48.8 841.0 4,871 6.64 13 17,000, D)o.
14.4......0.0 240,800 49.4 81,0 '1,871 6. 00 -1,20,000 o
1....... 40.6 233,300 47.9 74.0 4,871k 6.78 1348,0(00 D)o,

17....... 40,3 236,600 48.4 82.0 4,871 5.70 1343,000~ D)0,
18....... 46.1 233,600 47.90 81.4 *1 ,871 6.00 1400,000' D)o,
24....... 46. 6 2'21,400 46.6 79.8 4,811 6.81 1287,000" 1)o,
21,....... 456.6 224,900 46,2 80.2 4,871 6,60 1238,000 1)O.
28....... 46.6 228,000 40.8 81.4 4871 6.7 1247,J000 D)O.

Mar. 2....... 46.6 228,700 47.0 83.3 4871 6.43 1,241,000 D)O.
3.4......6.7 220,300 47.1 78.2 4871` 6.060 1,286,000 D)o,
7....... 47.0 231,200 48.1 84,0 4871' 6.43 I1600,000 1)o.
8....... 47.1 23:3,400 47.9 86.8 4871 68 1, 668,000 D)O,
13....... 46.6 228,200 40,8 82.3 4871 6:865 1,602,000 Rod floats.
14....... 46.4 227,000 40.0 81.8 4871 0.67 1,613,000' Do,
16....... 46.2 226,600- 46,3 83. 0 4871 0.20 1,412,00 1)o.
17....... 40.0 223,1800 46.6 78. 6 4871 64 1,434,000 D)o.
23....... 46.2 2'20,300 44.9 81. 6 4871 ...........
27....... 44.9 220,100 46.1 82.9 4871 6.00 1,378,000 Meter.
29....... 44.7 220,1300 46,0 84.2 4871 6.71 1269,000 1)O.
30o....... 4.1.6 220,300 46.0 81.1 4871 6.93 1,0),000, 1).
31.'......44.4 227,000 46.4 83.6 4,871 6.80 1317,000 D)O.

Apr. 3....... 43.8 223,200 46.8 81. 0 4870 6.60 1,241,00W O,
4....... 43.6 221,600 46.65 81,4 4870 6,65 12,230,000 l)o,
0....... 43.3 218, 100 44.8 81.6 4870 6.66 1,'210,000' 1),
7.i...... 43,1 222,300 46.0 82. 0 4870 6. 77 1287,000 I)o.
8....... 42.8 221,000 46.4 81. 7. 481'O 6.4 128200 IDo
10.4......2.4 217,700 44.9 82.6 4,864' 6.10 1,11I0,_000 Do.
11.4......2.1 216,300 44.6 82.3 84,86 6.37 1,162,000 DO,
12....... 41.7 214,000 44.3 83.3 4,836, 6.11 1,093,000' 1),
13....... 41.4 213,800 44.2 81. 2 4,836' 6.02 1,073,000- DO.
14....... 41.1 212,600 44 0 80.9 4836 4.81 1,023,000 1)o,
16....... 40.8 201,000 41.8 81.1 4,83 4.78 9065,000 1)o.
17........40.3 197,400 40.9 79.1 4,830 4.84 957,000, 1)o
19....... 40.0 199,200 41.3 82.1 4 ,830 4.82 969,000 1)O.
20....... 39.9 199,700 41.4 81.4 4,828 4.76 949,000~ 1)0
21....... 39. 7 203,800 42.2 82.2 4,828 4.02 940,000~ 1).
24....... 38. 1 187,100 38.8 77.8 4,828 4.46 833,000 1)0.
26....... 37.3 189,400 39.2 78. 6 4,827 4.24 803,000 Do,
26....... 36.4 186,300 38.4 77.1 4,826 4.32 800,000 IDO.
27....... 36.6 178,200 36.9 77.1 4,826 4.30 760,000 1)0.
29....... 35.0 181,300 37.6 76. 2 4,825 4.26 771,000 D)O.

May 1....... 35.0 177,000 30.7 76.2 4,8261 4,33 767,000 1)0.
2....... 36.0 179,700 37.2 76.1 41,25 4,38 788,000 1)0.
3....... 36.1 180,000 37.3 76.2 4,8826 4. 22 760,000 IDo.
4....... 36.1 181,100 37.6 76.9 4,826 4.37 791,000 1)0.
6 . 3. 13600 38.1 76.8 4,825 4.30 801,000 IDo.
8...36. 4 18,3,400 38.0 76.2 4,826 4.32 792,000 Do.

isObservations and reduction under Maj. C. B. Comnstock. Report Chilef of En-gineers, 1879 p 1070.
The gauge readings for 1879 aire as reported by discharge party an(1r(IIir slightly fromt tile standard records.
bObservations andI reduction of 18-82 under secretary Mississippi Rtiver Commission. -Rep~ort and
taulation, Report Chief of Engineers 1884, p. 2618.
Obwevations imiperfect.
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P~esulte of discharge observations, Mississippi River-Continued.

Depths. Ma
Clatige Area of __ __ _ __ - i is hag

Dtte read- cross Width. t e e ehd
Ing. section. Mean Maxi. said.e Ser Method

nium, So Md scod

1882. Feet. Sq,feet Feet, Fedt. Feet. IFeet. CubiW feet.
May U. . 36.0 181,800 37. 7 78.6 4820 4.70 860,000 Motor.

to. . .~~~30.4 18.1,000 38,2 77.9 4,820 4.32 708,009 1)0,
11.. . 37,0 180,300~'w 38.0 78.6 488 4.0W2' 8m(x1,00 Do.

12........ 38.1 192,000) 39,08 78.9 4828, 4.60 803,000, 1)0,
13......... 39.0 106,800- 40,60 80.2 4,89 403 90,) )o
to......... 40.0 20180 41,8 ..81.7 4,831 6. 03 1010,000, Do,
17......... 41.0 211,000 43.8 80.9 4,833 6.09 1078,(000_ )O.
18........ 41.2 210,200 43.6 80.6 41,83"3 6.12 1,077,ON D)o.
20..... 41.0 210,000o 43. 0 81.8 486 6,27 1,112,000, 1)0,
22........ 41.8 214,600 44.3 83.1 4837 6.14 1,04, 000 1)0.
231........ 41.8 210,7(0 43,0 83,2 4837, 6.36; 1,27,-000) Do,
21......... 41.9 213,000 4.1.0 83.1 4837 6.07 1,080000 1)0,
261 ........ 41.9 210,000 43.6 81.2 4837 6,23 1,101,00 1)0,
20 ........ 41.8 216,300 44.6 82.6 4837 6.04 1,080,000 1)0.
27........ 41,8 213',00 44,2 82.3 4,837 6.31 1,146,000 1)O.
29........ 41,8 216,000 4.1.0 83.1 4837 6.06 1000,000 1)0,
(1,0........ 110M 210,000o 43. 0 82.6 4836jr 6.30 1,17,00 Do.

Jujie I1........ 41,3 216,600 41.0 83.1 4834 D.08 1,096,000 1)o.
2......... 41.2 212,400 44.0 83.1 4,3 6. 01 1,-016,000 Do,
3......... 41,1 211,100( 43.7 82.0 4,833 4.093 1,0-11,00 1)0.
6......... 41.1 210,300 43.6 82.7 4833 6.01 1,06M,000, 1).
8......... 41.3 210,000 13.4 83.3 4,834 4.9.1 1,037,000 1o.
10........ 41 209,000 44 826 ,834 6. 13 1,077,000, 1o
12........ 41.4 2111,100 .43. 7 81.1 4,834 6.09 1,076,000 1)o.
Ili.......... 41.0 212,600 43.0 78.0 4833 4.84 1,020,000 Rtod lloaft&

20........ 39.2 202,1(K 41.0 78.1 4828 4.62 958,000, Meter,
21. . .~~~~3s.8 101,8o0 40.3 78.6 4,828 .81 011,000 1)0,

22........ 38.8 108,000 41.0 78.6 4827 4.72 0311,000 Do.
23......... 38.8 19.1,0600 40.3 78,0 4,828 1. 73 920,000 DO.
27........ 30.0 100,200 41.3 70.1 4,828 4.91 978,000 1)o.
28........ 30.7 1900,t00 40,.8 77.1 4',828 -4.01 072,000 1)0,
29........ 39.7 202,1400 41.9 76. 6 4,828 1,0(1 9.12,000 1)0,
30........ 39,7 201,000 43.2 71.7 4,828 5,10 1,041,000 D~o,

Jilly I......306.970...1, 7.2 4828 4.81 052,000 10
3...3.....'9.2 197,400 10.9 77.7 4828 4.006 970,000 1)o.
6...38..... 8 103,800 .10,2 70. 6 4828 4.00 008,000 1)0,
7......... 38.8 190,300 40.7 70.3 -1828 4.84 919,000 1)0.

12......... 30.7 201,300 41.7 78.9 4828 6.00u 1,010,000 D)o.
13......... 39.8 202,100 411.0 706, 4,828 4.00 991,000 D)o.
II1........ 39.8 108,300 41.1 78.7 4,828 6.08 I1,oos,1000 1)0.
IS....... 30.0 190,2(00 .11.2 77.3 4828 6.10 1,029,000 1)0.
17........ 39.1 191,100 -10,0 78.0 4828 4.0-1 o11,000 iDo
18........ 38.0 I113,700 40.4 78.6 4,827 4.08I 907,000 )0.,
10........ 38.0 103,00 4.100 77. 6 4,827 4.06 808,000 1)o.
20........ 37.3 188,000 30.1 70.4 4827 4.66 8(10,1)00 1)0.
22........ 36. 4 182, (000 37.8 72. 6 4827 4.38 800,000 D)0.
241....... 33.0 170,800 36. 4 09.9 4,826 4.26 728,000 1)0.
25........ 32.8 108,300 36.0 70.3 4,806 4.30 724,000 1)0.
20,~~~.. .~ 32.0 1(2,000 34.1, 09.0 4782 4.22 087,000 1)o.
27.. . 31,0 100,~~~300 33.7 08.8 4760 41 (000 10
29. . . 28.?~~~140, coo 30.0 (17.2 ,746, 4.07 6960(0 )0

3I1....... 20.2 136,60 28.8 04.6 4,710 3,090 640,000 1)o.
Autg. I........ 26.2 130,100 27. 7 02.3 4,1180O 3 811 502,0)10 1)o.

2........ 24.2 121,000 20.1 63. 7 4,07 3.81 10,00 Io.
3........ 23.6 101,100o 24. 0 02. 6 4,064 3.78 439,000- 1o.
b........ 22.0 111,100 24.0 02.1 4,039 3.80 422,000 1)o.
7........ 21.8 112,000O 241.2 0-5.3 4,32 3.70 421,000 1)0,
8........ 22.0 111,600, 24.1 01.8 4,34 3.74 417,000 Do.
9........ 22.7 110,800 26.2 0Y2.1 4037 4.01 409,000~ 1),
10........ 23. 0 121,200 20.0 02.8 4,56 3.97 481,000 1)O.
I11........ 24.2 1'211.100 27,1 03.4 4,000 3.80 488,000 Do.
12........ 24.6 127,800 27. 4 01.1 4070, 3.01 600,000 Do.
14........ 24.0 132,000 28.3 04.0 4,03 3.90 622,000 Do,
10 ....... 23.4 110,000O 26.0 02.6 4602' 3.82 460,000 Do.
17a....... 23.1 123,80 20.0 01.6 4,0659 3.88 480000 1)0.
18........ 22. 0 121,000 20.2 01.0 4,056 3.83 47000 ~ 1)0D.
10 ....... 22.1 119,000 26.3 00.2 4,653 3.065 437,000' Rod flost&5
21........ 21.4 11,00 2.0 0. 4,04 3.72 410,000- Meter.
22........ 21.1 112,000 24.1 02.8 4,043 3. 77 422,000 1)o.
23........ 20.8 ........ ......... ..... 3,06 410,000 Rod Iloats.
24........ 20.3 111,800.24:2. 02.6 4,626 3.065 400,000 Motor.
26 ....... 19.8 104,000 22.6 02.6 4,01 3.6 39,0 o
28 ....... 19.2 97,400 -- 2.1.2 00.0 4,603 3.64 364,000 Do.

a August 17 rod floats gave ="as y~ooty-3.06 tast and dislecbar-4.6787 cubic feet per secozn4
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Results of (dischargs observations, Mississippi River--Contintied.
11I1-ANA, AUIK.--Cozitlimod.

Depths. t
r0ailg Armi of 0_______ )Doliargo

Date. nfud- ross N Udt3l pur Method.
lug. Section. Mty p second.

1882. Peel. Sq./ Pel.Feed. Pa, feel. Peel, Cu'tblc feet.
Aug. 28.17....9...9, 600 19 0 61.8 4, 674 3. 61) 311)I00 MoI(tor,

20....... 17. 3 92, 10) ~20. 2 (8.'2 4, 602 3. 613 326,8)MO )o.
3o1)...... 10.8 89,700 10. 7 67, 6 4,660 3. t)1I 321,:000 1to(I floats,
31 . ~~~~10.4 s2,30K0 18. 1 60.1) 4,10 3.8e7l")9Md

Sept2......... 16 8 82,900 '2-0. 7 67. 7 1, 010 :5 356 277, 000 Rtod floats.
66. ~~16.0 83,000o '22. 1 60. 4 3,760 3. 22 2017,000 Do.
0..1It, 0 78,300 '20.90 67. 2 3,760 3.17 248,000 Vo.
8...... 16.8 83,000 2'2. 2 65.1 3,770 3. 02 302,0O(8) Mo)tor,
9..... 6..t,8 87,800W '22. 0 b4.:2 41,000 3. 538 297,00O()Iod floats.
11....... 111.2 81, 100 21.0 64.8 4,016 .48I' 203,001) Motor..
13. 10.3 91,000 228 ~~~~~~~66.8 4020 3. 47 3118,00 Jo

16...I.... .'0 89,118) 22. 3 66 .1 4,010 3. 70 331,000 1)o.
10 ...... 15.)7 85', 1(8) 22. 7 66. 1 3,760 3. .6 300,00M Do.
IS........ .t:0 8.1,200 '22. 6 64 I,710 3. 22 271,018) 110(1 floats.
19)....... 14.90 79,3-00' 21. 3 166.8 3j,730 3. 39 209,000 i)o,
20....... 15.2 80,100o 21,4 6.1.0 370 3U 1.41 27.1,0)00 1')0.
22....... 17. 1 89,100 20, 2 60.2 4,419 3J G7 328,1)00 -I O.
23....... 17. 9) 891,80O) 19.11 63. 0 4,63.3 .1. 13 308,0(00 Moetor,
26....... 17.9091,7(00 20.4 68. 3 4,0633 3. 71 31,0100 H'd110(flats.
20....... 17.3 91, 100 19, 7 t)6. 7 4,0626 3.03.- 331,004) 1)O.
27.1......0. h 86, (00 18, 0 60. 0 4,605 3. 10 2931,I000 1)0.
28....... 16.7 81,200 21. 3 5')1.9 3,809 3.2 20 27,000 Do.
29....... 16.0 70,300 21. 3 3.9 :3,730 2.01 23:5,000 Meter.
29... ... .... ...........3.l 10 261,I000 Rod floats.
30...... .I.I.2 70,800. 21.0 6 3al.0:i '3,610i 3.28 262,000O 1)o.

Oct. 2....... 13,0 765,300 22. 0 61.1) 3I, 120 3,21 2.121,000 Do.
3....... 12. 6 72,600 21.56 63.06 3,3157 2. 79 '202,000X Motor.
3....... 12. 6 72,600 21. 6 6:3. 0 3,357 3. 11) 22.1,1)00 Hod floats,
4.12.....W.,2 70,1)00 21. 7 63.12 31,202 3. 11 20, 000) 1)0.
6.11.....I.06 70,200 21. 7 62.7 3,220 2. 90 208,000X) 1)0.
5............. .. ... ... ... ... . . ... .. ... ... 2.81 197,000X Motor,
0....... Il. 5 oks,1I00 22. 2 -52.41 3, 0C0 2.83 11)3,000 1)0.
0.11.......Il6 08,100 22. 2 I52. 4 3,0O:0 2.98S 2031,000 110(1 floats.
7.1......1.5 07,41)0 22.0 62.0 3,0(A) 2. 70 180,000 Motor.
7........................... . ..... 2. 92 197,000 110( floats.

.......... . 1,6 t17,1;0 22. 1 62.0 3,000 2.9Oil 200,000 'Motor.
9................... ..2.908 201,000 11od floats.
10.11.....II 05,0(8) 2.2 5. 3,0513 2. 03 191,0(8) J (Mtor
10...... ....................... I.. 3. 0.4 197,000 Rtod floats.
11.11.....I.3 016,200 21. 4 62.8 4, 0:17 2.o13O1,000 )O.
14..11....i. 1 03,71)0 20. 0 62. 1 :3,037 2.9135 188q,000 i)o.
17....... 10. 7 04,300 21.3 652. 2 3,0141 2. SO 180,000 1)0.
19....... 10.4 (01,0O(8 21. 6 62. 6 2,970 2. 72 17-.1,000 1)0.
20....... 10.1 IX, 700 29.461i1. 3 2,9710 2.71) 1(,0O()O Motor,
20.........:.................. .... 2. 77 108,188)Ho11o 0fals.
21....... 9.8 69,600 20. 0 49. 5 2, 970 2. 89 172,000 Motlor.
21..........................2. 70 10-1,0011O0,1 floati.
23....... 9.8 69, 100 19,9 49 ~-,5 2I,970' 2. 71) 106,000 Motor.
23 ... . . . .. .. . .. . ... . . . . . . .. .. .. 2. 79 105,000 lIod floats.
24..9......;i, 19.90 49. 5 2,90 2.1)1 172,1810 Motor.
24................. 2. 73 102,000 110(1 floats.
26.9.......8 50,:50 199 49.65 2,1)70 2.901 172,000 Motor.
26....... 9.8 69,3:00 10.9 40.6 2,910 2. 70 1061,00 110(1H floats.
-27. . 10I. 2 (',3(8) 20.3 60. 0 2,1)70 2. 95 178,000 Mtotor.

2,28.::::::-' 10. 2 (0, 40 20. 3 60. 0 2,970 :5. OS 18(1, 000 1)0.
28...10..3... ......... 2....4 ....... ........ 2.835 171, 8)0 Rlod floats.
31.........10 3 c, 1;0 2.4 6.1 2970 3.06 186,000 Do.

Nov. 8.10.09 01,IX) 22.4 61.9 2, 711 3..33 2(81,000 Moter.
10 . ~~~~~11.002,800 22.7 62.0 2,7011 3.352 208,0(8) 1)0.

11....... 11.1 62, 700 22.7 62. 1 2,706 3.30 211,000) Do.

1880.
Oct. 3....... 14. 4 81,200 17.7 64.0 4,690...........

4.10.....i.2 93, 100 20.2 67.0 4,004 4,14 380,000 Rod floats.
a.... 19.0 107,000O 23.2 00.0 4,03K4 4.10 4.38,000 Do.
8.20.....1.2 114,400 24.0 (52.0 4,044 3.70 42,000 Meter.
9....... 20.0 112,000 24.1 (12.0 4(0611 4.10 406,000 Hod floats.
10....... 19.5 109,000K 23.5604.6 4, W36 3.04 300,000 Motor.
11....... 19.0 103,000 ,2?2.2 61.0 4,028 3.77 388,I000 1)0.

a Obaervattonus and redlutvJIoi i (Id cir s(ecretary MIssIssIppI ItlIvor Co0iiim ISssIon. Ite rt Chilefof Engineers
18VY-p.-&ge 2820. '1'he high-water sexcltio %was at short distance below the elevator , '1' e loft tiank end( of theuWtfon of 188S4-6 was eoineidont with that of 1882; hut, the right binink e11( was about. 200 feLt aIyove that of
I88. Vhe low-%wuter section was about three.o~mn tIlls of a miub above tho huigh-watter section, Obsmrutluai
Oct. 3 to I regirdud as doubtful.
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Results of discharge observations, Mississippi Rfiver-Contin tied.
ITELYNA, ARK.-Continued.

Date,

1881.
Out. 13............

III ............
I) . .. .. .. .. ...

17 .............17............
18...........
2(2 .........

23.. ......25..,..........

27............
21............'!7 ............

....,........

.J............

3A)............
4s1............Nov. ............
,.

6............

7............
8............lo ............

11............12............

'.3.

17............
Is2............
I() ............

2.J...........
21 ...
22 ............
24 ............

m............
'2I ............

27 I.......
2X4 ............

.I........ ....

Dehc. I.......
21i............

" ..........

4............
4 b..
..............

'............
:............

9............
b ..........

12............

1............
S............
n............

17 ..........

Is .............

19..."'l'

I2I ........

20.

12" ............
30 ............

Jan. I....

7............

(anlle
I (11(1
lug.

FI'e.
18.0
17.8
17.b
17.(
18.0
18.3
18.4
18.4
18.2
17.8
I(1.9
I11.3

10).1
lli.f)

10.2
10. 4

16.8

1lb. 2

13. 1
12.0
12,.1
11.8
11.3

9. 9
9.7
9.6

9,4
9..3
0). 1

10.9

10.9

(1 11.

10.S810X.0

f). (i

8f.4
8.3
7.0
7.6
7.2
7.2

8.6~
'9. I

10.8)
12.1
13. 2

1.5. 2

17.01

A rea ofI
cross

secd:toll.

87-It
917,1(()
17, ((K#)
1)8, Ax)
9I, :I(X)

7,9 X)
IN), 000
99, 3(X)

97, IlK)
9)3, 2IX)
89,0(X)

87,2(1
88, -,I 1
8", SIX)

87, IN0
86, 18)

82, 8(A)
79, 7(O)
7,. ;A)

72,200)
GS,I X)w), :s(

.,21,00
61,;30
6, .11(X)
b7,0(1)
64,7JX)
61, :I(w

64,500)
6o, SW0

715 sw,/I0 , LI)
70, ;.t)
70, (AX)

I 1,8(X)
71, M)
71, ()

I ,60)
(6'9, IAX)

649, 0)
69, RX)! 9,0CX)

07. 7(01
76,. Z1M
,71.3900

7, 600

j ,00.t),S7. :100X
9,7,800

2(0.7 11O)'24lh)
2.1 0 12-,, (41)0

;I1. IN), toY)

De1)pthbs.

Moall

Feet.
21.0
21.2
¢21 ,4
2! 1

21.'221. 7
21. 61
21. 6
2!1. 1
20.
19. 4
19.2

I9. 0

18. 7
18. 1
18. 4
18.0
17.'
10. 6

16.0
16.0
14.7
14. 1
13.6
1:1.3
12.0
12. I1

106. 7;
106. 7
17.2
18. 7
18, 4

Ix;..'
1,). 1'

19.7~
19.6

19.3

1IS.^ 1

18;.1;

17..7

17.)

10S.7

17.801S. S

M.1 7)I's. I

1'),721. 1i

2(.1.9
2Z3.32
,2. 9
22.¢

24i. 9

1190111\.
Mati.

r16. I
F09. 6

5!1. r3
69. (4

69.6

69. 4

69. (1

67.9
69. '167. 1

67.9
6.3i, 0

67.0
6'7. 6
60. (
,,. !
.2.. 3
A7. 0

62. 2

62 . (5
652.0
.6:3.3
23.0

25 .2
23. .

6r2. ()

6:1. 0
.)_. .

26.1)

26.0
26.0
26. 1
205. 6
2.').0

203.023;. I)

212.0

25;. ()

27.0

20. o2(1.1)

21.0321. 6

2S7.0
27. .j

3z1.0
:11.1)
:32.6t

WVidth.

4,0`24
4,1
4,013
.4,01I4
'1, 02l3':
4, 1'.23
4, O2
'1,1,20
4, (21
4, 02!1
'1,0;13
4, ('10

4, 60074, 1;0(;I I;()Is
4,(10
4,010
4,09
4, 07
4, 0s)
4, '97
4,691
4,6A),4,6679I, f,57
4, ;5517
4,630

4,b62

4,6521
4, -19
4,61
3, 21.0

3, 25U

;3.110

.1,..)-;3 ,o

.1 ,.'',i

I1!1i
.i (48

4,.'s16
.1, olS
3,. 04F
3,6571

3, N 7:3,1907
3, 520
:1, 5I7.3:,5417

3.771'j:1. 87:3. 1h

3.08
!3, Sol;

3. .131

I!
21. 4 3.5.
2,), 0 '10.0

32. 2 13. ;
36,. 7; I7.0

Moa~f(lll
vv.. _VI' bC-

II N per

3.78
3.81
3.70
3.0I1
3.92
3.04
3. 7:1
3.60
3. 73
3.6

:i. 81
'l.72
3.85
3.84
3.77
3.86-
:1.71
3.77
3.82
3.609
3.83
3. 71
3.70
.3. 76
3. 7.

3f. 7-1
.3. 72

:3. bS(

3s. 7{)

2(95
17.17

3.12
1003.82

3. 72
2.96
3. 17
3. 12
:1.115
:1(X)
3. 14

'J. 2-;

23. 2(I

2.8
'9. li.')

;1. .;9

2. :2

3.0.
-3. 1t
4. 16:.2,
:;. 28

l1:164f
3.:16,

.3.72

i4. II
j4. 12
I4.00

)tselharge
pner

Cubic feel.
307, (XXY
373, (0)

''30#1,00

360.S:, (AX):171,(XI

31.!), (X)
:371, (IO
3.10, (w)
:16,',(A)
3:7.1, 00
:3,10), (Ml)
,:1,, 000
3:1,' (XX)
338t, (XX)
:01;:1, (xX)
:128.,0(#X)
;3H9, (XX)
:z117, (XX)
32410(X)
Wos, I X)
;216,000
2(71, (AX)

252, (10024,7, 1,0)
2.,;, (XX)
21!9, AXN)
2:21, (XX)

21'9, (XX)
22;;, (AX)219~, 1X14
208,04OG0
212 000

210. IN
201,0M0
I I)i' XX)
20, 000
20;, ()X)
21.S, OW
2'22, 0)
226, 00)
219, O0
244, 000)
217, I0
2201, (X

I80, XX)
IS(. (AX)
I ,11, (AX)17,), (X)M

1I9, 0X)
1 W:,IhN)
21 4. (XX)
221i. (X)
2l.s, X)
2 i1, (XX)
271. 00)0
29o,. MX)
'J2, IXN()

i304. (A)
304, INX)

42.3. 0x)
611t.0X0
('66, W()1

c 7I31. (I)
a l~~es(IOUhttfIll 011S~rver Salv. r4-1j t.
b Leptilng LDec. i anl 9 the lo'vw-:wer section wai used frou
I Chute dls.lluarge, 3,0W cubtl feet, uot IIlodIe1(Le.

Nov. 27' to Jwi. 7.
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.Mlet.hod.

Mntonr,
1)0,
)o.
Do.
1)o.
1)0,
1)o.
1)o.IDo.
IDo,
1)0.
I)o.
1)0.Do.
1)0.
1)o.
1)0.
1)0,IDo,
1)0,
D~o.
Do.1)0.
1)0.
1)0,D)o.

1)o,
1)D.
Do.
1)o,
1)o.
1)o
Do.
lo.
1)0.
1)0.
1)o.
1)0.
1)),
1)o.
1)0,lb.
I)o.
1)o.
1)o.
Do.
1)o.
1)o.
1)o.
1)o.
Do.
1)o.
t.)o.
l)o.
Ijo.

D)o.
lo.
Do.
lII).
Do.

1)o.
1)o.
1)o.
so.

___



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.

HELENA, ARK.-Continued.

Date.

1886.

Jan. 7a..........
8...O............
9..........
10............
12............
13............
14 ............
17............
19............
20............
21............
22 ...........
2u............27....
28....
20 ....

Feb. 2....
3............
4.

6............
7............7............
9............
10............
11............
12............
13............
14............
19.......
20............
28 ............

Mar, 2...........
3............
4....

6............
7............
9............

10...........
11...........
12............
14.-
16............
17............
18......
19 ............
20............
23 ...........
24............
25 ..........
26...........
27............
28 ...........
30............
31............

Apr. 1............
2...........
3...........
4............
7............
9............
10............

1888. b
Nov. 28...........

29 ............
Dec............

De, I............
3............
4............
6............

oauge Area of
roa( I¢cross
ing. section.

Feet.
:32.0
32.2

32.6

32.8

34,4
356.0
30.9
37,6
138. 0
38.3
38.7
40.1
40.4
40.6
40.6
38.5
30.8
34,9
:32.7

29.2
27.0
20.0
26.5
20.7
20.9
27.0
29.5
29.4
18.4
16.8
16(.6
10.6
16.8
17.4
18.3
20.4
21.9
23. 7
25.8
27.5
28.7
30.0
30.7
31.0
32.4
3I3.1
33.6
33.4
33.2
32.9
32.3
31. 5
29. 0

28. 3
26.9
26,6
24.7
23. 9
23. 1
24. 7
26.2

26.7
26. 0
25.0
23,8
21.1
19.9
18.6

Sq.P.i,
16.3,600
102, 700
104, (00

170, 700
1 74, 9X)
177,300
180s,000
188,8000
189.600
192,300
195,000
201, 400
204, 700
205, 6(0

.4200, 100

193, 70.0
185,200
170, 0O
103, (10(

165,200
148,800
130, 700
134,800
134,900

137,00
137,000
135, 700
140,400
146, 000
90,900
84, 400
83,100
83,800
84,n00
87,900
91, 00

101, 200
07,a00
110,300
127, 200
135,700
142, 400
148, 90
153,700
167,300
101, 10

1(14, 700
107,200
107, 000
105,000
103,400
161,700
158,800
147,800
142,000
134, N00
129, O6
124,900
119, 700
115,600
124,000
130, 800

134,
129, 600
126,100
118, 400
107, 900
98,600
92,600

Depths.

Mean. I MUM.

Feet,

34,3

34.30
34.4
34.9
35.6.36.46
36.8030.8
38.5
39.1
39.2
39.8

40.4
41.0
42.2
42.4
42.5
40.0
:38.3

34.3
32.8
31.4
29.0
28.0
28.7
29.1
29.1
28.8
:30.930.0
19,7

18.3
18.0
18.2
18.4
19.0
19.8
21.8
23.1
24.9
27.1
28.7
30.0
31.4
32.3
33 0
33. 7
34.4
34.8
34.80
34.4
34.1
33.9
33.3
31.2
30.0
28.0
27.0
26.7
26.6
24. 7
20. 6

27.8

28. 3
27.4
20.6
25.1
22. 9
28. 1
28.5

i High-water section.
* Observations and reduction by SississIppi

ot Engneers, 1890, p. 3158. The section was in

| Width.

Feet.

70.0
76.2

76.6
77.0
78.6
79,0
79,681.6
82. 2
82.2
83.5
8.3.G
83.6
80. 5

80.0
79.0
78,0
78.0
74.0
72,0
08.0'

69.0
70.0
70.0
70.0
69.0
72.0
71.0
68.0
57.0
50.0

65.0
64.0
57.0
67.0
69.0
0.56

63.0
64.4
64.7
67.3
07.0
67.0
69.6
70.0
r2.0
71.0
70.0
70,6
69. 0
70.0
69.0
60.0
650

04.0
62,6
63.4
63.3
65.2
65.4

75.0
72.0
74.4
72..0
73.0
74.0
71.0

Feet.
4,774
4,779
4,781
4,783
4,8(0
4,805
4,820
4,8s
4,831
4,831-
4,831
4,831
4,841
4,8S
4,861
4,861
4,844
4, 836
4,816
4, 778
4, 760
4,739
4, 709
4, 707
4,707
4,707
4,708
4,714
4,743
4,743
4,021
4,o07
4, 00)(
4,
4.U12
4,010
4,025
4,046
4,05-
4,070
4,695
4,726
4,741
4, 747
4,767
4, 707
4i776
4, 787
4,802
4,801:
4 798
4,787
4,773
4,767'
4,741
4,729
4,712
4,691
4, 679
4, 9
4,669
4, 084
4,700

4,732
4,726
4, 722
4,7 16
4, 702
3, 605
3, 244

Mean
veloc-
Ity per
seconl(d.

Feet.
4 22
4,39

4.24
4.42:
4,47
4.47
4.44
4.50

4.60

4.71

4.71

4.82

4.82

4.900
4,91

4.64
4.40

4.12

4.20

3.98

4.20

4.07

4.04

4.00

4.03

4,04

3.98

4,.11
4.13s

3.95
4.00

3.07
4.0'1

4.05

4.18
4.25is
4.22

4.20
4. *1;
4.34
4,43
4.164. l17

4.71
4.714

4.22
4.25
4.21
4.17
4.15
3.94
3.98
3.98

4.04

3.80

3.92

4.15
4.14

4.22
4.39,

4.38
4.38

3,57

4.644.04

4.05

I)ischarge
per

second.

Cubc feet.e

714,0O0
707,000
708,()00.
764, 0O
781, 000
792,000
820, O(X0
850,

873,000
907, 000
918,000
070,
o87, (00

1,021,000
1, 013, 0O
870,(00
810,0(10
720,O00
087,000

622, 00

626, 000
5517,000

6157, 000

641,00

601, 000
699,0(0
:01,000

334,000
328, 000
:3:10,000
337,000
361,0X)0
370, 000
423,000
457, 000
491,000
571,000
578, 000
031,000
644,000,
607, 000
Go0, (10
717,000
737, 000
738, O0
724, 0(0
090,000

094,000
081,000
03,000
614, O0
6 0,000
630,000
610,000
604 000
462,000
453,000
561, 000
642,000

5605,000
609,000
548,000
619,000
493, 0(0
467, 000
442,000

Method.

Metor.
IDo,
1)o.
1)o.
1)o.
1)o.
D)o,
1)0.

1)o.
1)o,1)0.,1)o,
1)o,
1)o,

1)o.I)o,
1)o,

1)o,
1)0,

1)o.1)0,
1)o.
1)o.
1)o,
1)0,

1)0,

1)o.
1)o,
1)o,
1)o,
1)o.

1)o,
1)o,
l)o,

1)0.
1)o.
1)o,
)o.

1)o.

1)o,
:Do.

I)o.
1)o.

Do,
Do,
Do.
1)o

Do,

Do,

Do.
Do,1)o,

1)o.

1)o.
1)o.

Do.DO.Do.
Do.
1)o.
Do.
Do.

Do.
Do.
Do.
Do.
Do.

Do.

LDo.

itLiver Comimilssioui, second (listrict olllcer. Iteport Chief

about the same place as in!1882 and 1884.
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WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Rcmulut of discharge observations, Missiasippi River-Continued.
HELENA, ARK.-Contlnued.

Dato.

1888.
1)0(!.O ....0...

7...........
8............
10...........
11............
12...... ..
13.*...
14...........
to0............17....
18... ......
19............
20( ............
21 .........
22.*...
24............
#25.............
20...........
27...........
28 ..........
29.........
31............

1889.
Jan. 1....-

3............
6............

.7............
8............
9...........
10..........
11...........
12............
14............
10............
17............
18............
19............
21............
22...........
23............
24............
27............
28 ...........
29............
30 ............
3s1 ............

Fel). 1............
2............
4............
6............
6............
7....
8............
9............
11............
12............
13............
18 ............18............
20 ............20............
22 ............22............
23............
20............27 .............27.......
28............

Mar. 2............
4............
6....

7............
8..

GaureaTl!
Ing.

Feet.
17.3
1,0.
14.7
12.7
11.8
11.1I
10.6
10.0
9,4
9. 4
0.2
9,1
9.0
8.9
9.0
9.0
10.2

11.011.4
11.7
12.0
13. 1

13.9
1fi.3
16.6}
14.9
14.6
14.6
14.7
If,.4
1}. 4

24. 3
26.(
20. 4
27.0
28.6
29.5
30. 4
31.2
30. 8
30. 1
20.1
28. 1
27.2
20).9
20. 9
27. 8
28 4
29 0
20. 3
29. 3
20 0
27.0
26. 6
23 9
18.0
10.2
16.2
14.6
14.7
16.0
20.6
26.0
27. 9
20. 5
31.0
32.3
32.1
31.6
31. 1
30. 8
30.4

Area of
cross

section.

Sq. ft.
88, 00
83, n0
81,600
69,900
07, 00
637,300
65, 400
634,100
01,000
2, 600

62, t)00
01,400
02,000
00, 400
(, 200
01, 400
63,700
04,800
00,300
07,900
70,000
71,800

76,100
80,#000
79,6000
77, 300
70,000
77,300
77,200
8(9,100
84,100
9*1, 1000
127, 300
1:31, 000
133,l00
138,000
141,200
146,800
161,100
101,300
149,400
160,000
142,300
134, 900
132,400
131,300
133,700
130, 00
139, 00
140,800'
142, 400
144, 400
142, 000
134,200
128, 400
117,000
89,400
83,000
80, 400
70,800
77,800
83,200
00, 400

129, 100
140,100
148,000
165, 700
164,100
163,200
160,800
164,800
164,400
151,600

Depths.

Mean. Mmx,

Feet. Feet.
28.0 07.0
28.6 68.0
28.3 88.6
20, 1 01.0
26,3, 64,0
26.2 t01.2
25.6 62.3
26.0 62.6
24.8 00.2
2,.0 62. 3
26.0 01.0
24.7 60.0
26.0 60.0
24.6 00.0
24,4 (0).0
24, 0 60. 0
24.9 58.2
25.3 69.0
25,3 69.0
26.4 00.0
20.1 00.0
26.6 61.0

27.0
28.0
27. 1
20.6
20.7
27.0
20.9
27.6
28.2

27.9
27.1
27.8
28.1
29.1
29.6
30. 6
31.6
33.7

31,4
29.9
28. 4
27.0
27.7
28.2
28.7
29. 4

29. 6
20.8
30 2
20 8
28.2
27.0
24.8
27.1
27. 1
20. 9

26.0
27.0
27. 1
25.8
27.3
29.4
30. 9
32.4
34.1
33.9
33.6
32.3
32.2
31.7

63.0
63.7
64. 0
(13.6
63.2
03.7
63 0
62.8
05.3
67.0
76.0
78.0
78.0
78.6
77.6
79.0
80.0
80.0
79,6
70.6
79 6

77,0
76.0
76r.0
77.0
70.0
76 .2
716. 6
77.0
77.2
70.0
76. 0
76.0
76 0
07.0
05.0
04 0

02.3
04 0

0

70 6
74 2
76.0
77.0
70.6
81.2
80 6

80.0
78.0
73.0
78.0

Width.

Feet.;
3, 000
2,9038'
2,887
2,080
2,070
2 605
2,605

2, 602,600;
2,600
2,490
2,476
2, 473
2,470
2, 00
2,656
2, 60(,2
2,020
2, (180
2, (80
2, 705

2,786
2,888
2,938
2,888
2,802
2,862
2,873
2,908
2,989
3,394
4,700
4,724
4,734
4,742
4,760
4,777
4,770
4,702
4,787
4,776
4,700
4,765
4,743
4, 737
4,740
4, 760
4,7()3
4,770
4,777
4,780
4,778
4, 769
4,728
4,714
3,293
3,001
2,084
2,883
2,883
3,073
3,897
4,731
4,767
4,780
4,802
4,818
4,810
4, 804
4,800
4,790
4,785

Mean
veloc-
Ity pwer
second.

Feet.
4. 72
4.40
4.10
4.060
4.00

3,95
3.93-
3. 93
3.83
3.01
3.89
3,92
3.82
3.03
3.05
4.21
4. 13
4.13
4. 13
4.14

4.23
4 24
4.35
4.23
4.17.
4.29
4.23
4.47
4.48
4. 77

4.78
4. 63
4.64
4. 65
4.70
6.02
4.80
4.60
4.70
4.70
4.00
4 65
4.60
4.47
4.71
4 68
4.87
4.71
4.76
4.a0
4.41
4.33
4.42
4.35
4.20
4.20
4.19
4,39
4. 60
4.05
4.73
4.80
4.89
4.80
4.87
4.57
4.01
4. 60
4.658
4.47

Dkscharge
1por

second.

iblic fret,.
418,(000
368, 0O
3.34,000
284, 000::200,000
273i 000

. 2(19,00
263,000
243,;000.246000
240,000
240, 000
241,000
237,000
220, 000
241,000
252, 000
273,000
274, 000
281,600
2S9, (810
297,000

318,000
3-12, 000
347,000
327, 000
319,000

327,000
358,000
377 (00
460),000
003; 000
630,000
620,000
040,000
6m(1,000
086,000
768,}000
774,0000
09(1,000705, ()000

008,00'
691,000
aus$ooo

0(4, 000
041,000
058,000
671,000
684,000
050,000
692,000
6650,000
617,000
389,000:
364,000
338,000
322 000
342, 000
383,000
497,000
(11, 000
672,000724,Z00
760, 000
800, 000
740, 000
741, 000
700, 000
709, 000
.'.S,000

271

Method.

Meter.
1)0.

J)o,
I)o.
Do.
Do,
Do.
IDo.1)0,
1)0,

1)o.1)o,1)0.
lDo,
Do.1)0,
1)oDo.

Do.
Do.

Do.
Do.
Do,
1)0.Do,
1)o,
1)o,
D)o.

eo.
1)o,Do.
1)O.
Do.
D)o.
Do.
Do.
Do.
J)o.
1)o.
1)o,
I)o.
l)o.
1)o

Do.
1)o.
1)o.

IDo.1)o,1)o.
l)o.
1)o.
1)o.
l)o.I)o.
1)o.

lDo.1)o,1)o.
I)o.
Do.
1)o.
1)o.
1)O.
Do.
Do.
D)o.Do.
Do.
1)o,
1)0.

-| l



272 WATERWAY, ST. LOUJIS TO THE GULF AND CHICAGO.

Results of discharge observations, Missisippi River-Continued.
HELENA, ARK.-Continued,

- Depths. Ma
Gauge Area of veloc-_____DisohargeDate, read- cross Width. iye c per Method.
Ing. setin.Men.Mai-it Oper. second,

1889. Feet. Sq.ft Feet. Feet. Fet. Feet. Cu icl,
Mar. 9....... 30.3 160,000Lo 31.6 78.0 4,784 4.45 10 0 Meter.

It1....... 29.5 144, 0500 30.3i 70.3 4779 4.30 3,00. Do,
12....... 28.8 141,300 20.7 76.6 4704 4.39 0,00 Do,
13....... 27.9 137,6500 28,8 75,0 4764 4.38 00,00 1o,
14....... 27.0 132,000 27.8, 76.0 4,761. 4. 43 68,0 Do.
16....... 21,1 127, 400, 20.9Q 73. 6 4736: 4.30 66,00 )0
10....... 266 124,900 20.4 72.0 4,720, 4.34 542,00 1),
18....... 24.4 118,000: .260 72 0 4,723 4,43 52.300 Do.
19....... 24.0 117,800, 26.0O 71.0 4721 4.30 613,00 1)O,
20....... 23.0 114,70 24>.3 70.6 4710 4.40 50",00 1)0.
21....... 22. 0 111,10 2`3.0 72,0 4713 4.27 474,00 Do.
22...22.3 108,600 23.0- 00,6 4712 4.24 4600,0 Do.
23...21.8 105,800 22.6 08.0 4708 4.34 40000 Do.
2.5...21.8 105,000 22.4 08.5 4708 4.41 400,00 Do,
2(1 . 22.06 112,400 23.0 70.5 4714 4.44, 409,00 D)o,
27 . 23.8 117,700 24.9 71.0 4721 4.40 618,00 Do,
28....... 24.8 123,000 28,0 72,0 4731 4,46 547,00 Do.

Apr. 1....... 25.2 125,700 20.65 74. 0 4732 4. 42 565,000 1)o,
3....... 24.6 120,000 26.0 71.8 4721 4.28 518,000 Do,
6....... 23.4 15,000 24.60 72.3 4713 4.34 504,000 -Do.
6....... 22.7 114, 11)0 24.2 72.0 4711 4.28 480,000 Do,
8....... 22.0 110, 400, 23.5& 72 0 4708 4.24 408,000 1)0.
9....... 21.9 110,800 23,6 72.6 4707 4.34 480,0{0 1)o,

10....... 21.8 111,OCO 23,0 73 0 4',707 4.32 479,000, D)o
I1I....... 21.0 110,000 23.6 73,5 4,707 4.27 473,000 D)o,
13....... 20.8 101,800 20.3 72.6 3,805 4.36 443,000 Do.
15....... 19.8 98,3a0 28.2 70.0 3,495 4,32 425,000 Do.
16....... 19.5 95,700) 28.2 09.1 3,303 4.35 410,000 IDo.
17....... 10.2 04,40(1 27. 9 70.0 3,302 4.44 420,000 Do,
18........18.8 92,00(0 27.5600.0 3,341 4.31 307,000 1)O.
19....... 18.6 8.8,900 27.0 07.6 3,291 4.4 305,000 1)o.
20....... 18.4 88,700 20.9 00.7 3,291 4.3 385,000 1)0,
22....... 19.4 94,100 27,7 70.0 3,303 4.40 43,000, D~o
23....... 20.2 90,700 26.2 70.3 3,094 4.41 427,000: Do.
24....... 20.8 102,200 21.7 00.8 4708' 4.44 454,000, Do,
25....... 21.4 1056,00 22.4 71.0 4,708 4.4 404,000 1)O.
20....... 21.9 108,100 22.9 09.2 4712 4.40 470,000M IDo.
27....... 22.7 110,900 23.0 70.,0 4,714 4.48 497,000 Do.
29....... 23.6 114,400 24.3 71.0 4,715 4.40 609,000 Do,
30....... 23.2 113,800 24.1 70.2 4,714 4.41 602,000 Do,

May 1........ 22.3 100,800 23.3 70.0 4,708 4.27 408,000 Do.
2....... 20.8 102,400 21.9 68. 6 4,702 4.27 437,000 Do.

1890..
Apr. 3l ...... 47.4 242,000 -.... 99.0 5,183 6.38 1,67,000 Do.

4....... 47.4 240,900 ........ 100.0 6,183 60.30 1,70,000 D)o.
6........ 7.3 230,100...... 93.0 6,183 0.30 1601,000 IDo,
7c....... 47.2 230,300...... 94.0 6,183 0.18 14(11,000, 1).

9....... 47.0 231,200...... 97.0 6,18.3 6.05 1308,000 1)0.
10....... 47.0 238,800 ..... 90.0 6,183 6.8 1406,l000~ 1),
12....... 47.1 235,000...... 93.0 6,183 8.13 1,443,000 1).
14....... 47.2 2-33,000. . 95. 0 6,18 0 .20 1460,000~ Do.
10....... 47.4 237,400..:::: 90.0 6,183 0:31 f1407,000 1)O.
17....... 47.6 238,200...... 96.0 6,183I 0 38 1,619,000, Do.
18....... 47.3 238,700 ....... 97. 0 6,183 8.23 1,487,000 1)0,
19....... 47.0 228.000...... 94.0 6,182 6:43 1,471,00 1)0,o
21....... 46.0 230,800 ..9..4.0 6,182 6.02 1,368,000 1)O,
23....... 44.5 224,100 ...... 92.0 6,181 56.0 1,200,000' 1)0

Dec. 23....... 11.8 64,000 32.4 61. 6 1,976 3.86 240,000 1)0.
24, a.rn.11.. I2 62.400 31.6 60.0 1,977 3.83 239,000 Do.
24, p. n... 11.1 63,000 31.9 60.5 1,977 3.72 235,000 D)o,
2(1.. 10.2 00,300 30:9 49.0 1,956 3.70 223,000 Do.
27.... 10.2 00,000 30:7 49.0 1,956 3.82 d239,000 Do.

O bservatlonsby M. Ri. 0. second distrlotoffleer. April resuiltsredutceul inithe distriotoffice. 1)ecemher
results In the secretary's office. fligh-water secilon was about 900 feet below the wharf boat. Low-
watersection of 1890 and high water of 1801was about 7;200 feet belowvthie wharf boat. Tabulation,1Report
Chief of Engineers, 1891, pi. 3530.

b Discharge through Austin crevasse, Apr. 3, 37,370 cubic feet per second. Austin Is about 18 miles
above Helena.

c Discharge overbank Is. N. 0. & T.' R. R. Apr. 7, 11,206 cubic feet per second.
d The recorded velocity at station 3 for this dlay seems abmnorally high; interpolating a velocity (or

station 3 as observed on the 24th and 20th, the discharge for this day becomes 224,807 cubic feet per second,
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Result, of discharge observations, Mississippi River-Continued.

HELENA, ARK.-Continued.

Gauge Area of Dets eanc 1)lscharge
Date. read. cross Width. vtyelor- per Method.

lng. section. Mea, mail- sitond second.

1891. Fees. q.ff Feet. Peet. Feelo,' Feet, Ciblc feet.,
Mar. II....... 43.6~ 217,000 37.6 82,0 ,706 6.08 1,1323,000 D~ouble floats.

12........ 43.0 218,700 37.7 83.0 6795, 6,24 1,30,00Io O.
13........ 43.7 219,500 37. 9 85.0 6,796 6,23 1,308,000 1)o,
17....... 44.0 220,900, 38.1 86,0 6797, 8,24 1,378,000, Do.
18....... 44.0 223,300 38.5 85.0 6797. 8.47 1, 444,000: Do.
10........ 44.1 221,700 38.2 85.0 ,797 8,20 1,380,000~ D)0
20........ 44.2 226,000 38.8 85.0 6,799 8.C32' 1,422,0600 1)0,
21........ 44.3 226,800 38.9 85.0 6, 7099 1A66r"000' 0).
22....... 44.4 223,300 38.6 86.0 6,799 68:42 143(X)0 Do.
23 ....... 44. 4 222,300 38.3 85.5 6,799 8.39, 121:000 1)0.
24....... 44.5 224,900 38.8 8so.0 6,800 8.34 1,420,000 Do,
26~~~. .~~ 44.7 224,100 38.6 86.0 6,800 6.36 1,420,00o

20 ....... 44.7 227,400 39.2 85,0 6,800o 821 1,423,00() Do,
27........ 44.7 226,600 38,9 8J.0 6,800 8.36 14,433,000 1)o.
28....... 44.7 229,5600 39.6 8. 5,0 825 1,434,000 D~o,
30....... 44.7 22,50W 38.6 8(1.0 6,800 ........0.
31........ 44. 7 227,000X 39.1 87.0 6,800 6,21 1,1,00 lo.

Apr. 1........ 44.8 2124,800 38.8 87.0 6,800 6.20 1407,000" Do.
2........ 44. 6 227,100 30,2 86.0 68:)0 8,36 1,412,0001 Do,
3........ 44. 5 2-22,000 38.3 85,0 6800 8.35 1410o,000 IDo.
4........ 44.3 221,100 38.1 86.6 6,800 6.13 1,3M,00OM Do.
6........ 44.1 220,500 38.0 87,65 6,800 6.16 1,350,000~ 1)0.
7........ 44.1 218,400 37. 7 80.65 6,800 6.18 1,361,000, IDo.
8........ 44. 0 210,000 37.9 85.0 6,800 6.156 1,362,000 1)0,

..0 .... 44. 0 226,200 38. 0 86.-0 6,799 6.96 1,311,0OM )o.
10....... 44. 0 222,400 38.4 86.0 6,700 6.0 13,00 1)0m(mD.
it........ 44. 0 220,300 38.0 80.0 6,700 6.27 1,381,000 Do.
13........ 44. 0 223,000 38.5 85.0 6,799 6.10 1,381,000 Do.

8ept. 30 ....... 4.7 62,000 31. 8 49, 6 1660 2.70 142,000 Do,
Oct. 1....... 4.4 60,300 30, 6 47.8 1,047 2.6 128,000 1)o.

2........ 4.0 49,600 30.1 40.8 1,045 2. 67 132,000 Do,
3........ 3.7 60,2(X) 30.6 47.3 1,43 2. 50 12,0001)ooo.
6........ 3.3 60,600 30. 8 47. 7 1,642 2.064 133,000 1)o.
0....... 3.0 60,600 30.8 47. 7 1,038 2.651 127,000o Do,
7.. .2....117 40,800 30. 6 47.9 1033 2. 63 1201,000 Do.
8........ 2,6 48,700 29. 8 40. 9 102 2. 42 118,0() Do.
9.~...... 2.2 48,1100 29.8 47.1 1,0631 2.48 121,001) 1).
10 ........ 2.0 48,900 30.1 40. 8 1(127 2.43 110,0)Im o.
12....... 1.7 48,200 29. 7 47.3 1,24 2.25 108,0()0 1)O.
13........ 1,0 47,900 20.6 40.0 1024 2. 19 105,000 D~o.
14........ 1. 6 48,200 29. 7 47.1 1,24 2.22 107,000 1)O.
16....... 1.4 48,200 29. 7 47. 1 1',026 2:20 010,000 1)O.
10 ....;... 1.3 47,0 29. 6 40.8 1,24~ 2.20 105,000 Do,
17....... 1.4 47,200 29. 0 4I1.4 1,26 2,20 108,000 Do.
1o0........ 1.8 48,000 29. 6 40.8 1,030 2.43 117,000 Do.
20........ 2.0 48,100 29. 6 47,1 1,032 2. 44 117,000 1)0.
21........ 2.2 49,000 30.0 47.0 1,35 2. 43 119,0o(0 IDO.
22......... 2.4 48,800 29.8 46.9 1,038 2. 66 128,000 D)0.
23........ 2.5 49,100 30.0 47.1 1,40 2.564 126,000' I)o.
24..... 2.5 48,700 29. 7 40. 8 1,40 2. 49 121,000o 1).
20.-..'::: 2.4 48,100 20.7 46.6 1,639 2. 62 123,000 1)0.
28.....2.0 48,200 ~ 9. 6 46. 7 1,036 2.30 113,000 D~o.
290...1.9 47,800 20.2 40.7 1033~ 2.41 115),0((O D)O
30........ 1.8 47,00 209.2 40.0 1031 2.25 107,000 D~o.
31........ 1.7 47,100 28.0 46.8 1031 2.20 104,000 1)o.

Nov.2 . . ~~~~~~1.6147,700 29.2 47.1 1,32 2.1 115,000 10
3.. . 1.5 47,200 28.9 462 1,02 2.30 108,00 1)0.
4....... 1. 4 46,700 28.6 46.2 1,30 2.32 108,000 Do.
5........ 1.3 46,300 28.4 468 1,020 2.32 108,000 1)0.
6........ 1.1 46,1100 28.7 46, 1,024 2.20 107,000 Do.
7.. . 1.0 46,400 28.0 45. 7 1,1122 2.24 1041,000 lDo.
9....0.0 46,5600 28. 0 435.4 1,1123 2. 40 109,000 Do.
10....1...I0 45,000 28. 2 4:3.3 1,024 2. 32 100,000 Do.
11....... 1.0 46,800 28.2 44.8 1,02 2.9 1051,000 Do.

1802.b
Apr. 18....... 42.6 200,300 40.5 97.0 6,099 6.21 1,074,000 Meter.

iq......... 42.7 216,600 42.3 97.0 61,099 4.893 1,040,000 ,Do.
a Observations, 1801, by M. R. 0. second district officer; reduction In secretary's office. Lw-water

section of 1891 was about 4,600 feet below the wharf boat. Tabulation, Report Chief of Engineers, 1892,
page 3130. Report on observations, Report Chief of )Englneers, page 3119.

I, secton is; approximately same a66 1823 89 and ks %bout 300 feet below the elevator, Observations of
1892 and 1893 taken under M. R. C. second distriet r'fllcer. Reduction at secretary's offlee. Tabulation,
1892 Report Chief of Engineers, 1893, page 3084. ILeport On observations, Report Chief of Bngineers,
1893 page 3064.

H. Doc. 60, 61-1-18 *
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Residte of discharge observations, Misaisippi River-Continued.
HELENA, ARK.-Cont1nued,

Date.

1892.
Apr. 20............

21 ........
May 3.........

4............
6............
o............6.

7.............

9............
10...........
11............
12............
13............
14' ...........
16............
17............

June I............
2............
3............
4............
6............7............
8............
9............
10............
11.
13............
14............

16....
17....
18............
20............
21............
22............

Oan

Ilg.

Feet.
42.9
43. 2
44.6
44. 6
44,8
44. 9
46.0
46.6
45.7
4ff.7
46.7
45.6
46.3
44.8
44r0
44,7
44,7
44,7
44.41
44.0
44.0
44.8
44,7
44. 8
44, 9
46.0
46. 1
46.1
46. 1
46..1
45.0
44.8
44.06
44.4

Gnuge Area of
Date. red(- crr0s5

Ilg. section.

1893., Feet. Sq.lt
May 9 ... 43.1l10...:...43.3 193, 9W

11 ....... 43. 6 100,600
12....... 43.7 19s,Q00
13....... 43. 8 202,70)
16 ....... 44.2 250,200
16....... .... ..

16.... .. 2...
17 44.43 20(,100
17 44. ,10O
18., .. 44.9 211600
19. 45.2 206,200
19....... .....
20 45.7 213,600
22. 46.9 227,400
23 47. 231,200
23....... ....... ....

24 47.7 218,300
24....... ....... ........

26 47.9 2-23,400
26...............
26. . 47.8 220,700
28. ....... ........
29... 47.0 217,800
29 ... 47.0 217,800
31... 45.9 210, 800

... 46.8 211,200
^ ........ ......... ....... .

2 ¢. 46.7 210,100
5. .3 208,600

Area of
cross

section.

Sq.ft.
217,00
216, 0W
219,300
221, 700
22,400
226,400
220,60
227, 80)
229,200
20,800'

22 ,

228,300
226,800
2T2, 700
220, O9
221,200
218,300
210S,(400
218,200
219,100
221,000
23,000o

224,60
225, 00

226,300
2213, 400
227,100
228,'200227,100
226,000
2241,700
224,800
2256,200

Depths.

Ma.Maxi.M~ean. muni.
Feet, Feet,
42.7: 96,0
42.3 91..0
42.9 98.4
43.3 07.0
43.43 90.0

44.0 00.0
44.3 90.6

44.6 9o.0
44.8 97.0
46.1 97.0
44.8 97.0
44.9 97.0
44.0 90.0
44.1 96.0
43,6 90.0
43,2 95.0
43.2 90.0
42,7 95.0
42.9 94. 0
42,6 06. 0

42. 8 S0. 0

43.2 901.0
43, 0 0U.
43.8- go .0
44.1 90.0
4.1,0 96.0
44.2 90.0
44.4 90).0
44.6 95.0
44.4 00.0

44.1 01.,0
44.3 95..0
43.9 90.0
44.0 90.0

Dopths.

Mean. taxl-

. Peeft.
38.3
38.9
38.2
39.7
40.7
41.2

, ......
42.8

4'1.3'42.4
41.3

26.845.6
40.3

43.7

......44.7

44.1
.... ..
43.3
43.6
42.2
42.3
.... ..
42. 1
41.4

eet,
86.80
87.2
83.6
90.0
90.4
91.3

94,41

01.0
01.8
89. 1

8 :i,1
92.7

95,6

9...8
93.8
......
94.0
.....
94.0
92.0
92.0
91.5
.....
......
91.0

Width

982
4,998
4, 983
4,983
4 983

4,984
4,984
4,985

4,1988
4,994
4,996

4,999

4,1999
4,998
4,9984,992

4,902

4,992
4,990

Mean
veloc-

lty
per
sec-
ond.

Feet.
43B.19
6.20
0.24
6.17
6.19

6.24
6.32
8.46
6414
6.26

,09

6.35
0.40

6.32
6.60
8.87
0.83
0.87
6.81
6.91
O.0g
6.98
6.86
0.83

8.00

6.67
8.62
6.04

0.61
6 4

6.40

Width.

6,100
),101

6,18
6,118
6,118

6,118

6,110

5,119
6, 11

5, 17
6,119

6,117

6,117
6,117:
6,117
6,117
6,117

6,117
6,117
6, 118
B 118
6,118
6,119

6,1190
6,1to
6,119

6, 119
6,119

6,,119
6,119

6,119

Meantveloo-
ity per
second,

Feet.:
6.04

b. t46.16o
6.61
6.44
6.04
5.67
6.46
6.47
5.W
&76
6.72
676
6.70
6.63

6.05

6.40
6.39
6.37
6.43
6.37
6.42
6.40
6.36
&'42
6.36
5.42

6.42
6.47

`6.
'6.60
6.40
6.30
&16

Discharge per

River.

1,:13,0
1202,0

1,189,00

1221,000

1,266',000
1,280,000,
1,29,0
1,300,00

1,28i,000000"j
,344,000

1, 332,
1, .30000
1,410,009
1,449,00
1,680,000
1,543,000
1, 487,000
1,608,000
1 640 000
i, c:o, ooo
1,513,~000
1,607 000
1,437,000
1,453,'000
1,373,000
1,402, 000
1,376,000
1,376,000
1,,333, 000

Bank.

'CuIt,

7,000
8000

8000

8,000
8,04)0

9000

9000,M0010'000

10,000,

11,000

14,O00
14,000
14,000

14,'000'
14,00013

13,000

11,000

11,000
10,000

asowtlon was 4 600 feet below the whariboat. Tabutlation, Report Chief
Report on work, Report ChIef of Engineers 1894, p. 282.

b Observed; floats used.
eArea Interpolated from June 1 aud 6.

Discharge
per

second.

Cubic fBeet,,
, 098, Q000
1,114,000t
1,209,000'
1,200)000!
1,211,000
1,266,000
1,233,000

1,24000ooo0
1,290,000'
1,320 000

1,321, a000
31,316,000,
1,271,000''
1,260,000
1,247,00

1,194,000

1,177,0060

1,186000")
,177;000,

1,197,000
1,203,000
1,200,000

1,222,000
1,207,000
1,227,000
1,231,000
1,247,000
1,210,000
1,266,000
1,237,000

1,191,000
1,1161,000

Method.

Metor.
Do.
Do.
Do.
Do,

Do.
Do.
Do.

Do.

Do.
.- Do.

Do,
Do.
Do.
Do.
Do.

Do.

D)o.0 Do.
Do.

Do,
Do.
Do,D)o.

Do.
Do.
Do.
Do.

second.

Method.
Total.

I

1, 210,00 Do,
l ,1i97, 0001: Do.

1280,00 ",,Miter,|sytS4 t -<DohbI floats.
Motor.

S-316-000;1Duble floats.
~120'0000 Meter.

i ,206S,000 D 1)o floats.
1,364,000, Motor,
1343, 000 10,

11313,;000 IDSIO floats
11,42,000. Meter.

1,462, 000! Do Ibl floats,
1,694,000 Meotr.
1,560 000O I)ouhle floats.
i 1, 000 Meter.
1,512,000 1)oublO flOatS.
,6565,000 Mfotr.

1,674,000 1)oiOlo floats,
1,627,000 Motor.
1, 621,00 Double floats.
1,449,000 lMeter.
'1,0 , 000 Double floats.
1,385,000 MOter.
1,413,000 Do.
1,387, 000 Double floats.
1,386,000 Meter.
1,344,000 .Do0.

of Engileers 1894, p. 2828.
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Rauw a o/dicwAge obaervationa, Misrinmppi River-Continued.
HELENA, ARK.-Conlue4u

(300 miles below Cairo.]

GauG¶e Area ofremf! CrossIng. section.

Feet.
- 1.7

7.1
7.9
8.9
8.9
9.7
9. 7

10.4
10.4
10.4
10.4

42. 8
c43.6
44.7
46.4
lf6.8
47.7
48. 4
48. 4
49.0
49.0

.4

.6

.6

1.0
1.0
1.0
1.0
1.6

45. 6
48. 9
47. 6
47.6
48 0
48. 4
48. 8
48, 8
49.0

36,000

57,90069,5600
01, ;1w
613,000
03,400
65, (0065,300
64,60066, (0085,000

191,400100,300
200,700
200, 000
i7,7000

204,800
210,600
210,600219,800
219,800
47,100
48,000
49,200
48, 100
49,400
49,300
60,10049,G0049,000
49,600

198,100206,100
20,80020,600
214,000
212,200
213,:'300
213,600
216,400

Depths.

Miean iMaxi-
linUul1.

Feet.
19.118.7

30. 5
30.7
31'.0
31.8
31.6
32, 4
32, 5
32.1
32. 3

39,00
38. 7

40. 2
41. 6
42. 7
42.7
44.6
44.6
26. 9
26. 4
27.1
26.4
27.1
26. 9
27. 3
27. 0
27. 2
26. 9

40.2
:41.8
42.3
42. 6
43 4
43.0
43. 2
43. 3.13. 7

Peet,
47.0
47.0

51, 4
63. 8
:3, 864.1I
56.0
57, 6

.60,50.166.W.50f.0

83. 9
88.0
87.8
88, 0

89. 7
89. 7
93.1
93.147, 4
47.6
47.0
47.2
47. 3
47.6
47.b
47.5
47.B
47.8

9.3, 6
98.1
95. 4

95.0
9?.2
96. 7

Width.

1,018
1,918

,955
1,9O51,980
1,080
1,985
2,005
2,010
2, &10
2,010
2,010

4,910
4,9214,016
4,921
4,926
4,9204,926
24,90
1,81T7
1,818
1,819
1,820
1,820
1,833
1,834
1,836
1,80
1,815

4,925
4,933
4,933
4,933
4,933
4 ,033
4,933
4,933
4,933

Mean
Veloc- -
Ity
per
sc¢-
ond.

Feet.
2.63
2.44

3.41
3. 42
3.60
3.72
3.0
3.f63
3. 80
3.78
3.76
3.52

.9,36,0
6.20
6.22
6.27

6).82
6.48
6.76
6.74
2.10
2.09
2.13
2.07
2.06
2.17
2.20
2.18
2.17
2.30

O6.43
86.42
8.82
6.56
6.49
6.62
6.88
6.68
8.47

Discharge per second.

River.

93,000
88,000

197,000
204,000
219,(00
229,000
224,
224,00
247,000
247,000
242,000
228,000

1164,000

1,266,000
1,281,000
1,240 000

1,43,00(O
1,3M), 000t
1,480,000-1
1,481,000'

99, 000

101,000
106, (WX)

102, 00

107,000
110,000
108,000
108,000x
114,000

1,274,000
1,324,000
1,424,000
It37X2, 000
1,3, 000
1, 405, 000
1,425,000
1,405,000
1,394,000

Bank. Total.

Cu.lt. Cu.lt....... .. ...........:........... ...I......

...........

,...........
...........
1....1....
...........

1,........
...........
...........
...........

Method.

Meter.
Do.

Double floats,
Motor,

1)o.
Double floats.
Metor.
Double floats.
Meter.

1Do.
D)o.

Double floats.

Meter.
Do.
Do,
IDo.
Do.
Do.
Do.

Double floats,
Meter.
D)oible floats.
Meter.

Do.
Do.

Double floats.
1)o.

Meter.
1)o.
1)o.

Double floats.
Meter.

Do.
Do.

Double floats,
Mtoer.

Do.
Do.

Double floats.
Meter.

Do.

Discharge section Is at some place as In 180, which Is about 7,200 feet below the wharf boat. Price
meter used, Obseratloios under the direction of the first and second(l district olileor M. It. C. 1Report
Chlef of Enngineers 1896 p, 354. The gauge used was the U, S. Exingineer gauge at Helena, whose zero Is
161 .08 feet aiove Cairo datun plane.

The discharge section was about one-halt nille below Ilelena. U, S. C. & 0. S. @ N. Base, on rlght
bank, was in line of section. The float ol)sorvat tons were taken with (lotible floats, the lower float being
at nlid-depth. The meter observations were ma(1lo with the l-askell mneter held at 0.6 (lopth, generally for
five inintites. Observations and reduction made un(ler direction of Capt. II. 1:. VN aterxnan, Corps of
Engineers, secretary Mlississippi River Commission. Report Chief of Engineers, 1897, p. 3853.

o \N ater just over'bank at this gauge reading.
d Right bank.
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Date.

1895.a
lot. 24, a. n .

24, p. .

1896.
Nov. 18.......

19.......
20......
20.......
21.......
21.......
23.......
23.......
24.......
24.......

1897.b
Mar. 12.......

13.......
16.......
16.......
17.......
19.......
20.......
20.......
22.
22.......

Nov. 17.......
18....
18.......
18.......
18.......
19.
19.......
19.......
19....
20.....

1898.
Apr. 9.......

11.......
12.......
12.......
13.......
14.......
16.
15..16.;..

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



WAT'ER1WAY, ST. LOUIS TO TE: GULF AND CHTCAGO.

Results of discharge observations, Missi&sippi Ritr-Oontinued.
HELENA, ARK.-Continued.

[307 miles below Calro.]

Date,

ti,
0

4,5

0

i
n
W d
Q00

0'4

.4

Depths.

9

I ._.

I11
;S 1 -- Ag

1i)()1 ,a jeelfe. Sq. ft. t'ee. Feet.
1901,. b0 l, 100 31. 7 49.0

i)vc. 3, B. . ........

3,P. in. ... . . . . . . . . ....... ........ ......
4,l m.. 1. U5 (53,200 33. 0 fO. 8

)i.17 12,200i 32.4 49.8

4,p, in .........

................ ......

5............... 6. 0003. ...

Depths.
Gange Area of

Date. react- cross WW'lI

1903,c
Mar. 20......

21......
22......
23......
24......
26a. in.
26 p.

26......

1904.
Apr. 6 o...

9.....
10.....
11...
12.....
13....
14....
16...

Feetl
49, 36
49. 70
60. 03
.0, 40
,. (iX

60, 88

6. 90
61.00

43,20
46. 65

41,.30
40.90
47.23
47 48
47,01
47. 02

S..~

208, 1(t
215,400
211, 4W
210,WO
212,000
228,700

218, lv1

193,200

h202, 300
207, 400
209,3(10
20, 700
i206, 800

Meann. -`-ril

Peel. Feet,
40. 2 98. 0
11,1 101.0
4(1.8 1lo,00
40.0 101.3
40n. 101.3
44.2 105.3

42.1 107.3

37.0
39. 4

39. 8

41.0
41.0
42. 3
41,8
41.8

'i
...

4.8
90.8

.f.....
06.6

90.6
97.8
......

. _.

lefit.
5, 178
6l,178
6,178

6,,1786, 178
6, 178

4,903

4,90K3
4,02(~7
4, 930

4,946

4,045

,9464A,046

IF
1,1 1)

1i;1,4(')

k

t'.

-'v

~q

Yeel,
2. 10

1.87
1.903
1.90
2.10
1.0(x
2. 03
2.19
2. 05

2.22

9

A

IiM

09

.M
A

1 12, (K)O
10,000

10(1,000

114,000
11)7, 000
118,000

Method.

1)oiblo floats..
hMotor .........

.....(10.

I.....(lt, . . . .

:Dolblo nflots..
Motor .........
,,,, (to . .......@
Doubllle floats..
Meter .........
1)ouble floats..

..

Mean 1lscharge 1er second.
veloc

th. I|y
per

seeC- Ritver. flank. Total.

ond.

Feel,

0.,24'
6, 22

7. (07
6.71

6.30
0.86
(. 8(
(1. 81

70
6.71
0.82
6.61

Cu.!!.u
1,209,000
1, 339, 000.
1,387,000
I1,413,0O00
1, 370, (00
1,489,0 0
1,O17,
1,4(4,000

1,144,000
1,323,000
,335,000

1,377,(X)0
1,103,000
1, 404, ()00
1,410,01)0
1,308, 00)

Im~("t.d
9),000

02,000
1064,'000:

/ 07,000
(18,000

/11,000

2,0002, 000

2, 000

2,0001:2,009
I2,0001

;,368,0000
11, 401,j ()0
1452,0CO0
148,000w

1I 43s;0(10

I1,11841,000
I1,634,000

1,1t6, 000
1,)3'25,000

I1, 3.3(1,1f)0
l1, 37l,000(
1,405,009
I ,100,(10
1,412,00(1
1,370,()(0

Corrected.

Q

S. f. ._.' fi
.S'q, 'l, Cu.J,,

.........101,I(XX

........ l1i, (X60S2 118,0100

654 1 12,0 (X)
........ .121, 0)
........ 113, 01)

6(;2 125:,0

Method,

Motor,
1)o.
1)0.

Do.
1)o,
D)o.

)olible floats.
Meter,

Do.
Do.
Do.

Double floats.
Motor,
Double floats.
Meter.

1)o.

a From the survey made In March, 1903, In whIch tile stame trialngulatfon statIons itsed In 1901 on tho
right bank were agaIn occupied, It appears that an error wais uad(e In 1I01 In tile lengtl of tile base line
115ed( on the loft bank on Whlh the WIdth of disolicnrge section (ldepende. 'his haso was oi a san(l 1,ar,
and the hubs wvorre washedol as the river roso Inhiuedllatoly after thle observatIons of 1901; a roineasure-
ment of the original base was therefore tul )ossIl)l.o
The areas of cross seetlon awil dlisharges lhavo b)een recoliputed fIn 1906 tIsilhg the new value of the base,

and the results are given ili tho columns marked "ICorrected"( In tho tnae herewith. 'i'he lleW wIdth Is
1,707 feet. l1'ho orIgInal results are also given In tilo table. Itesults of 1901 In Rteport of Chief of Enghineurs
1902, .sulpleinentj page 71, MIssIssippi Ritver Coilnilssilo guge, at- elenna %hilose zero Is 101.98 feet

aboellt to C airodtum piane. Observations and(1 reduction of190()1 made under (lireotlon of Capt. 0. 1';Howvell Corps of engilneers, secretary Mississippi HI ver Commission,
b 1)Derved froi four sets of soun(lings.
cDerived from two sets of soundings.
d Derived from three sets .f soulings.
eObservatlons an(l reductIon of 1901 and 1903 mace tender directIon of Capt. 0. P. Howell, Corps o1

Ineers, secretary Misslsslppl Rtiver Comimilsslon, thoso of 1001 m1n(lo10under (drectlon of Capt. WIfflabn
B eCorps ol niueers secretary Mississippi River Comimisslon. 1)iseinrge section same S use(l
In 1898, about on0-half mile blow Helena. Resu Its of 1903 In report of Chief of Engineers, 1903, Supple.
ment, Page 113; results of 1904 In report for 1905, Suplilelilent, page 118. Mississipp I iver Commission
gauge, at hlelena whose zero Is 101.98 feet above thoe (faro (datiil plane. Iin 1904 at Ilaskell and n 1 rIce
meter were run simultaneously and the weighted means usedI

/1903, overbank disollarge measured on left hanik. All overbank (Ifseharges derivedl from measureintil
made on Mar. 21. 1904, overbaunk discharge nIeasuierd on right bank. A overbanilk discharges derived
from measurement made on Apr. 10.

P Soundings of Apr. 7 mainly used for cross sectIon of Apr. 6.
A Interpolated.
i Area of Apr. 14 corrected for Whange of gauge.
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WATEBRWAY, ST. LOUTS TO THE GUXF AND CHICAGO.

Results of discharge observations, Mississippi River-O6ntinued.
HELENA, ARK .--Continued.

Date.

IW/).a
Apr. 14..................

1;..................
it;..................
17

18..........

Date.

lI 0,a
AI)r. 1i1 ..............

Io..................
16..................
17..................
18..................

Stand-
ard

gaugo.

Feet.
10. 08
46i, 42.1.12,',
411. *i2
47. 03

Scouir t
fill.

Sq. ft.

+ ;3, 78

-5,0:1

Gauges. Cross section of dischari

Area. I)ej

Change__
Local. in 24

hours. Water. Below Nean, Mean

datu_. (tatumn.

F'Ew. Feeel. Sq.ft. Sq.f t, ]Fetd. Feet.
........ 0. 70 200,006 203,590 42, 0 43.0

........ + .35 109 (11I1 ?01,021 41. 8 412,4

........ + .33 20,1:35 205,707 42.0 43.2

.........+ .17 201 .......... ........ ........

........ + .16 19U,771 100, 771 11.9 41.9

Mean | E
or velocity Discharge Method. o

pOr lper second,
-second,

Feet. If.

80 1,178,050 Meter 13 83

9;1 6}.016 1,223, 52.28 o.. .......... 17 71
56.91 1,21I,,5:l (I0 ..... 64
5.. 02 1,i,5t. D)ouble floats ..

0i) 6. 30 1,28,O089 Motor'.10 77

ge.

A)th.

Maxl-
U11,11ll. Width.

'Feel. Feet.
I(i5.0 4, 703
09,8 4,703

102.4 4, 703

_00.0 4, 703

l)irectlon and
force of wind,

VIII. Light.

Xi[, Light,
Caluum.

Do.

Date.

_1007.b
Jan. 28.................

29.................
30.................

Feb. 1.................
3.................
4.................
t.................
U.................

Date

)07. b

J3Q1. 28 .........
29 ..........
30.........

Fob, 1.........
3.........
4.........
5.........
6.........

Scour o
I l 1.

Sq.fl.
..........

_- 1,13

..........

-2,305
+ 145
--,83S4

Claulges.

a(IM (I

ari JI.ocal.
galulg.

I('lhanl.
In 24

hon rs

| tel. |Feetl Fel
156( .......+0.

I47~. :s ........ +
lt17. 0...... l

491!. " . . ..*....* +
.',! ) .2 ... ....1 +
w.' 4 ...... +
0'4 .... .

r vseloelltv, Dilschalrgc
tr.. I)e -seeod

8o8

second,

JPerl,
1. 34

81

7. 42

7. 49

7.23
I 47

6. 48

C11.ft,
1,281,003
1,3'12, (115

1, 401,014
1,5;81, 132
1,(031 ,02t0
1, S5, (1652
1,407,037
1,414,310

Cross section of dischargee,

Area. Depth.

water. fealo Mean . dth_datutin. an, . ittln. mul.1 -

Sq.fIt. Sq.fJt. Feel. Fete. Feet, Feet,
, 202,( 72 221,313l 1I.0 45. 8 111.0 4,940
,( 203, 8418 224, 127 41.2 435 113. 0 4,040

20,6,98 222,514 41. 45.0 108.0 4,040
9 ....... .. ........ ........ ... 4, 944

6 217,64( 220 110 41.0 44.6 12.l0 4,46
.3:{ 21!,21)Z5 22(),2(i4 41.3 44.5 1,13. 0 4,940
2 217,430 217,430 44. 0 44.0 1'O7.0 4,04(1
.( ...... .... ...... .... ........ ............. ........ 4, M

charge Total MIS-
Over charge of 9' 1)iIeIIOU

~methodl f i force

lanik river l)0or of wind.

per second.
second.-.

3l3,0 0 1,tJ318,m Meter......... 13 84

37, 13( 380,046 ..... (1o....... (1 04

41,848 1,44:3,4(2 ..... (to ....... I 0t10
3,206 1,0:31, 337 .....(lo........ 11)1

61) 144 1,601,170. (lo..13..
(12,037 1,6147,6iO ..... (to....... 17 f8
(13,299 1, 470,03,10 Double floats.. 11 26 IT. Light,

03,299 1,477,609 .... do.0..... 11. lBrisk.

a Observations and re(liotions lua(de under directIon of Capt. NV, 11. Iaduile, Corps of lEngineers, U. S.
Army, secretary Mississippi Itiver Commilsson. Zero of Un1(te(1 States engineer standard alge Is 101.08

feet ie)ov the bCairo datilm pllane. The (datlian llne for coni)Ilit ilg dati m arenas was at 17.03 feet, on tho
eauge, T'l'he (Ilsehargo section Is etbout one. h'lif mile lelow Ilelena an(l Is 0mIe same as that used In 1904.
8ommd(ilngs of AIpril 17 are Inalily interpolated fromum the Ii6thm and 18th. Velocilies wero measured with
Price meter No, 38 except on Apill 103, when Price mumotor No. 265 was use(d nn(I on the 17th when No. 25
was med(1 on pahrt o thll sectIon.

b Observatlons and reductions nma(le under directIon of Capt. 0. It. Lukesh, Corps of Engineers, U. S.
Army, secreary, Mississippi liver Commisslon. ilelena, tmmi!te(d States engineer gauge; zero is 1(1.98
feet above the Calro datimn plane. The datitl line for comuplting dalitl areas was talen at 50,4 (eet on

the gauge. 'T'ho readings are given for timed of discharge obswirvatIons; the rise or fall Is computed from the
8 a. m. readings. Price meter No. 38 was used. Thme discharge section was the same as that used In 1904,
about one-half infle below Ileleuna, Ark. Overbank (lischarge was on the left bank. It was measured on

February 2. All gverbank discharges derived from this moasuromouot.
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WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of discharge observation., MiU8t88ippt River-Continued.
HELENA, ARK.-Continued.

Daste

1008.a
Mar. 23................

24 .................
25.. ............
20 ...........
2.................

28..

29 ..............
30................
31.................

Date.

1908.a
Mar. 23....

24

26.. ..
26i.. .
27...

29....
30....
31....

Scour
or f111.

Sq.Jft.
..........
,.........
.........

)6.

.........

.........
+2, 125
-3,091

Gauges.

Stand.
ard

gauge.

Feet,

44.83
46.00
4b. 12
465 18
45.12
45.(0
44,90

41.68
44. 30

Mean
veloc-
ity
per

second,

Feet,

7.24
7.10
6.48
6.5ib
6.679
6.57

0.47
6.46

Local,

Feet.
........
........
........
........
........
........
........
........
........

Discharge
Iper

second.

Cu.ft,
1,335,168
1,317,582
1,200,437
1 224 655
1 287 (46
1, 224,64M2
1, 2'22, 221
1, 2(, 426
1, 172,717

Change
In 24
hours,

Feet,
+0.30
+ .16
+ .16
+ .08
- .08
- .08
- . 12

.26
- .30

1)is-
oharge
over-
bank
per

.second.

.u.ft
20,7b0
21 335
21,701
.22, 014
20,894
19,0 83
20,010
18, 957
17 871

Cross section of discharge.

Area. I Depth,

Water.

Sq.It.b184,470
185, 600

b 184, 046
b 187,102
186,876

b 18N 303
b 187, 924
1861,390
181,946

Total
d isolargo
of river

per
second.

Cu./tt
1,35, 00R
1,338,017
1,228, 198

1,240,0(I
1,308, 639
1,2-14,225
1, 21 .', 2l61
1,2215,382
1, 190,

Below

datum.

Sq.JIt.
..........

..........I

..........

180, 001
185r, 010

Mean.

Feet.
3.8.2:SH. 2:18.,i
38, r5
:38.7
38.7
38.6
38.9
38,6
37.0

Method.

2 motors.......
Moter .........

..... (to.
2 motoras.......

.....do........... ...ou .....I~ ...

I. j....do,........

Mean Ataxi-
latumn. mum.

Feet, Feet.
........ ........

38.6 98.0
........ . ........

........ ........
38.7 09.0...... .... ........

39.W2 98, 0
38.6 W.90

Ve-
locity
sta.
tons.

14
16
10

16
16
10)
13
13

Sound-
Ings,

........

........

........

........

..... 6.

80

Width.

Feet,
4,835
4,836
4,835
4,835
4,835
4, 836
4,835
4 835
4,835

Direction
nndi force
of wind.

XI 11iht.
iIt,

VI tfr.lk
V light
VIiiiit.
V II ~ht,

VIlight,

OLD TOWN 131BND.

(Discharge section In Old( Town Bond, about 325 miles below Cairo, T'he gaugc rea(ldings In the table are
those of th& Unite(d States Ei'nglneer gauge tat I[elena, Ark,, albuot 18 miles al)oo lio semtionl. 'I'he
osobrvations and rodtuition were made under the (liretilon of the Milssissippi River Commission, sceonld
district ofliler, I)y Assistant Chas. Levassietir.]

Date.

1894,
Nov. 8, a m.

8, p. in.

9.......

Wa

Feet.
-2.2
-2.2
-2.2

S . ft.

Mz, 20060,200

60,300

Feet.
28.8
28.7
28.8

Feet.
62 f5
62. 6
2.6

Feet.

I1,746
1,745

1,746

Feet.
1.63
1.75
1.75

MNietho(l,

770(X) . I.ter.
88,00.Do.

88,000 ............... ')o.
a Observations and reductions mado under direction of CaMt.a. H, Lukesh, Corps of Enginecers, U. S.Army, secretary Mississippi ltiver Commission. 'Oro of Unltled States engineer standard gauce Is 1(11.98

feet above the Calro datum pl)lane. Tl'h readings are given for the thneo o0 (disliarge observat ons. 'Vito
change in twenty-four h ours Is computed( from tlhe 8 a. ni. readiings. The disehargo section Is about one-
halt mile below hfelona and Is the same as that used in previous years. Overimank discliarge iieiLired on

the left bhnnk on Mfar. 26 and 29. All otfhor overbank discharges derived from the-se measurements.
b Interpolated.
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WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

Results of discharge observations, Missiuippi River-Continued.
ARKANSAS CITY, ARK.

Feet.

3.20

3.34

3.6

3.46
2.08

2192

2,80

2.81:2.914

2,82s
2.71
2.77
2.08
2.69
2.71
2.00
2,72
2.69
2, 76
2.77
2.74
2.07
2.67
2.68
2.49
2.60
2.40
2.'37
2.38~
2.36
2,27

2 42
2. 44
2. 62
2.36
2 -10

2. 31
2.3O
2.6452,04~
2.01
2. 62)'
2. t8

.2.43:
2. 43
2. 40
2. C43
2.42
2S.34
2.44
2 08

2:86

2.X

2

2.92
:3. W
3 14

2.03

3.08
.2.86
2.90
3.04
3. 49

l)Lscliaro )fr second In
fooLefeol.

River. Bank, Total.

466,000 ............
486,

at.39,'0 .......

&AI); now * ............
6.62,000.
'82,000.
.47,

4()li.0C I...................
47,000.J
414,0(0,.I......./X.... ...........

4,000 ........
418,0 ........ ...........

364 O(O ........ ...........370,000X......... ..........

362, 0¢0 ... ..... 1.
362,000 ... .... I301,9" 60......000.
362,000 ...........

369, (XX) ........I.
316, 0(X) ........ I.
338,00.
3 1 3V,(J)'*.--|313},0(1..........
29V,000 .......
20, 00(W . ......I.
28b, WO~

2(S,1)(M
264,000.
243,000 .......
262,00.....
241, ... ....I.
260, ( ..)............
2&J,WO ..... ......I
2w,1 xX), ...........

243,000.
240,000.

23, ........(....

241,000....*. ....
269,0O ... .... I.
283, (XX)0 .........

2S,000.
202,

247,U00 ........

: '9o, XOW .. . . ..........

20,000 ...............
'262,000.

I .t.))1....... ........ .

218,000 .......1

268,000....... ..........

2.341 00 0.... ,1..........
221 ,0 .............

2413,000 ........
280,000

321,0.1 ,
337,000.3W(,1(WO ..... ......

v.*R1I ,m . . . .. .........1303,000 ........ ...........

390,000O.........., (i151 (X)()( .. ... :.. ......I
340 lW I .. ... .........

3l):,(X)() ........ ......I.....93,000 ..........I .

340,000.1

468,0OO00.I

279

Method.

1)o.
1)o
e1).
1)o.

I)o.
)o.

1)o.
1)o
1)o
1)o
)o.
Do.

1)o,1)o.
)o.
1)o,

Do.
1)o.
I)o.
1)0.

1)o,
)o.
Do.1)D.

1)o.
I)o.
1)0.1)o.
D).1)o
1)o1)o.
)O.

D)o
1)o.D)o.
1)o.
1)o.
1)o.
D)o.
1)o.
Do.
Do.
1)o.

1)o.
1)o.
1)o.
1)o.

Djo.1)O.
1)O.
Do,D)o.
1)o.
1)o.
I)o.
1)v.

,1)0.
D)o.

Do,

Do.
1)o.
D)o,
Do).

a Observations snd reduction, of 1884-85, nma(de nnder direetion of the sevrcrlary Misssl I)pl River Coin-

misslon. Section about one-half inile below larul; (Uty. Report on reduction, a."d tabulation, In

Report Chlet of EJ4inMs= 1887, page 2836,

bEeReot

Dam.

.1884.'
Oct. 0......

7......
8.....
9.....

14......13i......
14 ......

17......
18......17 ......

21......
22.....21 .....

24....W.'......
27......
28......27 ......

30.....
31......

ov. 1......
3......
4......4......
7......
8....
10....
11......
12......

14....
I6......
17......
18......
It)......
20....
21 ....
V.-. ....
24,.....
26......
26.; ....
27......
29......

D . 1.....
2......
3......
4.....
6....
8......
9......
10......
jib..
12.;...
13......
16.....
10......
17......
18 b....
1A......
20......
22......
23......
24......
26......
29......
30......
31......

I

Feet
11).U
18.0
19,2
20.0

20.2
10.6
18.8
18.4
18.2
18,1
18.6
18.6
18.4
18,2
18.0
17.0
16.8
16.4
10.2
10,0
16.3
16.6
1(),4
16.2
10,1
16,0

16,2
14.0
13,.4
12.8
12.2
11.7
11.2
10.2
9.8
9;6
9.2
9.0(
8.1)
8.9
8.8
8,7
8.0
8.7

10.4
11.9
12.0
1,1.0
10.3
9.0
8.8
8.2
7.8
7.4
8.8
10.9
12.8
16;.0
10.0
17.0
18.4
18.4
18.1
16.8
16.0
10.8
20.3

q.ft

146, 100
164,000

IbO, 1001
146,300.
143,700
143, 000

414, 600
144,000
143, 400
141,900
139, 700
138, t60
136,400
133,6W
131, 00
130, 100
132,400
134,600O
131, 100
130, 4(0
130, X
13,8I)O
120", -0t
126 t0
121,600
120,400
118,700
116,800
113,6 (
112,80)
l(O,300
107,100
1(0, 000
104,80
13, 400
03,900
103,000
103, O(X)
102, 0Wo
101,700
101,800
106,400
107,200
110,'300
111,8(o)
111,2I0
110,700
10w,80
103, 600
100,440
98,30
90, 80
94, 700
99,700
107,000
112,400
117,00
124,860
127,400
131,000
128,300
129,000
123, 400
117,400
121, 600
131,400

Depths.

42.6 80 0
44.2 -82.0
40.7 82'.6
46,4 84.6
48. 4 84,0t
40.4' 82.i0
:4,6 82,0

44.1, 81.6#A3, 81,0
43, $0. 0"

43, 8 81.0:43.8 ~81.I0
43.7 81.6
43,6 80.6
43.1 79.6
42.4 81,0
42,1 8150
41.3 77.0:
40.7 77.0
40.1 77.0:
39.7 77.0
40.4 78.0
:41.0 78.0
319.0 77.0:;9, 7 77.0
39.8 78.0
39.9 77.0
39.,6 77.0
38,7 76.6
37.'2 70.0
30.9 74.0
300.5 73,0
35.0 72,6
34.99720
34,8 73.0
33.0 70,0
33.8 08.a
33.0 09.0
33.0 69.0
33.1 08. 60
33.3 W3
33.0 08.6
33.0 69.0
.32.9 08.6
32. 7 08.2

34$2. 7 68.0
33. 4 t0.0
33.2 69.6
34.0 69.6
341.4 70.0
34.2 70 .6
34.1 09.6
33.1 69. 6
32.8 60.0
32,2 08.0
31.0 07.0
31.1 00.4
30.4 (41.4
32.0 07. 7
33.1 69.2
34.6 71.7
35.8 741. 7
38.0 7.2
38.8 78.6
40.0 77.0
38. 9 78.1
39.1 78. 4
37.6 76.8
35;.0 73.6
37.0 75.0
39.8 77.2

:3,286
3, 29 8
3,302
3,23(0X

,2003 20-

3, 296

3,201)
3,281
3,200
3,276

3,206

3,278

3, 282
3,281

3,277
3,276
3,278

3,281

3,248
3,12

3,276
3,119
3,20o
3,218
3,116

3, 164
3,220
3,21)
3,248

, QrV
3,2180
3,119

3,110
3,118
3, 116

:1, 116

3,2'20

3,265

.3,248
3,282

3,164

3, 210t;

3,116~
3,1149
3,111l

3, 270
3, 281
3,299



WATERWAY, ST. LOtJIS TO THE G1JLF AND OHICAGO.

Result of discharge observations, Mininippi River-Continued.
ARKANSAS CITY, ARK.-Continued.

12
0

.-.

162, 00
18', 500

194, 00
201, 00

207, 100
202, 10
202,300
207,90
207, 400
207, 400
209,200
207, 9O
211,650
218,60(0
217,j800"
216,200
216,300
217, 1001
2 16;, 000:
212,200.
205, 300
194,000
188,400
184,200
184, 800
184, 100
179,900
181, 800S
179, 70)
181, 000
180, 200
175,000
168, 800
152,200
146,300
144, 400
144,600
145,8)0
144,200
1456 400
146,900
152, 200
154, 400
155,600
158,8(0
164,800
168, 400
174, 400
174,600
181,000
178, 800
180,500
184,900
187, 700
192, 400
188,800
189, 300
188,800
188,200
185,600
181, 100
178,600
173,9 00
168,000
165,700
15, 900
167, 800
157, 00

157,600

Depths.

Feet. Feet.
77. 7

40 .6 82'6
48.8 87.0
54.9 91,9

57.7

569. 8 102,2
61.94 5. 2

59.9 103.49
60.0 WEi 6

S61 1)02.i9
61,5 102.8

62.0 03.0~

61.N610 3.0

62.-6- 102.8
64.7 102.96.4 39

6 4, \;9.0

60.9 1.6

57,,7 9.4

56.2 95.
55.1 95.6
54.0 95.7
53. 7 94.7
52.3 93.3
60.6 91.2
45.7 85.0
43. 9 83. 7
43,7 83.7
43.8 83.2
44.2 82. 7
43.7 84. 6
44 1 82.6
44. 85.5
45,.8 85. 2
46.4 87 0
46.7 87.3
47._6 88. 1
49. 3 89. 2
60.3 91.0

X52.0 92. 1
52,0 93.3
53.9 90/. 4
53.2 92.0:
53.6 94.

,54.9 90.

55.7 97.6

67.1 97. 2
56.0 96,8
56.2 98.9g
56.0 96. 7
65.9 90.5

5'5.2 95.5
63.9 94. 5
6.3.2294. 0
51.9 94.0
60. 1 89.5
49.5 91.0
47.9 86.0
47.3 86.0
47.2 87.0
47.1 86.0

Feet,:
3305

3, 328.

3,:370

3,>3712g
3,371"
3,371-

3,L372
3,374"

'3,7
33,0380
53,380
3, 380
3,380

3,374

'3,357
33,4
3,364

'3-,353
3, 3.53
3,353
3, 3533,353

3,344
3, 342
3,331
3,328
3,302
3,301
3, 301
3,301
3,301
3, 302
3,323~

3,330
3, 332
3, 337
3,340
3) 346
3, 353
3, 366
3,359
~3,3624

3, 3703 36 i8
3,303

3,369
3,35
3,362

3, 350

3, 345
3,340

3,343
3,343

.Feed.

12

4.84

,4.80

B. 80
5.16

5. 16
5.16

4.988
t4.;85
4.73

4. 38

f4.064

3,97

4.07
4.17
4. 08
4.18
4.09

4.19:
4.03
3.82
3.71
3.335
3.31
3.26
3.17
~3.27
3.18
3.24
3.34
3.31

3.46
3.49
3.68

3.83
3. 75
4.00
4. 11
4. 1
4.29
4.32
419

4.;20

4. 19

4.23
4. 18
4. 35
4. 00
3.,9
3. 85&
3.84
3.90
3.73
3.5i1
3.55
3.54
3.60

Dis~harge per second X1a
cublc feet.

River. Bank.

557,000

6370
720,000
892,00

981, 000

101 ,000

j09.,-000:
04

1068,000

1, 101,'0009
1,070,000
1,072,000
1, 092, 000

1-I 077

1,026,
981,000v
930,000

868,

787, 000

743,000

730,000,

753,00000;768,000
734000~

759,00

736, 000
768,000
726,000

626,000

510,000

484, 000,
470,(000
458,00(0
476,
459,00
471,000

491,000
504,000
534,000
543,00
568,000
630) 000D
631,000
698,000O
717, 000
742,090
767,000
779, 000
774, 0

788 000'
801,'
792,000
802,000
789,000
819, 000

743,000
716,000
687,000
669, 000
164,000
618,000
662,000
561,000
55,000
567,000

I,........

Total.

Method.

Meter.
Do.
1)o.
I)o.
D)o.
Do.
1)o.
Do.
I)o.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
1)o.
1)o.
Do.
l)o.
l)o.
.1)0.

l)o.
Do.
Do.
1)o.
1)o.
l)o.
Do.
I)o.
l)o.
1o.
)o.
l)o.
Do.
1)o.
Do.
Do.
l)o.
l)o.
1)o.
l)o
1)o.
l)o.
Do.

280

4)

cS

Feet.
23.3
26.1
28.7
35.6
36. 8
37.3
38.1
38. 5
39. 0
40.3
40.6
41.0
41.2
41. 4
41. 6
41.7
41. 7
41.6-
41. 3
40. 8
39. 9
38. 7
37. 5

35.1
33.6
33.2
32.9
32. 7
32. 2
32.2
32. 2
32.2
32.0
30. 5

29.6
25. 4
24.0
22. 1
21.8
21. 8

21.8
22. 2
22.6
23. 8
24. 5
25. 5

26. 7
28. 1
29.3
30. 9
31. 4
32.0
32. 7
33. 4
34. 0
34. 8
34.8
34. 9
34.8
34.6
34. 3
33.3
32. 6

31.8
30.8
29. 9

28. 9

27. 3

21;. 9

26. 8
27.1

Date.

1885.
Jan. 1......

2.....
3......
7......
9......
10......
12......
13......
14......
16......
17......
19......
')......
22......
23......
30......
31......

Feb. 2......
3......
4......

6......6.:
7......
9......
11......
12.....
13.....
14...
16 ...
17.....
18.....
20.....
21.....
23.....
24.....
27 .....
28.....

Mar. 2.....
3.....
4.....
6......
6.....
7.....
9.....
10.....
11.
12.....
13.
14.....
16,.....
17.....
18.....
19...
20.
21.....
23.....
24.
25...
26.....
27.....
28.....
30.....
31.....

Apr. 1.....
2.....
3.....
4.....
6.....
7.....
8.....
9.....

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . . . . . .

...........

...........

...........

......... ........

........ ................. ........

... ...........

..............
...........

............

......... .

........ .........

....... ...........

........ ..........

........ ..........

...........
...................

...................

...................

............



WATERWAY, ST. LOUIS TO THE GOTLF AND OHICAGO.

Result. of discharge observations, Mississippi River-Continued.
ARKANSAS CITY, ARK.-Continued.

Peet. Sq.

W. , 23310

2.6 233,700
46 6 247, 400
40.6 240,900
46.6 234,300

,. . . .........

33. 4 183,600
34. 1 186,0(00
34 7 190,900
36.2 191, 400
36.0 192, 700;
34.6 191,000
34.1 189, 600
33. 6 187, 300
33. 3 186S, 400
33. 6 179,800
33. 8 178,60
33. 9 179,800
33.8 181,400,
33. 1 176 700
32.2 176,200
30.0 167,900
20. 8 142, 700.
22.7 129,00021.:6 126,3f0
20.6 126,200
20, 2 123, 00
21. 0 127, (00
25. 6 143,600
27.6 148,100
29. 2 16f,300
30.7 160,100
32.8 1(18,300
33. 8 1(7,60
34.1 168,400
34.6 172, 100
34.9 172,800
35.0 172,200
36. 0 173,800
34.6 176,000
34.2 174, 600
33.6 171,600
32. 9 168,200
32.1 166, 800
31.3 162,800
29.0 154,900
28.6 161,800
28.6 160, 600
27.6 147,800-
26.9 147,400
26.2 146,000
26.2 144,900
27. 1 147,700
28.4 162,400
30.2 167,700
31.2 160,600.
32.1 163,300-
32. 1 164, 100;
31.8 164,700
31. 4 161,700
30.9 16t0, 900
29.9 166,600
29.4 159,300

Depths

Feet. Feet.
68.0 95.0
68,1 97;0
72.1 97.0
70.1 ..*...
68.2 96.0
...... ......

64.6 81.
'66., 2 83,0
W606 83.0
W6. 7 85.0
67.1 86.0
66.7 86,6
0,2 8.0r
66684.6:1

AR A ~r A

63.3

63.00
63, 3

62. 1
62 0
49, 9
42. 7
38,8
'38.0
.38, 18
37.7
38.8
43. 1

044,3947.'7
49.0
49.6
49,9

61.2
51 0
f6l1.
61.6

651.87.
460.8

48.4
40.2
46 4
46.1
44.3
44.2
43. 6
43 6
44,3
456.
47.0
47.8
'48.6
48.7
48.9
48.1
47.9
46..7
47.5

83.0
081,6t
8;3.0
83,0
81,0

78,0
08.

63,0
66A¢.0
066. 0

66.0
.69.0
73, 5~731 6'
74.0

77.5
78.0
77, 6

86
a 78. 6

78.0
78. 0
79.0
81.0
77.0

74. 6

77.6

73.6
73.6
73.0

71. 6
72.0
70. 6
70.6
71.0
72. 0
74.00
74.0
75.0
76. 0

76. 0

73.6
73.0
72.6
74. 6

FeIet,
3,414
3,414
3, 416
3, 421
3, 420

3,371
3,371,
3 372'
3,373
3,373
3,372
3,3721
3,371'
3,371
3,372
3,372
3,372
3,371
3,371
3,370
3,368
3,341
3,321,
3, 206
3, 286~
3,284
3,286
3,3272
3,346
3. 363

3, 372
3, 376
3,376
3,376
3, 376

3,377
3,377
3,377

3,376.
3 '310
3,376

3,3441,
3, 339
3,37
3; 336
3, 334
3,337i
3, 336

3,344
3,355
3,3(;3
3,370
3,370
3,368
3, 3(;4
3, 356
3,.154
3,352

a,.

Feet.
6. 12
:6.20:

6.84
6.08
6.02

4.30
4. 80

4.424
4.647
4.29
4.4A1

4.26

3. 72 0
3.158
4,29

438

3. 21-

4.11

3.26

3. 37;
4. 1 6
4. 41

5434
4.33
044:1910
.618

04. 12

3,22

3, 74

3.72

3.402

3.67

3 57

3.961

3. 72
3.90
3.98
4.00

3.97

3487
3.84
3.73
3.70

Discharge per second in
cubic feet.

River.

1 427,000
1,448, 000

1, 480, 600
1,4,000
1,424,000
1, 411,000

89,006

894, 000'
8i95, 000

781,00

834,000846,000'

7736 000
721,000
720, 0600
62,000(
510,000'.4l6" OOQQ

781s,000

40,000

398, 000

732, 00

687,0'
689, 0

720,000

626, 000

739i 000
710,000
748,000
760,000
74,0005
739, 000)
710, 00

48, O00

679 OIX*

76-0,009

034,000

728,00o
731,000

woI, O(O761,000
659,000

618,000
608, 000
639 000
684,000
61,000
642, 000
662,000
t52,000
657, 00
628,000

48, (K000
57n, 0(X1620,090X

Bank. Total.

aThe widths tabulated for 1887 were scaled from the 'plotted cross sections, and were measured from
bank to bank. There was (liscilarge beyond the, banks which Increased tho water width by 320 feet

and the water area by 1,084 square feet; t'hls overflow anmotuted to 1,666 cubic feet per second thie frst
two (lays, and subsec( unctly to 1,6201 cubic feet per secon(i. The areas ad(I discharllges include these
quantities. Observations of 1887 and 1889 were madio by the Mississippi River Commission third dis-
trict officer, and reduced at the secretary's ollice. Report an(l tabulation In Report Chief of. Engineers
1890, . 3164; reprInted In Report, 1891, p. 3489); thle section nt samo place as in 1884-85; al)out one-halt

mile below Arkansas City. 'l'he gaugo readings are all referred to the Mlississippi Rtiver Commission

gauge at Arkansas City, whose zero Is 116.44 feet abovo the Cairo datum plane.
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Date.

1887. a
Mar. 22......

23......
24......
25......
26,a.m.
26, p. M.

1889.
Jan. 22......

23......
24......
28......
29......
30......
31......

l)eb. 2......
4......
6......
7......
8......
9.
11....
12......
14......
16....
19...
20 ......
21......
22......
23......
265......
26 .......
27......
28 ......

Mar. 2 ......
4......
5......
6 ......
7......
8......
9.....
11 .....
12......
13......
14......

16......
19......
20......
21......
22......
23......
25......
26 ......
27......
28......
29......
30....

Apr. 1......
2......
4....
5.....
6......
8......
9.....

Method.

Meter.
, Io,

1o.
I)o.
Do.
Do.-

Do.
Do.
Do.
D)o.
Do,
1)o
1)o
1)o.
10.
)o.

1)o.
D)o.
1)o.
1)D,
1)D.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
D)o.
1)0.I)o.
Do.
Do.
1)o.
D)o.
1)o.
1)o.
1)o.
D)o.
1)o.
D)o.
I)o.
1)o.
)o.
1)o,
D~o.1)o.
I)o.I)o.
D)o.
1)0.
Do.
1)0.
1)0.
1)o,
Do.
1)o.
)o.

D)o.
Do.
1)o.D O.

-- --- __

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........



WATERWAY, ST. LOUIS TO THE GULF AND CHIOAGO.

Results of discharge observations, Mississippi River--Continued.
ARKANSAS CITY, ARK.-Continued.

at0
Feet.
3. 68
3 74
3 79
3. 62
3;3t63.

3.31
3.303.1

3. 313.40
3.46
3.48
3.49
3.60
3.643.59

6.71
6 34:6 36
5. 68
:5.54f
5. 37,
5.655.79
5. 36
5.30
5.37
5.12
5.51
6.40

6.04

6,06
6. 05

Z5. 22

6.30
.33

6.49
:5.36

5.3340
6. 30
6.26'
5,. 47
5,97
6.992
6. 94
. 93

6.91
6.90
5.85
6.91
5.89
6.
6.81
5.71

__~~~~~~icag pes

IDischargeper.s
cub Ic fee

River. Bank.

672, 000
575,000
677,000)t
5610,000510,000
491,00o-
479, 000
457, 000
446,000
445,000
455, 000
468,000
475,000
476,000
500,000
525,000
621,000

1181,000
1,410,00
1,210, 000
1,298,000
1,213,000
1,242,000
1,2(11,000
1,332,000,
1,216,000
1,183,000
1, 216, 000
1,190,000
1, 332,000
1,281,000

21528,00

1,144,000'
.t218,00
1,285,900
1, 209,000
1, 1530016,,0000
,144,000'
1,205,000
1,215 000

1,1898,000

1, 57,000
1,177, 000

1,2090,0000
1,2290,000

1,248,000

1,412,000
1417,00
1401,000
1411,000
1,398,000
1,399,000
1,417,000,
1,390,000
1,400,000
1,3566,000
1,336,000

5,000

8,7000

1,000_
0, 000

4,; 00&'

10,000,
8,000
8, 000
7,000
5, 000,

4,$000
4,)000
3,000

3,000

second In
t.

Total.

........................

............

............

............

............

............

............

. ..........

............

............

............

............

...........

1,186,000

1,272;000,'
, 220,00'1,3089,000

i1,223,000
1,72000

1,339000
1,33),000
1,284,00

....... 278,0000
. 1... 2551000
g? >.1, 144, 000

2,00 t 1,250,000
2 1,287,000

,000 1,212,00
3,0001 I&156,00
3,00; 1,1 00

4,-000 1,14,000

,0005 1,20,00

4,000- 1,4219,000)
40 , 000 9 3,

4,000 1

6,000 81,12,000
,0o00 1,214,000

000
",'

6,000 1,211,000,:
6,000 1,253,000
7, 000 ,391, 000
7,000 1,419,000
7 424

8, 000 1,40Q9,000
~8,000
8000 1,406,000

-8,000' 1,407,000-
8,000 1,425,000',
8

7, 00000'.14087, 00000
7,000 -1,363,'000
6,000 1,342,000

Method.

Meter.
1)o.
1)o.
1)o.
1)o.
Do.
Oo.
Do.
Do.
Do.
1)o.
1)o.
D~O.
Do.
1)o.
Do.
Do.
Do.

Do.
Do.
D)o.
Do.
I)o,
Do.
Do.
Do.
Do..
Do,
Do.
Do.
Do.
Do.

Do.
1)0.
Do.
Do.
Do.
Do.
Do.
Do,

-. J)o.
Do.

DQ.
1)0.1)o.
Do.
Do.
Do.t:Do'Do.

Do.
Do.
Do.
D o.
Do.
Do.
Do.
Do.
Do.
Do.

i Section of 1890 is same as in 1889; observations and reduction by third district officer, Mississippi River
Commission. Tabulation in Report Clhief of Engineers, 1891, p. 3537.

b Section of 1891 and 1892 is same as In 1889 and 1890, except that the Mississippi end Is moved downstream
100feet. Report and tabulation for 1891 in Report Chief of ngineers, 1892 pp. 3123 and 3132, respectively;
for 1892, Report Chief of Engineers, 1893, pp. 365, 3677, and 308, respective y. May 28 and 29, 1892, the
overflow discharge between Arkansas City and Trippe was found to be 309,000; May 30 and 31 it was 261,000.
Report Chief of Euglneers, 1893, p.3701. Observations ol1891-93 made by third distilet officer, MIssissippi
River Conunission, and reduced at secretary's ofce.
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Depths.
_

Feiet. Feet.
46,4 73, 5
45 9 73.6
45. 6 72.5
46. 1 72.6
440l; 72.0
343. 70.0
42.9 69.56
42.1 68 6
41.4 69.0
40,6 68.5
40.4 67.0
40.2 66.6
40.8 67.0
41.0 67.0
41.0 67.0
41.7 69.0
43.2 71.0
43.5 71.6

Date.

1889.
Apr. 10......

11......
12......
13.....
I16......
16......
17......
18......
19......
20......
22......

24....
25 ......
26......
27......
29......

May I......

1890.a
Mar. 14......

19......
25......
26 ......
28......
30......
31......

Apr. 2......
4.....
7....
9......
11......
13......
16......

1891.b
Mar. 6......

7.....
8......
9....
10......
11......
12......
13......
14......
16......
17......
18......
19......
20......
21......
22......
23......
24......
28......
30......
31......

Apr. 1......
3......
4......
6..
7.....
8......
9.
10....
11....

C3'...

Feet.
29. 2
28. 9
28. 6
23. 1
27. 1
20 .

6
20i.0
25.4
25.0
24.6
24.3
2. 5
24.8
25. 2
25.6

27.9
27.9

48. 2
48.8
49.2
49.4
49.2
48.8
48.8
48.6
48.3
47.9
48.0
47.9
47.8
47.8

45.0
45.3
45.6
45..6
45.8
40..1
46.4
46.5
46.6
46.9
46.9
47.0
47.1
47.3
47.3
47.4
47.5
47.6
47.8
47.9
48.0
48.1
48.2
48 2
48.2
48.2
48.1
48.0
47.9
47.8

0 d

isq;lo
163,900
152,400
150, 600
146, 900
144, 900
143,000
140,300
138,000
135,200
134,600
133,900
135, 700
136, 600
136,500
139,200
144,300
145,300

206, 600
222, 600
225,600
228,300
218,800
231, 400
227,700
230, 100
226,700
223, 200
2241,300
233, 500
241,500
237, 400

211,400
209,900
2(, 6000
206, 100
212,400
211,600
220,800
217, 700
213, 100
219,600
221, 000
221,600
217, 100
219, 500
223,900
229,5600
229,300
228,200
231,900
235, 700
2.38,400
236, 300
238, 900
237,100
239, 100
239,800
2:35,900
233 400
233,600
234,100

Feet.
3, 352
3,352
3,3443,340
3,336

3,333
;3,332
3,329
3,327
3,326
3,327
3,329
3,330
3,332
3, 334
3,339
3,339

3420
3,420
3,.420
3,20~
3,20

3,420
3,423,420"

3,420
3,420
3,420
3,420

;3
3,4203,427,
3,427
3,427>
3,427
3,427
3,427,

3,427.

3,427

3'427

3 470

3s,427
3,4273, 427
3, 427
3, 27
3,427

3,427
3, 427
3,427

3,427
3,427
3,427
3,427
3,427
3,427

67.0614.

66.2
68. 3
70. 6
69.4

61i3
69. 7
60.1-
62.0
61,8
63.56
62.2
64.1,
64.'
64.7-

64.0
66. 3

66. 9
66. 6
67. 7
68.8
69. 6
68.9
69.7
69. 2
69.8
70.0
68. 8
68.1
68.2
68. 3

83,00
88 6
89.6:'
80.0

89.00
89.5
88. 0
89.0
91.0

82. 6~

89,0

89.0

89. 5

t88. 06

86.0

86.0

88.0
82.0
98.0

88.6
87.5
80.~0

93. 0
93.0
92.0
92.0
94.0
91.0
90.0
92.0
93.0
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Rezsult of discharge observations, M1ississippi River-Continued.
- ARKANSAS CITY, ARK.-Continued.

Depths. Dis-charge )or second In_______cubic feet.
Date, C) . , '' _ _ __ _ __ Method.

Riyer. Bank. Total.

18a1. Feet. Sqifte;f Feet Feet, Feet. Fee.
Apr. 13....47.6 230,800 ,67. 920 3,2 66 123,0 6,00 1,28,00 Meter.

14.. 47.65 235,10 68. 6 92,0W 13'427 6. 67 1334,00 000 00 1339,000, Do.
1i ... 47.4 234,200 68.3 91.0 3,427i 654 1,203,000 5,00 1,303,00 o
16....47.3 234,800 68.5 91.0w 3,2 6.69 1313,000 4,00 1,1,00 Do.
18....47.2 233,400 681 91.0O 3,427~ 5.62 1288,000K 4.000' 1292,000, Do.
20....47.2 232,100t07,7 91o,0 3,427 5.6 1265,000, 4000 1,209,000 Do.D
21....47.2 232,300 6789,i,2.3 12600 400 12900 1o
22 .47.1...1,47 67;5 9. 3,2 5.8 12600 400 ,270,00 10
23. 47. 1 2,20 66 910 347 563 ,279,00 4,0~ 283;000 iDo.
24. 47.2 232900 68.0 '91.0. '~3,427 6.29 1,23,0 4, 000 1237,000 10
26....47. 3 231,200r '67.5~ 9O"O' 347 629 1,224,000 4T,000 1,228,000 D)O.
27....47.65 2'26,2 00. 800 3,427~ 5.4 1224,00 4000 1228,000' 1)0.
28....47.4 227,Y0 66, 90 33,27 5.46 12300 400 12700 1
29..4..7. 3 225,100 60.0 89. `'3,427 6.30g 1,197,00 ,0 1,201,000 1)0.
30....47. 1 226,200 66.0 ,89.0 3,427~ 5. 24' 1,185,00 000 00 1,89,000, Do.

May 2_..40.5 223,700 653 89.0 3,427 6.29 1,183,000 3,0 1,186,0600~ l)c,
4... 45.6 226,700 665.9. 870 3,427: 5.02 1, 134,000, 2,000X 1, 136,000- 1)0.
6....43.9 214,200 62.5 87.0 3,427 4.77 1,022,0600 1,000 1,023,000 Do0.
7....43.0 210,700 61.6 83.0 3,421 4.68 980,000 ..... 986,000 1)o.
8....41.7 200,600 60.6 82.0 3,416 4.64 937,000...... 937,000 1)o.
9....40.6 202,400 69.3 81,0 3,411 4.32 874,'000 ...... 874,000 Do.

11....38.2 193,900 66.9 79.0 3,406 4.22 818,000...... 818,000 DO.
12....37.0 190,000 66.9 77.0 3,399 4.19 796,000 ..... 796,000 Do.

1892.
Apr. 224....46.0 225,3600 -"65.2 80 3,5 6.1 ,308,0 200 1,11,000 DO.

23....40.4 2411,100 69.8 91. 3,46~3' 13.0 ~1,447,0 3,0 I14t 00 o
25....46.9 239,8(X 69.6 '93. 3,46 5.76 1,~382,000 3,00 ,36, Do.
26....47.1 2,17) W0 71.6 93.0 3,45 6.1.6 1,522,o000 '4,000, 1,62600 Do.
27....47.2 2416,400 71. 3 96.0 3,45 6.47 11,693, 000 4A,`000 1,9700 ).
28....47.4 2.18,900- 71.9 96.50 3,61 6.1 1,620,00; 4,000 1,526000 Do.
29....47.6 251,600( 72.7 95.0 3,461- 6.13'~ 1,542,00 ,00 1,547,00 1).
30....47.8 262,900 73.1 95.0 ~3,461 6. 26" 1582,000 5000 1,687,00ow o.

May 2....48.0 246,600 71.2 95.0' 3,461 6.56 1,619,'000 6,000 1 5,62 ,00 10O.
3.....48.0 217,600' 71.5 94.0O 3,461 6'. 17` 1,520,~000 0,000 1,533,000' 1)0.
4 a~m. 48.1 2.16,400 71.2 96.0 3,461 7.01, 1727,000 7,000 o1,3 ,00 Do.
4,p.m. 48.1 ..... .7.J04~ 17,35 0900 7,00 1,742,00 Do.,
5.....48.2 2.18,700 71. 9 93.0 I,6 636'" 1,682,000 7,000 189i00 D)e.
6.....48.3 247,700 71.6 ~95.0~ 3,40 6.62 1641,0,7000 1,618,00 Do.
7. 48.6 27,0 71.4 95.10 3,6 .0 1607,000 7,000 1,614, 000, Do;

9.....48.8 249,60 72.1 950 -3,41 66 ,5,0 7,000~ 1,60,000' Do.
10.....48.8 2417,200 71.4 94.9 3,461 6.46 1,694,000 7,000 1,01,00 Do.
11.....48.9 248,700 718 95.5 ~3,461 6,98 1,486,000 8,0 14 t,00 Do.
12.....49, 0 249,800; 72.2 9.1. 3,461 6.20~ 1,48,000 8,00 1,4~656,00 Do.
13.....49.1 2-18,200 71.7 96. 340 5.8 1459,000 8,000 1417,000" Do.
14.....49.1 243,300 70.3 9. 3,461 573 14200 8,0 1,100 Do.
16.....49.1 250,900 -72.5 90.0 3,461 ~5.76 1,j444,i000 8,00 I1,45OM'00 iDoble floats.
19.....49.2 261,:400 72.0 95.5 3,461~ 5.79 1,457,00 8,000 140,0 Meter.
21.....49.3 247,600 71.65 00.0 3,461 6.65 1,398,00 8,000 140606 Do
23.....49.4 261,000 72.6 960 3,461 6.138 14700 8,000~ 1,43-,0 DO.
23.....49.4....... 5.84 14,00 8,00 1,76,000 Double floats.
24.....49.5 218,00 71.60 95.5b 3,461 6.71 1,416,00 8,000 41,2,000 Meter.
26.....49.6 261,907M2.8 ~97.0~ 3,461 6.70 1,436000 9,000 1,4600 Do.
27.....49.6 250,90 72.5 96.0 3,401 5.66 1,20,000 9,000" 1,2900 Do,
28.....49.7 260,90 ,72.5 90.0 3,61 57 1,300 9,00 1,46,00 Do.
30.....49.8 249,700 72. 1 96.0 '3,6 6.7k~4 1,-432',000 9,000' 1,11000 Do.
31.....49.8 248,300 718 9.5 3,461 .9 1,700 9,00& 1,45, 000~ Do.

June 1..... 49,9 261,00 72.6 96.5 3,461 68 1,77,000 9000. 1,86,000 1)0.
3.....49.7 246,600' 71.3 94.0' 3461 6.96 1,68,00 9,000 1,7,00'o
4.....49.6 246,800 710 9, ,61- 6.87 1444,0 9,000 i,45~0_ )0
6..... 49.5 243,500 70.3 91,0 3461 5.78 1,07,00 8,0Do
7.....49.4 261,500 72.7 96.0O 3,461 .91, 465,000.` 8,000 6143"000 Do,
8..... 49.4 251,800' 72.7 95. 3,461 5b.78 1,456000 8,0,000 00 Do.
9..... 49.4 264,800, 73.6 96.0 :3,461 £.79 1,476,00 8,00 1,4U40() 1o.
10..... 49.4 263,000 l31 94.0 3,461 5.82 1,473,000- 8000 14100. 1o
11..... 49.4 263,300 73.2 95.5 3,461 5.74, 1,44,00 8,000: 1),462#,000 Do.
13..... 49.4 248,400 71.8 9,1.0 3,461 5.81 1,443,000 8,000 1,451,000 Do.
14..... 49,4 245,300 70.9 93.0 3,461 5.813 1,438,000 8,0100 1,410,000 1)0.o
14 ...49.4 5242,000 69.9 93.0 3,401 5.85 1,415,000 8,000)O 1,423,000 Do.
15 ...49.4 247,200 71.4 93.6 3,461 5.66 1,400,000 8,000 1,4098,000': Do.
16 ...49.4 260,600 72.4 93.5 3,461 5.78 1,44,00 8,00 1,457,000 IYO.
17 ...49.3 249,400 72.1 95.0 3,461 5.73 1,428,000 8,000 1, 436,000 Do.

b Plano wire Soundings..a Observatlows doubtful.
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Results of discharge observations, Mississippi River-Continued.
ARKANSAS CITY, ARK.-CotAinued.

Depths.

Feet. reet Fict.
71.7 91.0 3,461
72. 0 'U3. 0 3, 416

71.4 92. 63,161
60o 5 90. 0 3,J61
71, 0 9l. 0 3,r101
71. 2 92. 5 3,161
69. '4 90.0 ;3, .161
70.8 92.0 3, 4i61
70.5 92.0 3,461
68.5 89.0 3,463

. ..... .. .....I.... ...

(;.589. 0 3, 4S3
..... ...... ...... .......

64. 9 68. 8 4, O
55.4 70.0 4,054a
53.7 68. 0 4,054.... . .. ...... .... ...

54. 1 68. 0 4,05.1... ......... .......

51.8 60. 5 4,151
...... ...... . .......

64.5 95.5 3,441

03.4 95.5 3,441
...... ........ ........
65.3 96.0 3,4

A4.4 96.65 3,4ii
61.9 91. 5 3,436
58. 8 92. 5 3,434
59.5 95.5 3,433

...... ........ .......

60.2 92.0 3,431
59.8 89. 5 3,4*31
59.9 92. 0 3,429

68. 6 90. 0 3, 429

58. 5 92. 0 3,429
46.2 70.0 4,440
45.8 69.0 4,437
59. 1 91.0 3,425
G0.0 90. 0 3,424
58.0 89.0 3,423

...... ...... ........

57.1 86. 5 3,421
54.2 84.5 3,...... . ...... . ......

52.8 3i~

...... ........ .... ....

C6.8 96. 5 3,455
69.2 99.0 3,4155
71. 3 101.5 3,455

>
In

T'-U

Feet.
5.70
5. 60
6. (;95.59l5. 62
5.61
5. 45

4.80
4.82
5.02
4. J)9
4.82
4.76
5. 80o
5.59
4.78
4.87
4. 65
4. 88
5.226
4.S9

4.75
4.83
4.75
4.83
4.49
4. 572
4. 99
4.74
4.62
4.70
4.58
4.76
4.68
4.61
4.46
4. 63
4.064
4.54
4. 49
4.57
4.69
4.41
4.34
4. 36
4.28
4. 23
4.27
4. 21
4.27
4.09
4. 19
4.08
4.06
4.06
3.97
3.996
3. 96
5. 18

5. 19

5.37

Discha:
C

River.

1,415,00
1, 397, 000
1,394,090
1 3S8,00()
1,348,000,
1:338, 000
1,354,000
1,100,:000
j1,175,000O
1, 177M0
1, 179,:000
1, 182,000
1,1650,00
1, 140,000
1,029,000
1,2057, 000
1,050,(00o
1, 1)56, 000
1,020,00
1,071,000
1,104-,o0o
1,07,(00

1,051,000
dl, 072, 0(00

1,39,000

dl,o51000
1, 00O,000

3IW,020,0
1,2007, 010
931,000
9420, 000

907 , ArO

635000o
83,000

0397,000

948,000
91,000
931,000
032,000
911,000

921, 000

928,000

9428, 001)(
907, 00()
8i3,000
871,000
83i6,000
*827, U000
821,000
814,32000
820,000

809,(000
76;3,000
75X,0000
739, 0(X)0
7421, (000
711,0000
711,000

1, 190i,000
1,23s9,000
1,3:}23, 00

*go Per second in
o11)1 feet.

Bank. Total.

7,000

7

7

7, 000-
:6 ,0,00
4,000
4,000
3,000

3,000
3,

2,600

2

6

6

6,000o
6,000

6,0o0
0,000..

. .. *1

........

........

........

.................I........

........

........

........

........

........

........

........

........

........

........

........

........

3 , tHN)

1, 422000

404,0001,4 01,00

11,356,00
1,} 3-11,000.

1, 18'0,000

l1nsCooo1,902,000
1, 180,000
11583,000

,1423,000

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

1, 3219, 000

Method.

Meter.
Do,

Double floats.
Meter.

1)o.
D)o.
Do.
Do.
Do.
Do.
1)0

Dol6hile floats.

I)oulble floats.
Meter.

Do.
Do.
Do.

l)onhle floats.
Meter.

1)o.

1)o.
1)o.
1)O.l)o.
Do.
1)o.
1)o.IDo.1)0.
1)0.

1)0.

1)o.
1)o.

1)o.
Do.

1)0).1)o.
1)o.
lDu.

1)o.
lo.
Do.IDo.
1)o.
1)o.
Do.
Do.
Do.
1)o.

1)ontlleOloats.
Meter.

1)o.'s

1)0.'I)o. 4

Do.
Do. c
Do.
Do.
Do.
Do.
Do.

a Piano wire sotindings. s
b Chicot City section, 7 miles above Arkansas Citv.
c Discharges for 1893 observed at dlloerent prollortionai dIepths, are all rodocod to mean of vertical, tinless

otherwise noted. Section of 1893 was do(wnstrean from section used for several years past. 'T'he Arkansass
end was 200 feet and Mississippi en(1 5430 feet below forniier position, Its nzlitnlith Ibeing changed O' 40'.

Iteport on work, Report Chief of ngIlneers, 1891, p. 2822. 'T'abulation, Chief of Engineers, 1891, p. 2828.

d As observed at 0.6 depth.
aMoving across stream or flanking.
t Upper seotioun
Observed.

284

Date.

1892.
June 18......

20.....
20......
21......
21 ......
23......
24......
27......
28......
29......
30......
30......

July 1......
1....

June 28b.
29, ua.

30, a.inb
30, p.mb

July 1 b ....
1 b ...
2b.
2b.

1893. c
Mar. 9......

9......
10......
1()......
11......
11......
13......
18......
20......
21......
21......

259......24....
25......
25....
27......
27......
29......
29 ....

301 ....

30......
31......

Apr. 1......
1......
3......
3......
4......
4......
4......
6......
5......
6......
6......
7......
7......
8.....
8......

bMay 5......
6 -
8......

0

Sq. feet,
24S 160
249, :30(1

247, 200
a240, 400
2415,600
246, 300
240,300
244,900

2.1-1,000
236, 600

239,900

222, 600
224,700
217,500

2 10,

222,000

224, 700

221, 700
212, 7C0
201,800
204,300

205, 300
205,300

205,3(0
20.3,000
202,400
205, 600
"00, G300

203300

202, SWo

179v,7t00

230, 700

23S, 900
216, 300

hS

Cd
0

Feet.
49.2
49.0
49.0
4,T. 8
48.8
48. 5
48. 3
47. 5
47.2
46.6
46. 1
46. 1
45.5
45.5
46..9
46. 6
46,. 1
46t.0
45.4
45. 3
44. 6
44. O

43. 1

43.2

43.2

4r3.0
40. 7
40.2
40.0

39.9
39.9
40.0

40. 0

39.9

39. 6

39.4
39. 0

38.0

37.4

36.6

35.8

34.2

.......46 .2
46,.8
48. 1

_ ___
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Results of discharge observations, Mississippi River-Continued.

ARKANSAS CITY, ARK.-Continued.

* Depths. oicag por second In
Cubic feet.

Date. 0 M ethod.

River. Bank. Total.

1893. Feet. Sq. ft. Feet. f~eet. Feet. Fat.
Mfay 8............. .. .......5.39 1,327,000........... Meterno

9....48.4 2.19,200 72. 1 102.0 3,455 5.48 1, 367,0(00 (1,000 1,372,000 1)0.
9.. . .. . .. . . . ... . ..... .: h .I 1,319,000 .. . . .)0.... D .,%

10....48.8 240;,600.7.3 102.56 3,455 5..50 1,374,1000 0,000 1,380,000 1)0.
10 .. ... . ... . . . .. . .5.... . .. 52 1,378,000 .. . . .. .. . . . Do.a
ii....49. 0 252,60Go 3 i04.0 3,455 5.54 1,400,000' 6,000 1,406,000 Do.
I1...1 ... ................. 5.5"0 1,390,-000 .....)......D.0
12....49.1 251,600 72.8 104. 5 3,455 6.57 1,401,000, b0,000 I,407,000 1)0.
12.................. 5.57 1,400,000 D;....o.a
13. 49.2 ~~257,60 7.1.5 10.3,45I5521,4122,00 0,0 1428,000 1o

13.......................... 5.47 1,408,000 .... ....... 1)0.a
15....40.0 257,000 74. 4 103.0 3,455 5.63 1,446,000 7,000 1,453,000 1)o.
15... ..................... 56.51 1,416,000 ...I.)...I.o a

10....49. 6 25-1,300 73. 6 10'2.0 3,455 5.59 1, 421,~0001 7,000 1,428,000 Do.
17....49.06 250,300 72. 4 104.0 3,45.5 5.60 1,4 03,00 8,000 1,411,000 1)o
17.......................... 5.53 1,381,00 .Do n

18....49. 6 254,000 73. 5 105.6 3,455 5.68 1,443,000 b8,Ooo 1,451,000 1)0.
18........................ 5.62 1,429,000 .... ......1)0.a
19....49.0t 255,400 73.9 102.5 3,4155 5.60 1,430,000 8,000 1,438,000 Do.
19........................ 5.70 l,456o000.....I..... Do.
19........................ 5.70 1,472,000 .... ...... Do.a
20... 49.0 25i4,900.73.8 1041.5 3,455 5.62 1,433,000 8,000 1,442,000 DO.
20........................ 5.69 1,426,000 .... ......1)0.0s
22....49. 6 248,200 71.9 103.0 3,455 5.61I 1,400,~000 8,000 1,40') 000 Do.
22...... 5.97 1,4S2,00....0..... Do.d
23......49'. 7" 2.52.,9.0-0- -7-3-. 2 2102. 3,155 5.04 1,426,000 8,000&434,000 Do.
23 .. ... ................ 5.62 1,421,000 .......... Do.6
24....49.8 25S,4100 74.8 102;0 3,455 5. 66 l, 4{3,o000 8,000:1,471,000 1)0.
24.......................... 5.54 CIQ12,000: .... ...... Do.
24........ ....56.45 d1,408,000' 1....)...... ,
25. 50.0 ~~255,00 74. 102. 0 3,455 5.00 1,432,000- 8,000 1,440,000 D)O

25......6.00145500 10.
26... 5.4. 260,800 75.5 1040 345 5.40 1,408,000 b9,0001 47 0 1)0.
20 ....................... 5.70 1,48(1,0060 ........... D.
27....50.0 261,000 75.5 to01. 0 3,455 6.39 1, 607,000 9,000 1,670,000 1)0
27.......................... 06.01) 1,510,000 .... ......1)0.0
29e....50.2 2-59,200 75.0 103.56 3,455 5.90 1,528,000~ 9,000 1,538,000 1)O.
29.................. 5.905 1,542,000 ............1)0.6
31....49.8 258,1500 74.8 1~i04.-,5 5.79 1,496, 000' 8,000 1,501I,000 1)O.

June 1....49.06 257,1)00 74. 4 103. 0 3,455 5.82 1,495,000, 8,000 1,503,000 1)o.
1... ................... 5.71 1,468,000 1)...0......D.tv
2....49.6 259,600 75.1 105.5 3,455 5.73 1,489,000 8,000 1,496,000 1)0.
2......... ....... ..... 5.81 1,4108,000.... ..... Do.s
3.49.6 259,100 75.0 101.53;455 157 ,470,000 8,000 1,483,000 Do

5....49.6 257,900 74.0 101.0 3,455 5.07 1,462,000 7,000~ 1,169,000 1)O.
................. ...... 5. 74 1,480,1000......1D0.a
7....49.5 250,700 7.1. 3 :103. 5 3,455 5. 63 1, -46( ,000 7,000 1,5300 ).
7.................. .......5.58 1,433,)000.......... DO.oa

(438 miles below Cairo.]

[The regular Mississippi River Coninmils:-on gauge at Arkansas- City was used, the elevation of its zero
is 11(1.44 feet above the Cairo (latuia pli ni. Readings aire mnian-s of 8 a. in. and 41p. in.]

1895.1 Feet. Sq~feet. Feet. Feet. Feet. Feet.
July 8,a.m. 14.0 94,000 28. 9 53 3288 3.00 /283,000.............Meter.

8,p.m. 14.0 00,000 29.0 52.5 3290 3. 15 302,030........... 1)O.
9.15.0.1 00,too700 30. 5 53. 5 3302 3.18 1321,000......I.....1)0.

Aug. 12, am.: 18. 6 109,700 32. 8 57. 5 33410 3. 21 /352,000........... Do.
12 pm.m 18.0 108,100 32.4 67 3337 3.27 354,000............ Do.

a Moving across stream or flanking.
bobserved.
cAs obserVed at 0.0 depth.
d (bservedi at 0.6 (lepth and reduced by vertical factor.
eCCypress Creek crevassoeoccurred at 4a. in.
f Flankingnmethod. Trresearc mneanisof two flankin~tgs across river in opposite directions. Same section

as in 1893. 1Priec neter used. Ob~servationis nla(lo tind~er (lire-,1ot ion ofihir(1 district oflicer, Miississippi
River Commission, Report Chief of Engineers, 1890, p). 3555.



286 WATERWAY, ST. LOUIS TO THE GULF AD CHICAGO.

ResulCt of discharge observations, Mi2sissippi River-Continued.
ARKANSAS CITY, ARK.-Continued.

I P Depths. 1 j Discharge pr second InI .
1. ,j Depths. , cubic feet.

Date. +." ~~,. Method.Datb. J o § d INO River. Bank. Total. -

o

_ _
4

- -

1895.
Oct. 12, a m..

12, p.m..
14.

Dec. 24

26,a.m..
26,p.m..
27,a.m..
27,p.m..
28.

30....
81.......

1896.
Jan. 1......

2.......
3.......
4....
4....

8 .......8.......
9.......

11.......
Dec. 4....

76.......5...

7....
8.

- 9.

9.
9.

1897.b
Mar.25.

264...
27.......
29.
30.
30.....

Feet,
- .7
-.7

1.0
9.0

15.6
15.6

20. 4
20.4
23.9
27.3

28.2

28.8
29.:5
30.2
30.6
30.8

30.8
30.8

29.4
28.3
27.6
27.6
27.2
27.2
11.9
14.2;
14.2
14.2
18,2
18.2
20.0

21.0
21.0
21.0

50.8

51.1
51.4
51.9
51.4
51.4

Sq. ft.,
44200

44, 100
43, 800
71, 800
95, 400
96,80:0, good110, 500'12:, 600
122, 6C
137,200
139,800

141,60
144,700
145,300
148, 700
149,200
149,9000
160,300
146300

.144, 100

142,900
145, 700

141,200
143, 000
78, 200
87, 100
88,400
89,800
103,200
105,
109,
115, 100
116,300
116,300

242,400
234,400
237,000
236,800

,Feet

.14.7

22.9

29.029.t3
33.2
36.3
40.3
41.0

42A3

43.7
43,8

42.8
42.3

4A2.80
X41.5
42.1
24.0d
26.5

'26.9
27.3
030.9
31.E
32.8
34.3
34.8
34.8

69.8
67. 5
68. 3
68.2

67.6

Feet.
38.5
37

738

55.0O,

U.....

60.8

63.5

61.5

61. 5

914.

96.8

96,3

.95?'''

Feet,
2977
2977
2972
3136
3296
3304
3352
33.59
3378
3401
3412

3414
3419
3427
3431
3431
3431
3431
3420
3411
3406:
3406
3399
3399

3258
3282
3283
3285
3335
3346
3352
3358
33f3
3363

3471
3471
3471
3471

34;i

2.132-
2.740
2.40
3.122

3.80.
3.76
4.11
4.07
4.49
4.84
4.86

4.67
4. 82
4.86
4.83
4.86

4.64
4.G364.03B
4.39

4.33
4 25
3.65
:-.94
4.05

4.02
4.42
4.42
4.46
4.38
4.43
4.29

6.77
6.90
8.79

6f.82

.103,00
121, 000
105,000

0232, 000
363. 000

a 364,000)@45Z4,OM"
.488,
a 50,i 000
a664,000
a678,000

a 662, 000

06628:000

000

725,000.
@696,000

8000

657,000
628j,000
631,000
626j,000
1 608,000

-3434006
358,00

:381,000
:456, 000}

487,0(00
4901,000
50)4,000
515,000~
499,000

01,5868,0000
1,587,000

1,6t36,000

1,608,000

C10,000
clo 000

dOi 000

e5,000
16,000
10,000

1, 596,000
11,597,000
1,046,000
}1;i618,000
1,613,000

Meter.
I)o.
Do.
Do.
D~o.
)o.
)o.

Do.
1)o.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
l3o.
1)o.
i)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Double floats
Meter.

I)o.
Do.
Do.
Do.

Double floats

Meter.
Do.
Do.
Do.

Double floats.

[439 miles below Cairo.]
Upper section. O

1901.,
Dec. 8,a. m. 1.4 43,400 18.7 4&57 2,58 2.74 119,000 ................,..Meter.

8,a. m ................. 2.71 118,000......Do.
8,p.m. 1...2.74 119,000 ...... Do.
9. 1.6 45,200 17.4 44.2 2,598 2.90 131,000 ................... Double floats.

a Flanking method. These are means of two flankings across river in opposite directions. Same section
as In 1803. Price meter used. OObsvations made under direction of third district officer, Mississippi
River Commisslun. Report Chief of Engilneers, 1896, p. 3555.

b The discharge section was at same place as In former years about one-half mile below Arkansas City.
Double floats were used, the lower one being at mid-depth. Ihe meter observations were made with the
Haskel crrt meter,theld at 0.6 depth for five minutes. Observations and reduction made under direc-
tion of Capt.- H. E. Waterman, Corps of Engineers, Secretary Mississippi River Commission. Poeport
Chief of:Enginers, 1897, p. 3654.

c Deduced from observed overflow of March 29 and 30.
d Boils are quite bad from station 11 to 16. They evidently Indicate travelngsand. The remarkable

changes in depth from the preceding day were checked by resounding.
'Left bank,
f Right bank. -
# Upper section amne as that of 1898 except that right bank end was 630 feet farther downstream.
A Arkansas City Mississippi River Commission gauge, whose zero Is 116.44 feet above the Cairo datum

PI&e

........ ...........

........ ...........

........ ...........

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Result. of di~scrge observation., Missis8ippi River-Continued.

ARKANSAS CITY, ARK.-Continued.

Lower 8edion.*

0._

Sq.fl.
48,600
48,000

.........

264,400
238,200
238,800

Depths.

Feet. Feet.
2f5.6 61.3
25.4 60.1

.. . . ......

71.4 9.2
66.9 96. 7
67.0 97.8

Feet,
1,891
1,891
.......

§g

Feet.
2.61
2.62
2.70
2. 66
2.57
2.49

3, 562 & 08
3, 662 & 40
3,562 & 02

Discharge per second in
cubic feet.

River.

127,000
126,000
129,000
128,000
123,000
120,000

1,292,000
1,286, 000
1,198,000

Bank. Total.

287

Method.

Meter.
Double floats.

Do.
Meter.

Do.
Do.

Do.
Do.
Do.

(438 miles below Cairo.]

1897.e
Nov. 26 ...... 0.6 56,500 18.5 42.1 , 2.23 .126,..000.Meter.

27.6 57,000 18.71 41.9 3,046 2.334, 134,000 ..Do.

29..... 8 6B ,000 18.4 41 0 3,i0506 2.342 : 131,000 .. Do.
29 ..... 8 56,600 18.6 40.8 3,050 2.37 134,000..Do.
29.... . ,56,600 18.541.2 3,0 2.410 136, 00. ........... Do.
29.... .8 50,900 18.7 41.0 3,050 2.35 134,000 ........ ........... Do.
30.....,9 56,900 18.6 41.1 3,054 2.39 136,0()0 .............. Double floats.
30..... 9 57,200 18.7 40.9 3,054 2.31 132,000 ................... Do.
30..... 9 57,300 18.8 41.3 3,0560 2.38 137,000 ............M.......eter.

1898.
Apr. 20.... 51.1 24,310 68.2 96.6 3,566 6.16 1,497,000 ................... Do.

20.... 51.1 24,310 ......... 3,600 6.22 1,514,000 ................... Double floats.

CHICOT CITY, ARK.

[432 miles below Cairo.)

49.6
60.4
50.8
51.2
61.6
51.9
52.2
62.3
62.4
62. 6
52. 7
52. 7
52.8
52.9

230,700
e230, 400
230,200
228,800
235,400
239, 600
236,400
.........
236, 300
234,000
237, o6
230,800
.........

234, 900

53. 9
53. 9
63.8
63.5
65.0
56. 0
65.3
......
65.2
64.7
65.6
64.0

4i.9

78.75
......

71.4
69.4
71.5
72.7
71.9

73.2
73.3
73.606.5
....

67.6

4,276
.......

4,276
4,2764,276
4,276
4,276
...... ..:

4,276
4,-276
4,P276
4, 276
.......

4, 276

;6.81
0.640
7.00
6.84
6.65
6.80`I0.76
6.79
6.96
6.95
7.14
7.24

1. ....
... ..737000

....0000I 737 0

-,i66v.,6v6v,_,

1,76, 000
6000~

1,667, 000,,

:1, 640, 06

1,684,00
1618,000"
1,607, 000v
1,69870,00

1,614,000
1,667,000
1,710,000

'Meter,
Do.
DO.

,Double floats.
Meter.

Do.

Double floats.
Meter.

Do.
Do,
Do.

Double floats.
Meter.

* Lower section 1,800 feet below upper section.
b Discharge section same as In 1898. Observations and reduction'under direction of secretary o/ Missis-

sippi Rlver Commisslon, 1901,' Capt. 0. P. Howell;, 1903, Capt. Win. B. Ladue, Corps of Engineers. Re-
Chief Engineers 1902, supplement, page 72, and 1903, page 114.

c The disohargo section was at same place as In'former years, about one-half mile below Arkansas City
the right-bank end being' about 75 feet-below the new sawnill; in January, t898, the left-bank end of the
section was moved downstream '5 from its former position to make it more nearly normal to direction
of flow, Arkansas City gauge, whose zero Is 116.44 feet above tile Cairo datum.

d Observations and reduction under direction of Capt. Wm. B. ILadue, Corps of Engineers, secretary
Mississippi River Commission. Reports Chief of Engineers, 1903 supplement, page 115, and 1905, supple.
ment, page 119. Arkansas City M.-R. C. gauge, whose zero is 116.44 feet above the Cairo datum plane.
1904 velocittes are means of simultaneous observations with a Haskell and a Price meter.

* Interpolated,
1 Overbank discharge measured March 16, 20, and 23; all overhank discharges deduced from these meas-

urements. Tlei(lsclharge section is232 meters above a prominent right anglo in levee below Chicot, Ark.,
and 20 meters below church on left bank.

Date.

190.1. ;
Dec. 9, p. m.

10,a.m.10,a.m.
10,p.m.
10, p.m.

1903.b
Mar. 8......

11......
12......

le4
Oa

Feel.

1.7
1.8

......
1.9

48.0
48.8
49.0

1903.d
Mar. 14......

16......
17......
18....-
19......
20......
21 a m.
21 p. m
22......
23......
24......
25 a. m.
25 p.m.
26......



WATERWAY, ST. LOUIS TO THE GULF A-ND CHICAGO.

Results of discharge observations, Mississippi River-Continued.

CFIICOT CITY, ARK.-Continued.

Date.

1904.
Apr. 11......

12......
13......
14......
15......
16......
17......
18......
18......
19.....
20......
21......

0

Feet.
45.8
46. 6
47.1
47.6
48.0
48.4
48.7
48.9

49.0
49.0
49.0

Date.

1906.b
Apr. 15..................

16..................
17..................
18..................
19..................
19..................
20..................
21..................

Date,

1906.b
Apr. 15............

16............
17............
18............
19............
19............
20............
21............

Depths.

Feet. Feet.

60.8 65.4
51.4.
51.9.
52.2 68.9
61.6 63.2
62.0 .....
52.1 ......
62.5 66.9
52.6 70.4
52.3 63.8

Gauges.

Local.

Feet.
48.65
48.95
49.25
49 f55
49.75
49.75
49. 95
60.03

;00. ..

ISq." ft

219, 600
218,800
221, 300

@223, 500
224,900
222,200

a223, 900
a224 300
22(1, (100
226,6 00
225,100

Stand-
ard.

gauge.

Feet.
48. 5
48.915
49.25
49.55
49.70
49.70
49.85
49.95

Mean
velocity

per
second.

Fe..
6.55
6.32
6.37
6.25
6.40
6.31
6.16
6.38

lcour
or fill.

Sq. ft.

Feet.
4,305
4, 305
4,305
4,305
4,305
4, 305
4,305
4,305
4,305

.4, 305
4,305
4,305

Change
In 24
hours.

Feet.
+0.50
+ .40
+ .30
+ .30
+ .20

.10
+ .10

Discharge
per

second.

Cu.ft.-1,46,173
1,408,894
1,437, 845
1, 418 911
1,457, 808
1,437,392
1, 407,542
1,460,028

a In

5.84
56.96

5.'91'6.1086.08

6. 17
6.09
6.19
6.11

Discharge per second In
otlbfc feet.

River.

1, 231,1)0
1 284,000
1,305, 04)0i
1, 308,.Q0,0
1,362 030;
1,368,000
1,368, 000!
1, 357,0o0
1, 383, 0000
1,377,000
1,403, 000
1,376,000

Bank. Total.

........ .. ..........

........ . .........

........ .. .........

........ .. ..........

........ ... ................. .. ...........

........ ...........

........ ..... .......

........ ...

................

Cross section of discharge.

Area.

Water.

Af.t.f ::
ml240

222,840
a 225,745
220,990

a2127,718
a 227,718

2'28, 445
d 228, 860

Dis-
charge
over
bank
per

second.

CU.ftA
3,610

c3, 750
3, 8900
4, 030
4,123I4,123
4,152
4,234

Below
datum.

Depth.

Mean.

q.ft. Feet.
227, 67 63. B
227,32'2 53. 7

...~....... ........i228, 9382 54.7

.2........ ........

.......... ..............I ......
Total dis-
charge of
river per
second.

C1:Cu. 'It,
1, 459,783,
1,412,644,
11, 441,~735,
1,422, 941
1,461,931
1, 441, 15
1,411,694
1,464,262

Mean
datwu.

Feet.
54.9
64.8

........

........

........

12

14)

19
19
21
19
19
15
19
18

Method.

Meter....|
Double floats..l
Meter......l .do.
Double floats..
Meter ....l
Double floats..

Maxt-
mun.

Feet.
79.0
74.8

........

.........

........

Ig
1
rJ2

83
108

....

.i78
I....

* Interpolated.
b Zero of M. R. C. gauge at Arkansas City, whose readings are tabulated In standard column is 116.44

feet above the Cairo datum plane; the 8 a, m. readin'gs'are given. Arkansas City is about 8 miles below
discharge section. Local gauge at the discharge section was set to read the same as the Arkansas City
gauge on April 14; readings given are for time of discharge observations. The datitm line for computing
Latum areaswas at 50.03 feet on this local gauge. The discharge section Is the same as that used In 1904,
and is 232 meters above prominent right angle In levee below Chicot, Ark., and 20 meters below ethurch
on left bank. Velocities were measured with'Price meter No. 43.

eDischarge measured; overbank discharge for other days derived from this.
d Derived from cross section of April 20.

288

Method.

Meter.
Do.
Do.

Double floats'
Meter.

Do.
Do.
Do.

Double floats.
Meter.

Do.
Do.

Width.

Feet.
4,150
4,150

........6

........

........

Direction
and force,
of wiid.

XI. Light.
IX. Brisk.
IX. Light.
Calm.
V. Light.
V. Light.
Calm.
IV. Light.

I...i~]......'6

II



WATERWIAY, S'T'. LOUIS TO THE GULF AND CHICAGO.

Results of discharge observations, Mssissippi River--COIItilued.
CIIlCOT CITY, ARK. -Continued.

Date.

1907..

Jan. 14, p. m............
15..................
16, p. m............
17, p.m ............
18, a. in.............
18, p.M ............
19, p.m............
21, p.m ............
22, a. m.............
22, p. m............
23, p.m............
24..................
26t..................
28 ..................

Feb. t...................
2, a. in .............
2, p. InI.......
4, a. in......
5, a. mn.........
5, p. m .............
6...................
7...................
8...................

Date.

1907.o
Jan. 14,p.m.....

-16, p.m.
17, p. m.....
18, a. in.....
18, p. m.....
19, Pm..
21, 1)p m.
22, a. m.....
22, p. m.....
23, p. m.....
24..........

26..........
28..........

Feb. 1...........
2, a. ....
2, p. in.
4, a. rn.
5, a. m.
5, p.m.:
6...........
7...........
8...........

3
I..
0

I ,

Sq.ft.
,.........

+ 250
- 656

I........

+4,4065
-5,640
I........

1- -- --

-1,766

........
4,853

........

Gauges.

Stand-
ard

gauge.

Feet.
44.9
45.6
46.2
46.8

47.2
.........

47.5

47.9
48. 1

...ii..i..
48.2
48.5
49.0
50.4I

WO 8

51.5

51.8
..... ..

61.9
52.0
52.1

Local.

Feet.
45. 18
45.68
44. 45
46.95

47.20
47.:30,
47,w5
47.90
47.99
48.04
48.1I
48.18
48.54
49. 10
50.I68

51.05

51.55

61. 9()
51 .95
52. 10
52.15

52.17

Cli
Ii

hc

..;
..i-I
4

...4
4

...

4

44

4

4

4

4

4

4

Fee.
rI'A I 8

5.85 1,226,,266
5.83 1,23.5,538
6.01 1,297,204
6.80 1,261,244
6.07 1,342,928
6.91 1,310,486
5.99 1,349,926
6.07 1,338,366
6.08 1,341, 144
6. 02 1,329,772
6. 95 1 ,31 4, 242\;
6.16 1,364,268
6.20 |1,384,462
6 07 '1,380,7826:035 1, 455,,949
6.57 1 ,519,648
6.63 11,539,302

I 63 1,17,('O
6..'tO 1I,'24.,115
6.8.3 1,602. 938

| 6.1 1, N53,2.I3
6 63 1,516,815
6:51 11,613,380

Cross section of discharge.

Ar

Lange

24
ours, Water.

Wct. Sq.t.
209,620

-0.7 211,907.
.6 215,985
.6 217,529
.4 2-21, 169... .

- .3 223;;2:34
.21 220,134
1) 220,687

...... 220,907
.1 221,320

-.1 219,868
.2 223, 168
.3 227,339
.4 229,438
.4 231, 432

232, 136

.3 236, 444

.3 234,605
...... 2:4.828

.1 232, 144

.1 2:32,364

.1 232,452

°to

0C1.Jt.

I1,020
I445

,1, 700

1 ,785'
2,040
2,295
2, 380I
2,380
2,465
2,550
2,775
3,315'
4,67i5
4,845

5:,0155,58

5,182
5, 182)

51: 1 866e

1825,182
6,182

Cu.

1, 2,35,

'1,208,
1,262,
1,344,
1,312,

1,351 ,

1,340,
1,343,
1,332,

1,387,
1,384,
1, 460,
1,524,
1,544.
1, 573,
1, 629,
1,G08,
1, 640,
1, 521,
1, 618,

Oa

Below
datuli.

Sq. t.

240,288
240, 595
240,845
24U, 189
.........

..... I ..

244, 254
238, 614
.........

... ......

238, 82
237,116
.........

235,686
........

.........

Dopth.

Mean.

Feet.
47.6
48.2

49.
49..4

, .. .. ....
... i..;..

51.

50.0
.........
. .....

50.0
.........

61.7
52. 1

,.......
... i....637
.. .. ....

........2 ........

232,1440 62.8

Moean
(latuui.

Feet.
54.6
54.7
54.7
54.2

... ....

54.2
........

........

54.3
................

S2.89

Mfaxi-
InllUII.

Feet.
67.0
69.5
65.0
70.0

.......

...4...
72.0{)
71.0

....

69.0

71.0
...... ..
...... ..

77.0
........
...... ..

71.5

Width

Feet.;
4,400
4,400
4 400
4,400
4,400
4,400
4,400
4,400

4,400
4,400
4,400
4,400
4,400
4,400
4,400
4,400
4, 400
4, 400

4,400
4,400
4, 400

.............. ..........................4,41)0

.......... .... ...... ... .......... ....... .4,400

o~~~~~~~,---..-..-.

D ..Ilrection

Mehd forc of

iXU)
ft. - - - -

Meter.. 8. 66 XI.-B1reeze.
878 ..do 21 50 IX. Brisk.

224 (1.1o 55. VIII. Brisk.
689 Doulile floats 14 91 D)o.
6,28 Motetr.........19 VITI. Breeze

271 I)onbl)e floats.. 13 - VIII. Brisk.

966 Moeter... 9 l l D)o.
0661 .. (10 .. .. 21 112 VII. Breeze.
624 ...(o.. ... 2( ... ITX. Breeze.
,1520 Dou1)ble floats..19 13.Breeze.
707 Meter ... 19 IX. Breeze.

818 .. do 19 80 VIII. Breeze

237 do.2d.......20 III. Breeze.

097 do 21 104 IV. Breeze.

624 . o....... 18 93 VIII. Light.
493 (10.. 21 IX. Brisk.

317 Douhle floats.. 20 .... I. Brisk.
018 Meter.........r.18 98 Brisk.

327. ( I 19 IV. 13risk.
120 Double floats.. 19 Do.

42.5 Meter.........l 105 Do.
997 ... (lo 19 Breeze.
562 .. do. 19 Calm.

a Observatilons and reductions made under direction of Capt. G. R. Lukesh, Corps of Engineers, U. S,
Army, soiretary Mississippi River Coinnlssion. Arkansas City M. R. C. gauge; zero is 116.44 feet above
the Cairo datum plane. Arkansas City is (6iiiiles below dishliarge section. Local gaugo used wvas sot January
14 to read the same as ArkansasClty M. K. C. gauge. h'l'e datuin line for competing datium areas was
takenat62.lOfeeton tlelocalgauige. rice oieter No. 29 and laskell mieter No.tl wrerc issedsislmiiltaneously
until January 28, and the results given arc the ImCauns for the two Lueters. After January28 Price meters
Now. 25 and29 were used singly.

H. Doc. 60, 61-l-19*
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Results of discharge observation, Mississippi River-Continued.

CHICOT CITY, ARK.-Contlnued.

Dat.

1908.a
Mar. 7.................

8.................
9.................
10.................
12.................
12.................
13.................
15..
16.................
17.................
18.................

Date.

1908.6
Mar. 7..........

8..........
9..........
10..........
12.
12..........
13..........
1i..........
16..........
17..........
18..........

Scour
or till.

Sq.ft.
. .......

......
-4,927
........
........

-3,063

-5,237.....
.. . ...

Gauges.

Stand-
ard

gauge.

Feet.
46.83
47.06
47. 16
47. 15
47. 05

........
411.99

46. 93
46. !8
47. 10
47. 18

Mean
veloc-
Ity per
second.

Feet.
5.77
5.81
5.71
5.89
6.85
5.88
& 65
5.85
6.08
6.02
&592

Local.

Fedt.
........
........
........
........
........
........
........
........
........
........
........

Change
In

twen ty-
four

hours.

Feet.
+0 3
+ .2
+ .2

.0
- .1

...... ..
.0

.0

.0
+ .1
+ .1

Discharge
per

second.

Cu.,fs.
1;312,192
1,305,594
1,279, 435
1,315,272
1,293,497
1,298,759
1,244,158

1, 26;6, 674
1, 30t;,218
1,297,118
1,276,051

Cross section of discharge.

Area.

Water.

Sq. ft.
227,470

b 224,627
223,945

b 223,258
b 221,022

* 220; io'
b 216', 485
214, 880

° 216,411
b215,730

Dis-
charge
over
bank
per

second.

0Cu.'t,
11,890
12,218
12,369
12,343
12,206
12,206
12, 119
12,036
12,108
12,27312,388

13elow
datutm.

S228,'872
...... ....

..i._......20...88.

..........

..........

Total
discharge
of river

per
second.

:fEN :t;4,

Depth.

Mean |MeanIen datum.

Feet.
53.56
f52.9
152. 7
U2. 5
.52. 0

51.8
b5. 9
60. 6

60. 7
50. 8

Method.

1,324, 088 Meter.
1,317,812.....di
1,291 794 ..... do
1,327,661 2 meters ......
1,305,703 .... do
1,310,965 Double float...
1,256,277 2 meters ......
1,278,710 ..... (10.

1,318,326...... do.

1,309, 391 Meter .........
1,288,439 Double float...

Feet.
53.8

.......
52. 7

........

........

........

52. 0

60. 7

19
19
19
19
19
18
19
18
19
19
19

Maxi- Width,mumn.

Feet. Feet.
68.0 4,250

........

................

......

........

........

.9
'0

0
02

82
....

....

.....

4, 250
4,260

4,250
4,250

........

4,250
4,250
4, 250
4,250
4,250

Direction
and force
of wind.

Calm.
VI1I. Light.
II. Brisk.

Do.
VI. Light.

Do.
IX. Brisk.
XI. Light.
VI. Light.
VII. Strong.
VII. B risk.

* Observations and reductions made Uinder direction of Capt. 0. R. Lukesh, Corps of Engineers, U. S.
Army, secretary Mississipp~i lRlver Commission. Airkansas City M, R. C. gauge, whose zero Is 116.4 feet
zbovethe Calrodatum plane; the readings are given for the timeof discharge observationis; thcchangein 24
hourula computed from the 8 a. m. readings. The discharge section is 232 meters atove a prominent right
angle in levee below Chicot, Ark., and 20 meters below church on left bank, and is the same as that used
uIwe1g03. Itis6mllesaboveArkansas City. Overbank (liselharges were rneasured on )oth right and lbt
banks on March 10; all other overbank discharges are derived from these tneasuremen to.

* Interpolated.
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WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 291

Results of discharge observation, Mississippi River-Continued.

GREENVILLE, MISS.

IThe gage readings are fror the M. R. C. gauge at Greenville, whose zero is 108 above the Calro datum plane
The illoter was run at 0.0 (le )th' velocities used as observed at that depth. Observations and reduction
by third districtt officer, MKI. 6.1

-Depths. Ma leag
Area of MeanDschargDate. ~Gauge cross3 Widthpr todDate. reading. section. Mai- tWidth. second.od.

Mean. mum. second, e..
1894. Feet. Sq. ft. Feet. Feet. Feet. Feet. Cubic fet.

Apr. 19, a. in. a..... 28. 1 138,700 39.2 94.0 3, 538 5. 27 b 740, 000 Meter.
Apr. 1

m.c.... 28.2 177, 000 34.0 (. 5 5, 232 3.17 671,U(0) Do.Nov. 20 d ......... - 0.56 _ 300 13.1 1.6, 2, 764 2.86 104, N)0 Do.

LOUISIANA BEND, LA. --

[Velocities observed with the Prlce-eurrent meter at 0.0 depth. Louisiana Bend Is about 522 miles belowCalro and about 9 miles above Wilson l'oint La. Lake lProvidonce gauge reading Is given, zero 89.62
feet above the Cairo datum plane. Report of Chief of Engineers, 189'2, p. 3135.]

1891. Feetl. Sq.ft. Feet Fed. Feet. Fet. Cubic fedet.
Oct. 19.. . 1.4 67,400 42.6 77 71,685 1.96 132,000 Meter.

WILSON POINT, LA.

Depthi.

Date. -0 j ;:l 3 8x3Method.

1883.' Feet. Sq. ft. Feet. Feet. Feet. Feet. Cu. ft.
Nov.28. 1'J.2 114,500 33.9 83. 0 3,383 4.29 491,000 Meter.
Dec. 10...................... 5. 1 131,900 39.0 85.0 3,383 4.89 645,000 Do.

Jan. 311..................... 25.9 129,900 37. 9 75.0 3A4256 5.03 8i653,000" 1Do.
Feb. 1l..........................6 160,300 46.2 86;0 3,4(7 5.40 80i5,000- I)o.

26.:7. 4 176,300 50.8 88. 0 3 472 5.85 1,031,000 Do,
27.37.S 172,800 49.8 8).0 3,472 8.13 1,059,000 Do.
28............ 37.5 172,900 49.8 88.0 3,472 5.88 1,01O,00 Do.
29.................... 37.6 178,60O1M 914i 3~7 .80 1036,0 Do.

Mar. 3..................... 37. 6 175,300 50.3 88.0 3,4 '.82 1,021,000 1)o.
6.fi....... 37.8 180,300 51.888 .0 3,484 78 ,042 000, CDo.11.......... .38. 0 186, 00X) 53. 4 90.0 3,484 '6.10 1,134 000 Do
13... ~ 38.0 183,000 fi2,5;X89,0 +3X4 0106.031,103,00038OOr2 Do.
17 .. 37.8 34,600 53.0 '87.0 3,484 5.82 1 076,000 Do.
19 .. 37.8 18,700 53.0 89.0 3,484 560 1045 000M Do.
21 . ......... 37. 9 180,900 53 7 89.0 3484 5.37 1,004,000( Do,
24 ................ 38.0 188,100 54.0 80.0 3)484 6.57 1,048,000 Do.
26..................... 37.8 180,200 535.6 86. 5 3,484 5.43 1J,012,000 Do.
28 ..................... 37.7 185', (1) h3.3 8. 0 3,484 5.33 989,000 Do.

Apr. 5 ................ 37.0 188,300 54.0 85.0 3,484 5.42 1,019,000 Do.
12........................36. 7 188,200 54.0 8.5.5 3,484 .5.32 1,1,00Q0 Do.
16................. 3t.91 3.2 85.0 3,484 5.5 1 1,022,000 Do.
24 .................836.8 188,900 54.2 88.0 3,484 5.37 1,015,000 Do.

a Section 1 mile above Barmes Landinganf( about 2j miles above Greenville, Miss. Greenville is 478.3
miles below Cairo. Twelve velocity stations 300 feet apart, and 52 soundings.

b Of this total 9,604 cubic feet Is chute discharge; the area, depths, velocity, and widthInclude the main
river only.

Section at Warfield Point about 5 miles below Greenville, Miss. Eighteen velopity stations 300 feet
apart, and 72soundings

ESection aboveWarfleldTowhead and about 3 miles belowGreenville, Miss. Fourteen velocity statlons200 feet apart and65 soundin
'Tabulated result' 1883 to May,1890, inclusive, Report Chief of EngIneers 1890, page 3173. Report onreduction Report Chiefof Engineers1890, page 3170, rlie discharge.section waslocated at about the sameplace unti 1894, when It was moved ipol))posite Skipwllth owhead. All observations by third districtoffer, Mississippi River Commission, and reduction made at Secretary's ollfce except for 1894, whichwas male atdlistrlrkt office. Theuliie readings tablulated herewith are those of the Wilson Point gauge,

whose zero Is 93.15 feet above theCairo (latlIin plane.
I These observations were taken In fog und ralzi with the river full of drift. Aleter worked very badly.
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Results of discharge observaluon, Mi.issippi River-Continued.

WILSON POINT, LA.-Continued.

Depths. ~

Date. . Method

May 3 ~~~1884. Feet. S~t, FA eet. Feet, Feet. Feet. Ou.f, Mtr
May....................36. 6 190,700 564'.7 08,03M84t6r.
10...............36.7 182,900 V2,5 80.'0 3,44 62 0,0 Do.
16...............36.5 186,-6O0 53.5 86,5 3,44 5.31 99100 Do.
27.............. 34l.6 182,0900 62.5 86,0 3,48 4.87 89100 Do.

June II........2.......95.2 148,000 42,4 75.0~ 3,488' 3.95 58490 Do.
17.............. 2.5.6 147,700- 42.3 74. 0 3,495 4.1I l7OM0 DO.
23.............. 26.3 163,300 43.6 76.0 3, r20 4.0 17000i Do.
28...............25. 4 147,200 41.8 73.5 3,617: 4.2 0600 Do.

July 7...............22.8 13-5,300 38.9 695 3,-478 4. 04, 547,000 Do.
22.............. 20. 4 133,300 :38. 4 :70.:0 3,476 3.94~ 65z,000 Do.

Aug. 14..........16.6 116t, 200 33.1 063. 0 3,482 3.21 370,000 Do.
Sept. 17..........8.0 90,600W 26. 1 68.0 3,467 2.80 2.53,000 Do.
Oct. 21 .............. 16.3 115,600 .33.5 67.6 3,444 3.28 378,000 Do.
Nov. 26............... 7.8 89,600 20. 1 62.0 3,440 2. 74 246,000 Do.

Ian. 3a..............21.7 123,300 3.5,5 72,0 3,478 3.88 478,0 Do.
8.2..........9.1 160,600 44. 9 76.0 3,48 6.0 74,0o

13........... 31,2 169,600 48.4 79.6 3,502 6.76 976,000 Do.
21.............. 33.8 174,800 49. 9 78.5 3,604 6.23 916,000 Do.
26 .............34.3 176,700 60.4 79.0 3,604 (6.33 bl,1I18,000 Do.

16.70 l, 183,6000, Do.
29...............34.5 177,900 60.8 79.0 3,6404 6. 33 958 000 Do.

Feb. 6..............3.3.6 182,200~'62.0 79.0' 3,60656. 12: 9,32,000 Do.
14..............28.3 167,100 44.8 72.0 3,~603 4.37 686,00 D)o.
19..............27.2 160,600 465.9 71.0 3,6502 4.23~ 695,000' 1).
25..............24.9 160,900 43.2 68.0 3,600 4.04 610,000 Do.

Mar. 6.............18.2 123,700 35. 7 62.0 3,469 3.652 436,000 Do.
13..............21.5? 138,200 39. 7 66.0 3,488 3.97 548,000 Do.

1887.
Apr. 19 .....I........23.4 139,300 39. 3 60.0 3,54 3.89 542,000 Do.

1888.
Apr. 22i..............37.8 179,800 50.7 72.0 '3,6150 '6.45 1,.160,000~ Do.

23..............37.8 177,900I 60.1t~ 71.0~ 3,6650 ~6.39 1',137,900 Do.
24..............37.8 174.t700 49.1 69.0 3,6665 6. 0.4 1,05,00To o.
25..............37. 8 181,400 61.0 7.3.0 3,65 .5 6.00 1,088,000* 1)o.
26..............37. 7 188,100 53.0 72.0 3 ,650 6.37 1,199Y,000 Do.
27.37.6 179,~~~~~~~~~~~3006. 7 3. 3,642 6.25 1,120,000 Do.

1889
July 3..............29. 2 133,700 36.9 75.0 3,626 6.39 8544100M Do.

4..............28. 9 132,500 33.5 76.5 3,162(1 6.49 go1, (X Do.
r?..............28.3 129,400 35.7 76.5 3,024 6.12 791,000 Do.

'~~~ . .. ~Depths. Discharge per second In
________ ~~~~~~cubic feet.

Date. C . _ _ _ _ Method.
~~~~~~~~~~River. Bank. Total.

1890.d Feet. Sq. feet. Feet. Feet. Feet,. Peet.
Ian. 28....34.9 147,700 39.4 78.0 3,744 ~7 39 1091,00 . ,91000' Meter.

31....343.0 163,000 40.9' 79.0 3,4 0.97~ 1067,000...... 1,907,000 Do.
Feb. 3....37.0 153,80 41.1 80.0 3,744 ~7.60 1153,000 ... 1,153,001)Oo.

4....37.2 16.5,800 A44.3 82.0 3,7 44 7.03 1, 165,000 ... 1,166,000 Do.
5....37. 4 150,200 42..5 81.0 3,)744 '6.87 1,094,00 5,000 1,009,000 Do.
6....37.06 103,800 43.7 82.0 3,744 6.5 ,21,00 800 1,2,0 o

8.38..1M 171, 600 45.8 . 3,744 ~6.87 1, 179,000 16,00 1,I'195,000 Do.
10.... 38.4 178,900 47.8 81.0 3744- 6.83 1,222,000 20,0 1,I)242',000 Do.
I1I.... 38.4 176,200 46.8 81.0 3,744 6.70 1, 173.(M%)0 231,000 1, 196,000 Do.
12....38.4 173,300 40.3 80.0 3,744 6.40 1,1I10,000 23,000 1,133,0001 Do.

eThms observations taken under unfavorable circumstances and amid much floating drift.
6 a. Mn.
d Tabulated results and report for January-May, 1890, In Report Chief of Engineers, 1890, p. 3171; r.
printed In lleport Chief of l'riginpers, ISM1, p.. 3626. Ffied resulIts and report (or D~ecember, 1890, Report
ChefEglueers, 1891, P. 3w6, and final results In Report Chief of Engineers, 1892, p. 3144.
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Result. of discharge observaions, Mus~issippi River'-Oontinuedi-
WILSON POINT, LA.-Continued.

~. Depths. Discharge p)er second In
cubic Neet.

Date. . riMethod.
River. Bank. Total.

1890. Feed. Sqtft. FeFeeFeFeFeetii~ -Ftet.,
Fyi,. 13.. 38.4 174,100 40. 80.10 3,4 6 ft.0,000 23,00 12,00Meter.

14. 38.8a 177,400, 47.4 ~80.~0 .3,74 6.3 ;2300 6,0 118, Do.
16.. 38,8 171,00046. 80. ,4 .9 0,0 601001 1,8700, o
17 38.6 175,5001 469 ~80.0 3,174 0. 14 1077,00 2,000, 1,03,000 Do

20....39.0 177,700 47.6 80.0 3,74 6.98, 00,0 8,00 ,9,0 Do.
21....39.0 18000 4.1 80.0 '3,744 6.'33 1,139,000, 2801,0,0 DO.
212....39.2 182,9300l 48.7t 80.0' 3-,744 '.01 1,09,00 000 001126,000 iDo.
24....39,4 178,900, 47.8 810 '3,4 0.21,1,003000 1143),000 Do.
256....39.4 181,400" 48.4 8.3,4 011 ,108,0 130,000 1,13,00 Do.
2....39.4 180,100 418003744 6.7107,0 30,-000 11600 o

27....39.6 183,700 49.1 0037467 1, 003,000'31, 00 109,00 o
Mar.1.39.4 179,800 48.0 80.0 3,7~~~~44,~6.80 1043,00 000 00 1073,00 Do.Ma.I....39,4 183,800 49. 8~0.0O 3,4 .1',0,0030,0 1,1,00w o

4....39,65 184,900 49.,4 81.0; 3,744` 5.77 1007,000 31,00 1,09,0 Do
S....39.6 186,700 49. 6 80.0 3,744~ 94.4 1,103000- 33,000110,0 o
6....39.7 190,''700' 60.9 80.0 3,74 0.1 116,0 34,0 1,7900 o
7.40.0 193,000 61.6 81,0 3,744 6.81 1,122,000, 40,000 1,102,000Do.~~~~~~~~~~~~~~~~~~~~~~~~~~~~O12; 00', ,`0, 00
8....40.1 196,700 52.36 81. ,7i 64 113004,0 1,18000 Do.
10. 40.4 197,700~~~W.62. 81.0 3,4 6 473,810000000 1,28t,000 Do.11... 40.6 199,100 632 20 37414 0.41220XA7,03 ,8,0 o

12... 40.7 202,900 64.2S 81.0 3,44 .0 1,141~,006,01,,0 Do
13.40.8 203,900 54.6 81.~~~~03,4 .31,128,0 6,0011000 00 Do.
14.40.9 206,200 54.8 81.0 ~~~~~3~,7c'44 .5.01,2,046,0 ,2600 Do.115....41.0 199,1000 533 2. 3,74 6.81,71,0 000,21',000 Do

17....40.9 200,400 -63.62 81.0 3744.6.9 1,186004,01, 232,!-I000 Do
18.40.9199,600 63.3 82.0 3,744 6.11 ~~~~1,218,00 4500 1,26,00 Do.

19.....40. 0197000 62. 81,0'Q 3,744 0.01,"300 3,00 1,31000 Do.
20.40..6 20,00- 3.810 ,74 6.8Os'~ 0)36,0 ,6000 o
21 40.6 200,0 60 0. 3,74484 ,9,0 600 ,2,0 Do.
24. 40.6 201,400 6~~~~3.80037.46823 1,17,000 35,000 1,208,000 Do.

26....40.6 200,400 63.5 80.0 '3,744' 608 1,21,000000047' 1264Q,00 Do.28. 40.2 199,400'6 53. 2790~3744 69 1,186-,000 3000 1,200000- Do.31 ..3.09. 196.0 247. 3,74 6.9 1,7300 2600119,04o
Apr 2...9..740 96,~000 62.20 78.0 3,74 0'6.8 193,14,0 2,01 ,167,00 Do.
3.39.8195,900 2.3 79.0 3,7446.03 1,182,00033,000 1,206,00 Do.4. 39.8 196,6~~-00 62.45 78.0 3,4 .8 1,176,000~2200119,0 o20.... 390.4 19,00 6237. 3,74456.7 ,2,0 20,00112,0 o

21.... 390.4 196,300 62.2 78.0 3,7467j,2,0 19,000 1,147,000M Do.8.39.4 196,700 62.3 7~~80.0 3,74 6.0111,0 1800 1,134,00 Do
94.39.. 40 196,000 623.4 78.037466 1,102,0000000' 1,iOQ0 Do.
25.1.. 390.4 181,800 ;61. 778.0 3,74 671 1,00000'1 15,000` 2541,00 Do12.39.4 193,600 51.7 78.0 3,~~~~74'69 ,4,011,0 6,0' Do.
14.... 390.4 193,00 61 7703744 6. 1086,000 1600 1,093,0Q0'~ Do.
316.8..9.8 194,300:o 51,9~ 77~0~,0" 3,"74 6.0107,03 400 ,0,0 Do.

17r.2....39.3 194,300 621.9 78,0' 3,4 6~.6 1,01,4000' 14,000I 1,086000~ DO.
1....39.2 194,100 61'.93~ 77.'0 374 66 ,8,001,0 ,9,0 Do.
19....39,2 195,600 62.25 77.0O 3,4 6.6 17,08,0 000 00102000 Do.
22....39.2 192,100 61.3 77.0 3,7466 ,7,01 2,00 1,0900 DO.,
24....39.2 194,300 61.91 77.0 3,4'.41,114,000 12,000 W1,2,00 Do.
26....39,2 194,200, 612.9 ~76,0 3,74 706 1,Q0930011001,0,0 Do-.
2....39.0 196,900 62.3 77.0 ~3,744' 6. 1,9,00 9000 1,099,0 Do.

28....389 19,400- 60076. 3,44'64 ,3,0 ,0 ,4,0 DO.
29....38.3 1189,50 6051.0 178.0 -3,74 6.310001,900 Do.
30... 38.2 188,700 49. 78.0, ,3,74 66 1,04,0 1,031,000- DO.

May 2... 38.04 186,800 49. 76.0l 3,744 6.5 1,022,000. . ..0 Do.
6 ... 37.8 189,90 50 73.0 3744 6.31 1,01,000 . . .Do.
7.37.8 189,600 60.0..3,744 6.1~~7 981,00 0. . ..1)'00,0.Dec2.9...80 78,500 21.5 2. `3,4 3.291 25,0 .. Do

29.... 9.7 789010 21.6 62.0f 3,463.4 63000. . . .64"(O Do.
80.... 139.0 785,800 621. 62. '3,4 3.9 29,0.. Do.

Mar....27. 2 213,4700, 61.3 7860 3,788 6. 70 1,216,000 12,000 1,232,000 Do.
28.40.6 217,600 57,6 80.0 ~~~~3,78 6.6123000" A19000 1,272,000 Do.

30.... 409.6 217,6300 ~57.4 88.1 378 6.83 41,268000 120,000 1,28,0 Do.
31.... 409.8 219,900 68.03 88.0 3,8 6.40 1,98,000 21,000 1,219,000 Do.

Apr..... 4085 223,300 69. 0 80.0 3,8 .28 *i0389000 22,000 1,2013,000 DO.
20..:... 38.7 224,400 469. 9 75.0 3,788, 624 1,25000 22,000 1,247,000 Do.

of19 ....3eporChie of0Eniner 182p5.0 3134; reoto eucin eof3Enginees,0p. 312.Ta-
lae eut of.. 17892 Nin0Report (Thiefof4Enines834p 3088 reorXon reduction Chief... ofEnieesp
578......dre7ult and repor for618 3nReor44he5 ng1neers,01892p.3188........
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Re1su of discharge observations, Mimsiippi River-Continued.
WILSON POINT, LA.-Continued.

Feet.
40. 7
40. 6
40. 6
40. 6
40. 5
40. 4
40. 3
40.0
40.0
39.9
39,8
39. 8
39.8
39. 7
39. 6
39. 6'
39. 6
39. 61
39. 7
39.
39.8
39.8
39. 7
39. 5
39.f3
38.8
38 4
37.0
1.2
1.0
.8
.0

35. 8
30. 6
36. 8
37.2
37. 4
37.8
38.1
38. 7
39. 0
39. 2
39. 4
39. 7
39. 8
40. 1
40. 2
40. 3
40. 6
40. 6
40. 7
41. 0
40. 8
40. 8
40. 8
41.0
40. 8
40.8
40.8

40. 8
40. 8
40,9
41.0
40. 9
41.0
41. 0
41.0

0,

ien

Sq.)'t.
22:2, 1()0'0
221,800
222,90
224,700
226, 00
2125, 300
228, 00
224, 600
221,900
2:24,800
224,100:
223,900
223,400
223,200()
224 U00
227,900
230,600:
235,300
234,1700233,900
233,100
231,100
227,500
224, 500
223 600
221,900
221, 900
219,800
68,100
68,400
69,000
03,600

19990(r199,100k
203 800
205,2000
205 300
211,W00
216, 600
217,600
212,700
215,900
222,800
221,600
222, 00
222,200
221,800
22-2, 000
221 ,000
221 300
225 400
224. 700
224,700
225, 400
226, CO0
227, 300
229,600
227,000

228, 800
230,000
233,000:
231,700
'231, 200
229. 0
229,5 0
232, 500

Depths.

Feet. Fed.
68,6 80.-0
68.6 85.0
68. 8 86.0
69.3 86.,0
69,9 84.0
69.5 85.0
60.4 84.5
69.3 83.`6
68.0 833.0
69.3 82.0
69.12 82.-5
59. 1 82.0
619.0 82, 0
68. 9 80.01
59. 1 -81.0
60.2 C81.00
60.9 81.60
62.1 81.56
02.0 81.0
61.7 83.5
61. 6 83. 0
01.0 84. 0
60.0 83. 6
69.3 83.0
69,0 83.0
68. 6 80.0
58. 6 80.0
68.0 78.0
20.7 37.6
20.8 37.6
21.0 38.6
19.4 36.6

49. 3
60. 8
50. 6
51. 8
62.1
62.1
63.7
64.9,
65. 2
53.9
64.7
56. 5

60.166.

:56. 4'66. 3

60.9
66. 2

66.0

66.8
67.1

66.9
67. 1
57. 4
67.8
5&61
57. 5

68. 0
68. 2
69. 0

68. 7

58. 7
58.1
.58. 1

SB.9

67.:0
68.0
67. 5

68. 0

68. 6
70.0
70. 5
70. 0
70. 6

71.0
71. 6

71.0

71.0
71.6
69, 6

71.5
71.0
71.0
71.0
71.0
71.0
71.5
71.5
72. 5

71.5

72.0
72. 0
74.0
74.0
73. 5

73. 5

73. 6

Feet.
3,788
3, 788
3,788:
3, 788
3,788^
3,788.
3,788
3, 788
f3,788-
3, 788:S
3,788
3,788
3, 788
3, 788
3,788
3,788
3,788

317W3,788'
3, 788f
33,788-.3,'788
3,788:
3, 7883,788
3,788,

3,295~
3,295

G3, 2933,280

3,i9233,931%
3,9343936
3,:9390

3,-9423,944

3,944
3,0944
.3,948
03,940
7.3,948
-3,9'48'
-3, 9480
3,948
3,9S48
3,948
3,948
3,048t
3,948
3,948

3, 948
3,9048
3,948
3, 948
3,948
3,948
3,948B

3,94

Fees.
.66
5.46
5; 27
5.43
6.11
6. 26
&I 1r,S6.1605.20'
5.27
6.14
5. 00
4.90
4.92
491
4.V81
4. 78
4.62
4. 6S
4.66
4. 8
4. 74
56.09
4.'87
6. 18
4.t(2
14. 99
4 68
1.96
1.95
1.94
1.84

56.58
'6.S92
6.86'
6. 83
6. 12
6.09

6. 16\
.32
642;

0. 28
603

6. i.4
6.~28
6. 64
80. 136.00
8V'- 11'
8.06

5. 65
6.0

6.645.61
6.66
5.84

5.60
5.86

River.

1,264,000
1,212, 000?
1, 174,0000
1,221, 000
1, 159,000)
1,186,00
01, 178,000O
1,17000
:1, 161,'000
1, 153,000
,133,000
1,097,000
1,1i , 000

-1,-102, ()00
-1,087, 0000

1} lO

1,076,000

1,097,000

1,157,00i0*~
11,010010W

::1, 168,000'
1, 021,000
I 108,0:00
1,0:30,000:

133, ooo
133,L0
134,000
117 000

':1,091,00
1,116,000
1, 100,
1,217,
1, 197,0(00
1,3i, 000':

1',03 0,000M

1,3,000fif
t01,38),000;
1,399,0000
1,330 O0
:1,368, 000:,

1,341 000

1,-432, 000S
1, 71,000

01,413,,000
1, 2987,000
1,252,00

1,28,000

1,279,000'
1,324500

1, 292, OOQ
1, 321, 000

1,320, 000

1304,000
1,331,000,~
1,28500000

1,362,000

Bank.

22,000
22,000
21,000
20,000
19,00'
}lo .Xo
18, 0oo017,000

15, 000
f014,000:

13,0013,000
13,000

I13, 000:,
16,000
J15,00012,00010',000
7,000
7, 000
6,000
3,000

b 2,000

2,000'
b3 000
4,000
6,000
6,000
7, 000
8 ,000

11~ka~,0000

12,000
12,000
12,000

12,000
18,000
19,000

g 920WM
1,22 000

18,000

3,000o
'24,00
24,000

25,000

Total.

01,276,00
1,234,000

1,241,0(X)

1, 1778 000
;1, 268 000
1,1489,00
1,186,000

1,77000,
1,168,000
1,148000,

'1,-107, 000

01,111,0000

16'1, OM',001, 101, 000

1, 109, 00

1,113,000
1,033,000

...........

...........

...........

...........

1297,000X
1,31, 000
1,341,000
1,351,000
1,392,000

1,400,000O
1,344,000

41,379,000'
01,407,000
'1,0279,0
01,372,0000
1,337,000
1,383,000

1,378,000
1,426,000.
1I,'328,000'
1,366,000
1, 302,0000
1,269,000
1,315,000
1,298,000

341',000'
'1, 341,000
1,284,000
1, 327,000
1,356,000

1,387,000

a Interpolated.

Dlschiarge )er second In
c feet.

Date.

1891.
Apr. 3......

4......
6......
7......
8......
10......
11.
13......
14......
1B......
16......
17......
18......
20......
21 ......
22......
23......
24......
25......
27......
28......
29......
30......

May 1......
2......
4......
5......
7......

Oct. 16......
17......
20......

Nov. 12......

1892.
Apr. 16......

18......
19.
20......
21......
22......
23......
25......
26......
27......
28......
29......
30......

May 2......
3......
4......
5......
6......
7......
9......
10......
11 ......
12......
14......
16....
18......
19, SLM.
19,p.m.
20......
21......
24......
25S.....
26......
27......
27......
:29......

Method.

Meter,
D)o,
Do.
Do.
)DO.
Do.
I)o.
DO0.
D)o.
DO.
1)o.
Do.
1)o.
Do.
Do.
Do.1)0.1)o.
D)o.Do.
Do.
Do.
Do.SDo.
Do.
D)o.

DO0.1)0.I)o.
1)o.
Do.Do.

:Do.
I)o.
Do.

IDo.
Do.
lDo.
D)o.

I)o.

DO.Do.

DO.

Do.
Do.
1)o.
Do.
Io.
Do.
DDo.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.
Double floats
Meter.

Do.
Do.
Do.
Do.
Do.

Double floats,
Meter.

* Observed.



WATri''1 v,\NAY, sTr. I,oTIs TO TEE GULF ANPD CHICAGO.

Results of discharge observe tons, Mississippi River-Continued.
WILSON POINT, LA.-Contluud.

Feet,
41.0
41.0
41. 1
41.2
41. 2
41.0
40. 9
40. 8
40(.8
40. 8
40.8
40. 8
40. 8
40. 8
40. 8
40. 8
40. 8
40. 8
40. 8
40. 8
40. 0'0. 8
0.8
0. 8
1.9

0.
0

Sq.ft.
232, 200

234, 400
236, 600
23,500
212, 800
2,11,800
23'), 300
239, 300
243, 100
243, 000
2.13, 00(1
244, 700
238, 1100
243, 0(XX
239, 400
21,300
239,800
239, (0oo
37, 200

231,300
235, 100
70,800
79, 80)
78, 900
81, 8((

34.4 189,1}000
34.8 191., 9100
35. 1 190, 10

35. 2 200, .oU
3). 3 187, 200
35.1 195,1()0
34.8 194,000
34. 5 194,900
34.3 190, 70(K
33. 9 183, 6000

33. 5 180i,9!00
33.3 185,
33.1 180,800
33. 0 180, 4(0
33.0 181,800

....... ....I......
32.9 180,200
32. 9 181,900

*32. 9 i8 200

*32.81 179,800

....... .........

32. 6 185, 300

32. 3 140

31.7 180,100

31. 3 186f,000

30. 7 180,200

....... .........

Depths.

Feet. Feet.
58.8 74.0
69, 4 74.0
6~9,9 '74.0
60.7 79.00
01.56 83. 0t
61279'6:60. 6r 84. 0

60.6 84.0~61.6 80.0O
61.6 84. 0
61, 8 90.0
12. 0'0 88.6
60.5 88.6
61. 0 87.;0
60. 6 84.65
f61. 1 84. 0
0.7 83.0

60.7 82.0
801 82, 0
59.3 81.5
59.7 79.0
24.0 35.5
24.0 35.5
2:1. 8 34. 0
21. 3 :36. 6

49. 0
49. 8
50.
51.9
48.5
50. 5
50. 3
60. 5

49. 4
47.63

48. 6
48.0
46. 9
40. 8
47.1

47. 2

48. 1

46i. 7Q

48.

45.

0

66. 6

68, 0

68.5
(16.00
67.0
60I.5
67. 5

0
60.0

6?. 0

60. 5
66. 5
65. 0
65. 0

i5. 0
63. 5
64?. 0r

63. 0

62. 5

62>. 5

6;2.

62.56

62.56

I.,

i;- ,i

0).~o1~

Feet.
3,948

r3 0.

3 048
3,948

3,0 48

3,048
3, 048
3,948

3,948,
3, 948
3, 048
3, 948

3,948

3,932
3, 423
3, 317
3,934

3, 857

~3,987

3,857
3, 858
3,832:
3,323
3,3(;(
3,385
3,857
3,857
3,857

3, 858
3, 8(%

3, &56
3, 8586

3,857

.......3,857
3,856

:3, 8.',

3,85B

3,8665

3,8565

3,855

3,855

3,855

Feet.
5.38
6,43
6. 83
6.48
>6.38
5. 20

6. 08
96,110
4. 98

4.87

4.86
4.874 . 72~
4. 91
4.80
4.88
A.90
6.05
5.05
4.81
1.82
1.81
1.77
2. 09

5.46

5. *50

6. 44
5.32
6.43
5. 62
5. 69
6. 59
5. 48
5. 69
6.41
5. 41

*'18
5.37

6.38

6. 33
6. 28
5. 30
5.185.16
5.16
6.00
5.176. 17
5. 20
5.09
5.02
4.86
4.92
4.72
4. 77
4.72
4.65
4. 704.60
4. 73
4.76

Discharge per second Incublo feet.

River.

251,250,

/1,366,0001,296,000,
0 289,0001,203,000

296, 000'
1,21650001,223, 000Q1210,000
1227,000'
1,188 000
l; 1,89 000
1,3,000W
148, 000

1160, 000

1,174, 000
1,1 038, 000,
1,183, 0001,133,000
145,000
144,000
140,000
171,000

1,032, 000.
1,055, 0)0'
1,069,001,005,000
1,016, 0001, 077, 000
1,085,0001,090,000
1,045,000
1,020,000
.1,0090)001,011,000
1,004,000
972,000
971,000,
909,000969, 000~
955 000'
942,000O
939, 000955,000927,0009.30,00
931,000
963,000
944,000
927,000
898, 000f
886,000
850,000
887,000
878,000
865,0000
847,000:
829,000
837,000
843,000

Bank.

27-O0

270

22,000

: 18, 00018,018,0
18000XU18..000
18,000.

Total.

1,280,000

1,289,000

1,321 000

1,238,00,
1,232 000

1208

1,18t2,'000E'

1, 216 000

1, 151, 000
...........
...........
...........
...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

......-.---.

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........
,...........
...........
,...........
,...........

a Observed,
b Piano wire soundinigs those of June 10 doubtful.
cResults of ordinary method, velocity staitlons 300 feet apart.
dThe section of 189J3 was about 260' below the section used In previous years; the directionn was also

changed about 4i to make It more nearly perp)endicular to the flow. Tabulation, Report Chief of Engi-

ncers l894,p. 2833. Report oun work, Report Chief of Engineers, p. 2822.

* Moving or flanking across stream.
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Date.

1892.
May 3,a.m.

X), p).m.
31 ......

Julle I......
2......
3......
4......
,n. m.

6, 1).II1.
7......
8......
9......
10......
Job.....
11......
13......
1 4 ......

15......
16......
17......
17b.....
20......

Oct. 20......
26......
29......

Nov. 22 c.....

1893.d
Mar. 7......

9......
10.
13......
14......
16......
16......
17......
18......
18......
20......
21......
22......
23......
24......
24......
25......
27......
27......
28......
28......
30......
30......
31......
31......

Apr. 1.
1.
3...
3.
4.
4......
4......
6....
6.
6......

Method.

Double flogs.
Meter.
.: 1)0.

Do.
Do,
Do,
Do.1)o.

D1iuble floats.
Meter.

Do,
Do.
Do.
Do.

t I)o.Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Double float&
Meter.
Double floats
Meter.

Do.
Do.
Do. #
Do.
Do.
Do. '

Do.
,Do. c

Do.
Do.
Do.
Do. *

Do.
DIo,'Do.

Double floats.
M.eter. c

Do.Do..
Do.

X



WATERWAY, ST. LOUIS TO THE GULF AND) CHICAGO.

Results of discharge observations, Mississippi River-Continued.

WILSON POINT, LA.--Contlnued.

Feel. Sq.ft.
29. 6 177,800

..... ... ...... .. .

28.7 174,
.37.3 ¢207,9'00

.39. 4 221, 100

.. ..... .. .. . .

39. 9 221,200

. ..............

40.3 222,2

40.0 227,400

. ......... .........

o.r 225,500O

.40.7 +227,200)

. 1 ,2t31, 700

41.0 230,300
.41.0{ '7

. . . . .........

41.0 229, 800. . . . ..........41.0 23,2,00)

.i1.0 237,900
41.0 235,000

.........

. 0.3 237,300
. ........... 6

40. 0 230, 7... .. .......

39.6 2.30,800

39. 4 228,400
.......... .....

39. 2 229,7
39.1 231,400
...... .......
39.0 228, Zo

....... .........38.9D'2 1

38.9 228,300
................

3'8. 8: 227, 9W
38.8 3

....... .........

38.8 231,900

2.1 73, t00
....... .........

Feet.
46. 1

4.

53.7

57. 7

1,

57,

5.7...

5.7...

5. 0

58. 7

9.9 5

59. 4

.6.....

59.7
61.-

60. 7

619.

59. 1

.6....

59.

59.0,

59.7

8.....

593.

59.9

20.3

2.3 1 13,9O 17.1
2. 3 14,900 17. 5

Feet.
62.0
..i....
01.0

72. 0

72.0

74.0

74.0

74.0

....

74.0

75. 0

75.0
73.0

73.5

73.6

74.

74.0

27...

74.0
7.0..

73.0

72.0

73.0

73.0

273.5

Feet. Fed,
3,855 4.05
.....4.60

3,8 4.51

3;855. 4.39
3, 871 5. 67
..... 5.55

3,871 .84
5.73

3,871 fi591
.5.88

3,871 6.14
...06

3,871 6.07
.15.90

3,871 i.14
....r.-5.97
3,871 6.13

. ....,.. 6.13
3,871 6i 07
.... 5.90

3 871 5. 94
3,871 5. 94

3,871 5.85
...... 5.74

3, 871 5.84
...... 65.79
3, 871 5.95

5. .86

3,871 5.87

3,i71 5v.69
3,871 5.81
....5.73
3,871 6.00
........5.89

3 871 5. 91
....... ..5.8.<
3, 871 6.09
....... 6.01
3,871 6.93
....... 6.08

3,871 6. 10
3,871 6. 00
.......95.t 5
3,871 5.88
.i. .... fi.84

" .871.84
....... 5.70
3 871 5. 93
.......5.87

3,871 5.82
.......5.82

3,871 fi. 8l
.5.75

3,871 6.82
.5.81

3,636 2. 32
.......2.10

2, 571 3. 99
2,571 3. 95

Discharge per second In
cubic feet.

827, 0O
818,000

784,000
764,000

1, 179000
1,153,000
1,246, 000

1, 223,~000,
1,307, 0000
1,3258D, 000

1,340, O00
1 349, 000
1,32,000
,30,000

1, 357, )000
1 383, 0W
1,382 000
1I379, 000
1, 355,000
1,376,0ooo-
1 351,000
1,344,000
1,346,000°

1, 359},000"
1, 347, 000

1,307,000

1) 365,000

1,346,000
1,424,7000,
1,39 ,000

1, 349 000

1,406,000:-
1387,00
1;,'389,000

1,402,0001,389,000

1, 378f, 00f,
1, 343, 000

1,372,
1,317 ,000
1,354,000
1,310,000
1,325,000
1,327j00
1,344,000
1,319,000
1,350,000
1,347, 000

172,000
155,000

Bank. Total.

..........1 .........,...1...........
9,000 1,188,000

...........

I1,0W 1, 218,000
..... ... .......-

0017,000 324, O
........ ...........

b2O,000 1,378,000

........ ...........22,000 1,371)000

2.,000 1, 420 000
.. ..... ...........

25,0 1,408^0
........ ..... ........

30,000 1,406,000
b3lJOOO 1, 382, 000

31,000 1,378,000
..... ...........

31,000 1,391,000
...... ...........

31,000 1,380,000
........ ...........

31,000 1,388,000
..... ..... ...........I-311 0()0 1I 386, {K)

........ ........28,O00 1, 452,W000

24,00 i iiv;&i6,
21,000

20,000

20,

19,000

'19,000

18,000

17,000

17,000

175,000 '........
177,000 ........

...........
1,376,000
.......... .

1,374,000
...........

1,409,000

1,302,000

1,391,00

...........

1,372,000

...........

1,343,000

1,362,000

1,367,@00

175,000
177,000

Method.

Motor.
Do.*
Do.
D)o.6
l)o.

Do.d
Do.'J)o,
1)o.

Do,

1)0.a
D)o.

Vo.
Do.6
I)o.

I)o.a
1)o.a
Do.

Do.
Do.

Do.'Do.&

1)o.

1)o.otIDo.
Do.a

l)o.
Do.a
Do.
TDo.2
Do.

D)o.a

Dvo.

1)0.6D)o.

1)0.0
Do.'

lDo.

1)0.6Do.a

1)o.
D)o.a

1)o,a

Do.

I)o.a
1)o.

DO.(3

Do.
Do.6
Do.

Do.6
IDo.a

D~o.
DO.

a Moving or flanking across stream.
b Ohserved.
CSection of 18941 was located opposite Skiwith Towliead and above the location of former vears at Wl1.

son Potnt. Thre change wasS ma(de to avoid tMe eddy at the old section. Thirteen velocity'statfons and
51 soun(tings each day. Velocities used as observed at 0.6 depth. Observations and reduction by third
district ollicer, M. it. C.
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1893.
Apr. 7......

7......
8......
S......

May ......

5 .......6.

i8......-8.
8......
9......

10......10......
10......

12......
11......
12......
12......
13...
137...
15......

16......

19 .......
-' 1'......

17......
18......
18......
19......
19......
20......
20......
22......
23......
23......
24......
24......

30.'......
25......
27......
27......

3.~......

340....
31......

3une 1....
2....
2..::::.
3....
3....

6......

7o......6......

8......
8......

Oct. 2-1......2-1......

1894.C
Sept. 2, ......

27......
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Result, of diuch~rge observations, Mitsissippi River-Continued.

WILSON POINT, LA.-Continued.

[631 miles below Cairo.]

Date.

1895.a
July 2t a. in.

24 J). 11.
Oct. 21 at. in.

21 p. iu.

'0t0

JFeet.
13.8

-3.8
--3.8

0

IV Wo "

411

Sq.Jt.
107,401)
101,200
3II. 0)-
31,8U0

Depths.

H

Feet. Feet.
24.5 40.0
2.1.4 40.6
13.8 20.5
13.9 20.1

d

Feet.
4,391
4,31)1
2,28.5
2,285

C,

Fecet.
3.48
3. 15

3.2

Discharge per second in
cubic feet.

River.

b373,000
370,0 O
b98, (00
102,000

Bank. Total.

Method.

Meter.
Do.
Do.
Do.

a Section 2,500 (eet below that of 1893, at 531.5 milles on inch-m110le map. Iake Providence gauge read-
ings are ImenUs of S a. in. and4 1) . In. by regular observer; elevation of gauge zero 89.62 feet above Cairo
datumi. Observations mudeo und erdircetion of third distrlet oieer, M. R. C. Report Chief of Engineers,
1896 1) 355li

b } 'lnkg' method. These are mneans of two flan kings across river In opposite directions. Price meter
1sed.

HAYS LANDING, MISS.

[Observations and reduction by M. It. C., secretary 's office. Report and tabulation, 1882, In Report
Chief of 1,Ingighcrs, 1881, p). 2627. All gauge rea(lings at this station are those of the Hays Landing
gauge whose zero wa; 86.1)5 teot above the Calro (latuin plane. Hays Landing is 553 miles below Cairo
and aI)out22 iilesl'elow Wilson point.]

Date.

1882.
Jan. 2............

21............
23,21............
25,26 ............

31............
Feb. 1............

2............
j............

10............
It............

17............
21............
22 ............
2:3 ............

Mar. 2............
3............
6............
9............
13............
14............
15............
16............
17............
2()............
23 ............
24 ............
209............

Apr. 4............
6............
6............
7............
10............
13............
14............
18............
19 ............
20............
21............
2C............

Ga' ge Area of
read- cross
Ing. section.

'eed.
29. 9
31. 3
31. 6
35. 0
35.7
35.8
35.8
36. 1
36..4
36. 4

36. 9
37. 2
37. 2
37/.2
37. 5
37. 3
37. 1
37. 3
37.6
37.8
38. 0
38. 2
38. 3
38.(6
311.8
36. 6
36. 1
3.5. 5
35. 4
35. 3
35.2
35.0
34. 9
34.8
34.6
34.6
34.5
34.4
34.2

Sq. feet.
136,700
161, 500
151, 300
155,600
158,500
158, '00
160',8)0
159), 9()(
165, 3(X0
165, 60

1(;5,300
168, 800
163, 3(00
1167, 100
169,000
167,9000
169,300
171, 0C)O
172,000
170,4100
108, J00
171, 900
172,200
172, 100
1(;9,800
169,800
1W, WO(
1I , 800
1,,1 100
1tI3, 900
163,100
161, 200
165,500
16()0,400
16.1,'100160,700
166,400
163,700
159, '00

Depths.

Mean.

Feet.
61.3
69. 6
66.9
67.4
67.5
67.7
58.3
58. 0
60.0
60.1

GO.0
61.2
69. 2
00 6
61.7
60.9
61.4
62.3
62. 4
61.6
61.0
62. 0
62.2
61.0
61.6
61. 6
59.7
60.4
60. 1
60.1
6O. 0
59.6
61. 1
59. 2
0.8

59.4
61t.5
60. 5
59.3

|Width.
Maxi-
mum.

Feet.
91.8
99.0
94.7
90.7
97.5
97.2
95.8
99.7
99.0
99.4

101.8
101.9
100.1
100.2
100.0
S9. 0
99. 5
99.0
90.2
100.8
102.2
102.4
102.0
103.8
101.5
102.5
101.7
96. 5
99. 6
98.7
98.5
99. 6
101.0
98.9
99. 2
99.0
99. 5
98. 6
98. 6

Feet.
2,665
2,710
2,710
2,710
2,7C62, 7662, 7560
2,756
2, 756
2,756
2, 766

2, 7a662,756
2,756
2, 756
2,7662,766
2,7566
2, 756
2,756

2,770
2, 770
2,770
2,820
2,766
2,766
2,756
2,730
2,730
2, 725
2, 725
2,707
2, 708
2,708
2,704
2,704
2,704
2, 704
2, 699

Mean
velocity

perdsecond.

Feet.
6.37
6.06
6.92
5. 99
6.86
6.85
5.86
6.97
5.88
6.12

5.78
6.04
6.83;
S.84
6.70
6.68
6.96
5.73
6.71
5.45
6.59
6.73
6.66
5.44
6.67
6.154
5.66
5.66
6.66
5.66
6.53
6. 40
5.57
&. 43
6.34
6.04
6.56
6.50
Lao

Discharge
per

second.

Cubi feetl
734, 000,
978,000
913,000
932,000
929,000
929,000
942,000
954, 000
972,000

1,014, 000

980001,019,:000-
952,000
976,000
968,000
954, 000

1,009,000
984,000
982, 000
928, 000
944, 000
985, 000
974,000
937,000
946, 000
940,000
916,00(
916,000
913, 000
928,000
903, 000
871,000
921,00'
871,000
877,000
970, 000
926,000
900,000
857,000

Method.

Rod floatA
D)o.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.

Meter and rod
floats.

Rod floats.
IDo.
Do.
Do.
Do.
Do.
Do.
I)o.
Do.
Do.

Meter.
Do.
Do.
Do.
Do.
Do.

Rod floats.
Do.

Meter.
Do.
Do.
Do:

Rod floats.
Do.
Do.

Meter.
Do.
Do.

Meter and rod
floats,

- T



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

ResultU of discharge observation, Mississippi River-Continued.

HAYS LANDING, MISS-.Continued.

Date.

Apr.

27S2.
27.......

-28.
Nav 1............May I.......

.,....... ....3...... .. ...

9............o............

)............
12 .............11...........

20S .... ........15............

I25v ............
-2U............
29 ............20.

Jun 5I............
-2.;............30...........

June 1...*--
2............

6............
8........

13............
15..

19..

21
22...

23.

29...

30.

July I
3.......

.............

30............
13.
*I.

15.

19............

7o............

25 ............

23...........

27 .........-.-.-

Aug.

2.......
3............

4............
8............
10

15.

16

37............

18............
22..

26............
30............
1...........

Sept. I......

29........

7....
8......
I............

O all areaT-4
Ing.

Feet.
34.0

33.9
33.4
33. 2
33. 1

32. 9
32.8
32. 7
32..8
3::s. 0
33. 1
33. 7
33. 9
34. 0
34. I
;34. 2
31.2
:31.2
31.2
34. 1
34. 2
'34. 1
34. 1

!34. 1

34. 1
34. 1
34. 1
31.0
31.1
31.0
33. 9
33. 9
33.8
33. 7
33. 7
33. 7
33. 6
33. 4
33. 3
33.3
33. 2
33. 2
33.2
33.1

33. 1
33.0
32.0
31.6
31. 1
30. 6
27. 3
21;. 1

25. 0

23.8
19.8
18.8
18.8
19.7
19. 6
19. 5
19. 4
17.(6
16. 1
14.6
13. 9
13.3
12..6
10.9
10.8
10. 7
10.6

Depths.
Am of :
cross

section. Mean. Maxi-

Sq.feet. Feet. Feet.
11,5w0o 59.8 98.

1659,()1) 59.2 99 1
164), 5)1) 59. 7 98.0
162,000 60. 3 97.1
16s, 9go0 so. 2 95. 3
165,000 57. 7 }.0
157 3W0 58.6 95. 3
151;,400 68.3 95.0
159,100 f,9.3 97. 5
159,(()00 69. 2 95.3
158,100 59.11 96t. 5
162,800 60.3 99.0
162,700 60). 2 97. 0
163,000 60.3 96.7
162, 700 60. 1 99. 0
1634,800 60.9 98. 5
160,9100 59.4 98. 0
16.1,200 6O.6 99.8
16i5,900 61. 3 99.2
160,100 61.4 98.8

167, 400 61.8 08. 8
166,800 61.6 99.9
167,400. )61. 9 99. 2
1(68,100' 62.1 99. 8
167,000 61.7 100. 0
165,800 61.3 98. 0
19,9900g 59.1 97.1
1 61,500 59. 7 95. 2
161,700 59.7 96.9
16;1, 3(00 69. 6 97. 8
161,000 69. 6 95. 8
1 C0, 100 59. 2 95. 3
160,300 59. 2 96. 7
1GO60QO 59. 4 97. 5

160, O 659.4 97. 0
1(;I, 200 59. 7 96.8
159,400 59. 0 95.5
158,1(0 58. 6 95. 6
159, 900 59.4 95. 3
159.000 69.1 94.
158, 200 68. 94. 5
157,100 58.4 93.8
1658,20 58.8 92.0
1(0, SOO 59.8 90. 0

110, 700 65.8 97. 0
1ti1,200 60. 1 95. 0
156,300 68.2 0:3. 9
155, 100 58.1 92. 9
151 500 57.9 92.9
153,200 57. 5 92.0
It5 fOO 65. 1 88. 5
140,800 53. 3 86.2
137,500 52.2 85.8
135,700 51. 7 85.0
123,300 47. 4 78. 5
119,50o 46.0 78.5
119, 10O 46.0 77. 7
124, 200 47. 7 80.0
124, 000 47. 7 88.5
123, 500 47. 6. 80.0

122, 900 47. 3 78. 9
117,300 45.4 77. 7
113, 600 44.0 75. 4
109,400 42. 9 74. 0
106, 700 42.0 73. 9
105, oO 41. 7 72.4
103,100 40.9 71.0
97,400 39.0 69.2
97,100 39.0 68.5
9i, 90O 38. 9 69. 2
97,500 39.2 6&821

i Mean I

wi(lth. Vity
second.

Feet.
2,700

2,700
2,688
2,688
2, 86
2, 684
2,682
2, 62
2,683
2,086
2,6 7
2, 7)1
2,703
2,704
2,705
2,707
2,707
2,707
2,707
2,707
2,707
2, 707
2, 707
2,707
2, 707
2, 707
2,707
2,707
2,707
2,706
2, 70v
2,705
2,706
2,703
2, 702
2,702
2,701
2,696
2,6 93
2,690
2,690
2,689
2,690
2,690

2,689
2,685
2,674
2,671
2,667
2,64

2,646
2,643
2,634
2,628
2,601
2,599
2, 699
2,001
2,601-
2,5 99
2,599
2,58
2,579
2,648
2,641
2,529
2,622
2,495
2,493
2,490
2,489

Feet.
6.14

6.18
b.29
5.15
6.01
4.93
5.02
4.89
6.04
S.21
5.30
5.61
6.32
6.67
5 55
6.56
5.63
5.57
5.87
6.99
6.26
6.06
6.17
6.29
6.13
6.25
6.13
5.98
6.19
6.22
6.14
6.13
6.16
5.91
5.73
5.36
6.57
5.49
6.60
5."
5.64
6. 60

6.04
5.73

5.75
5.74
6.02
5.83
6.57
5.40
4.81
4.75
4.57
4.27
3.85

4.12
4.27
4.00
3.92
4.02
3.86
4.18
&68
3.47
3.34
3.28
3.17
3.19

3.10
3.17
3 20

Discharge
lir

second.

:'uhic feet.
829, 000

828.000
849, 000
834,000
797,000
764,000
790, 000
764,000
801,000
828,000
842,
913,000
8(6,000
924, 000
903,000
9165,00906}, 000
91, 0(00
974,000
995,)000

1,049,000

1,011,000

1, 033, 000
1,058,000
1,0L24, 000
1, 035, 000^
981,000

986,000

1 001,000
1,004.0(0

988, (1000

981,000

987.000
949.000
920,000

865,000
887,000
868,000
896,000
865,000
893,000
880,000
955,000
9822,000

924,000'
926,000
942) 000
904,000
860,000
828,000o
701,0003
66l9,000
629,000

580,0003
474,000

492,000
510,000O
490,000;
486,000
496,000
474,000
490,000
418,000

380, 000

356i,000:
346,000C
327,000

310,0(00
301, 0C0
307,000
3120 M00

Method.

Meter and rod
floats.

1)0.
D)o.

H1%od floats.
1)o.
1)o.
1)o.

I D)o.
Meter.

D1).
D)o.

Rod floats,
1)o.
Do.

1)o.
L)o.
1)o.

Meter.
1)o.
1)o.
Do.
Do.
Do.
1)o.
D)o.
1)o.
Do.
Do.
I)o.
1)o.
Do.

Do.

Rod floats.
D~o.
Do.
Do.
Do.
Do.

Meter.
Rod floats.
Meter.
M e ter and roil

floats.
Meter.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Rod floats.
Do.
Do.
Do.

Meter.
Rod floats.

Do.
1)o.
IDo.
Do.
1)o.
Do.
Do.
Po.

298
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WATERWAY, ST. LOUIS TO THE GUILF AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.
HAYS LANDING, MISS.-Cortinued.

Date.

1882.
Sept. 12..... .

13............
14............
16............
16............
18............
19............
20............
21............
23............
26 ............
27 ............
28............
29............
30(............

Oct. 2............
3............
6............
7............
10............
13............
14............
17...........23.....
24...........
26............
26i ............
27............
28 ............
30............
31............

Nov.,' 1............
2............
3............
4............
6............
7............
8............
9............
10............
11............
13............
14............
15............
16............
17............
20............
21............
22............
23............

1884. a
Feb. 18............
Mar. 16............

Gaillrear.
Ing.

Feet.
10.8
11.0
11.1
11.2
11. 1
10.7
10.4
10. 1
9.9
10.4
11.7
12.3
12. 1
11.6
11.0
9. 7
9.0
7. 4
6.9
0. 4
6.6
6.4
6.2
C. 6
6. 7
7.0
7.0
6.8
6.6
0.6
6.4
6.3
6.2
6.0
6. 1
6.2
6t.2
6.2
6. 3
6.4
6.4
6. 7
6.3
7.0
7.3
7.t6
8.7
9.0
0. 1
9.3

35. 3
37. 7

Area of
cross

section.

Sq.feet.
97,400
98,800
99,00
101, 400
100,600
98,000
97 (M0
96,(W
94,800
96, 10o
100.I;(1
103:, 6(0
102. 000
102,000
97,900
96,300
95, (00
90,90
88,900
89.000
89,000
88,800
88,100
90,400
90,400
91,000
90,900
89, 00
89, 100
89. 100
89,300
88,900
88, 000
86,800
86,400
86,400
86.600
87,000
88, (00
86,200
87, 300
86, 90o
89,IC1(
89,600
87,900
89. 400
91.200
92,900
93, 00
94,300

Depths.

Width.
Maxi-Mean. I MiUM.

Feet.
39. 1
39. 6
39. 6
40i 6
40.2
39. 3
39. 3
39. 1
38.3
38. 7
40. 1
40. 9
10. 6
40. 7
39. 2
39. 0
38. 9
37. 7
37. 0
37. 2
37. 1
37. 1
36. 8
37. 8
37. 7
37. 9
37.9
37. 3
37. 1
37. 2
37. 3
37. 1
36. 8
36. 4
36. 2
36. 2
3603
36. 4
37. 1
36 1)
3d. 5
36.3
37. 2
37. 3
36. 5
37.0
37. 3
37. 9
38.1
383

Feet.
69.6
69.0
70.9
71.2
70.0
69. 5
69. 0
M. 9
68. 4
69. 6
71.0
73.0
71.3
71.0
69. 9
69.0
70. 1
67.4
66.8
66. 9
65. 9
65. 9
65.9
66.1
63.1
66.9
67.6
66.0
65.9
65.9
66.0
66.1
66.8
65.2
65.2
656 a
65. 4
65.0
65.2
66.1
66.1
66.1
66.2
67.1
66.9
67.0
68.1
68. 6
W..8
69.8

169, 00 I66. 8 84.0
171,300 ....

Feet.
2,490
2, 496
2, 407
2,497
2, 497
2, 491
2.483
2,477
2, 476
2, 482
2, 508
2,620
2,6513
2,6507
2, 498
2 469
2,446
2, 414
2,399
2,392
2,394
2, 394
2,390
2,391
2,394
2,399
2,401
2,399
2,399
2, 397
2,390
2, ?04
2,389
2,387
2,388
2,389
2,389
2,389
2,391
2,392
2 392
2,395
2,396
2 402
24,407
2, 416
2,448
2,450
2,453
2,462

2,810

a Results of February 18 in lReport Chief of EngIheers, 1891, p. 3488; observations of Marck 16 taken
by "patrol" party, Report Chlef of Engineers 1885, p. 26C0.
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Mean
velocity

per
second.

Feet.
3.32
3.66
3.40
3. G0
3.69
3.654
3.60
3.45
3.28
3.19
3.45
3.27
3.18
3.02
3.01
3.06
2.91
2.69
2.70
2.60
2.62
2.63
2.28
2.84
2.65
2.68
2.64
9. 68
2.62
2.56
2.66
2.50
2.62
2.61
2.55
2.61
2.64
2.67
2.61
2.61
2.63
2.75
2.74
2.80
2.86
2.092
3.01
3.07
3.09
3.10

7.60
6.23

Discharge
per

second.

Cubl/elm.
323,000
352,000
337,000
351, 000
.161,000
347,000
341,000
334,000r
311,000
307,000
347,010
337,000
325,000
307,000
294,000'
294,000
277,000
245,000
240,000
232,000
234,000
233,000
201,000
257,000
240,000
214,000
240,000
240,000
233,000
228,000
22'), 000
222, 000
222,000
218,000
221,000
226,000
228, 000
22:2, 000
23 1, 000
225, 000
230, 000
239,000
244,000
251,000
251,000
21 1000
2756 000
285,000
289, 100
293,000

1,195,000
1,067,000

Method.

Meter.
1)o.
Do.
Do.
Do.
1)o.
Do.
Do.
1)o.

Tto(l floats.:o elso.1)o.
1)0.

Meter.
Do.1)o.
Do.
Do.
Do0.
Do.
Do.Vo.
lIo.
Do.
Do.
'Do.
Do,
Do.
Do.
Do.Do.
Do.
Do.
Do.Do.Do.
Do.
)o.
Do.Do.
Do.
Do.
Do.Do.
Do.
Do.1)o.Do.
1)0.lDo.
Do.

Do.



300 WA'E1ftNNAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of discharge obervatios, Mississippi River-Continued.
VICKOBtJRG, MISS.

[Results of 1858 taken from Report on the Mississippi River, by Capt. A. A. Humphreys and Lieut. R. L.
Abbot, 1861, p 598 edition of 1876. The gauge readings have been reduced to present engineer gantge at
Vicksblrg by slbiracting 1.3 feet from readings originally published by LI. and A. Zero of presentgauge Is 66.04 feet above the Cairo datum plane.]

Gauge Area of
read- cross
Ing. section.

Feet.
31.3
31.2
30.9
30. 7
28. 2
27. 9
27.8
28.4
28. 9
29. 6
30. 2
30. 7
31.2
32.3
32. 7
32.9
33.0
33.2
35.7
36. 6
37.6
38. 6
39. 5
41. 1
41. 7
42. 5
43. 1
43.6
44.1
44.6
44.6
44.9
45.0
45. 1
45.2
45. 3
45.2
45.0
44.8
44.6
44.4
44.4
44.4
44.5
44.6
44.8
45.0
45. 1
45.2
46. 4
45. 5
45. 6
45.68
45.
45.9
45. 9
46. 0

46. I

46. 1
46. 1
46.0

46. 0

46. 1
46. 1
46. 1l

Sq. feet.
.........
.........

D:epths.4

Wildth.
Mean. mum.-

Feet. Feet. Feet.
...... . ...... . .......

...... ..... .....

...... ...... . .......

...... ...... . .......

...... . ...... . .......

...... . ...... . .......

...... . ...... . .......

...... . ...... . .......

...... . ...... . .......

...... . ...... . .......

...... ...... .......

...... . ...... . .......

...... . ...... . .......

...... ...... . ............. . ...... . ......

...... ...... . .......

...... ...... :.......

...... . ...... . ......

...... . ...... . .......

...... . ...... . .......

...... . ...... . .......

...... .. ..... .. ......

.....;... ............. . ...... . ......

...... .. ..... .. .....

...... . ...... ...

...... . ...... ...

...... ...... . .......

...... . ...... . .......

...... ...... . .......

...... .. ..... .. ......

...... ...... . .......

...... .. ..... .. ......

...... . ...... . .......

...... ........ .... .....

...... ...... .......

...... . ...... I.......

...... . ...... . .......

...... ...... .......

...... ...... ........

...... ... . ... ..

*---. 1----.- .......
...... . ...... . .......

...... ...... . .......

...... . ...... . .......

........ .. ... .. ..

...... ...... .......

...... ...... .......

...... ...... .......
...... ... ..

...... .. ..

............ ..... ..

. . .. .. .. ... ..

...... .. .. .. . .

...... ...... .......

...... .. .. .. . .

...... ...... .......

...... ... . *..-.--1.--..--.... ..... . .......

...... ...... . .......

...... .. ..... .. ......

...... ...... .......

...... ...... ........

...... ... . .. ........ . ...... . ............ .... .. .......

Mear
veloc
ity
per
see-
ond.

Feet.
6.38
6.37
B6.39
5.31
6.39
5.34
5.25
5.62
6.57
5.6B
5.71
6.76
6.78
S.81
6.03
6.04
6.96
5.95
6.41
6.40
6.49
6. 65
6.61
6.74
6.79
6.78
6.76
6.72
6.71
6.70
6. 72
6.64
6.62
6.63
6.60
6.67
6.69
6.71
6.69
6. 65
6.62
6.47
6.45
6.51
6.57
6.61
6. 64
6. 65
6.61
6.59
6.59
6.68
6.67
6.68
6. 69
6.76
6.72
6.76
6.86
6.90
6.86
6.92
6.89
6.97
7.00
7.00
7.03
7.01
7.04

Discharge per second.

River. Bank. Total.

Cu.feet Cu.feet. Cu.feet.
734,000 ...................
731,000 ..... ...........
730,000 ................
717, 0 ................
6'93,000 ..... ...........
683,000 ..... ...........
671, 000 ..... .

713,000 .
726,000U.
748,000.
764,000 .....
777,000 ........

788,000 ..
808,000 ........
844,000.....
849,000.)
840,o00.
842,000.. l.
947,000.........

961,000.' .........
9900 00...

1,017, 000 .-...
,042,0 ..................

1,091,00' ..... .,., .

,109,000 .......

1 122,000 ........ ..

1,129 000 ................

1,139,000 ...........
1,314, 00 ........ ...........

1, 14l000) ........ .. .. .. .

1,149,000 ....
1,140,000 ............
1,141,000 ..... ...

1,43,000.............
1,139,000......l.
1,152,-000 ..... l.
1,154,000 .......... .

1,547',00....

1,138,000 .
,129,000.:...... ............

1, 103,000,Y ..............

1,111,0.°iS*------ -11,123,,000 ......,.,
1,2130,000 .l
1, 14j4,0 .."

1,141,0 00( ..... I........
1, 141,-000w ..... l ......l
1, 143,000.......l......l
1,160,000v...... ......I

1,162,000 ......
1,1651,000 ..
1,167,000.
1,178,000 ..............1,174,000.........
1,181,000 ......! ......
1,2000 ......! ...... l
1, 209,0O .......... l
1,200,.000.1,211,000 .....
1,204, O ........
1,218,000 .............l

1, 23, oo ........ .........

1,223,000 ......l ......
1,224,000 .........
1,230,000 ........

1,226,000 .... ,.1.1I1224,000 ..........

Date.

18.58.
Feb. 24......

25-.....
26......
27......

Mar. 4......

5......6......
8......
9......
10......
11......
12......
13......
15......
17......
18......
19.....

264......
23......
24.....
25......

31 ......

27......
29......
30......
31......

Apr. 1......

7......
3......

6......
6......
7......
8......
9......
10......
12......
13......
14......

216.. ....
16.....
17......
20.
21......
22......
23......
24....

2G......

27......
28......
29......
30.-

My 1......
3....
4.....

15......
17......

7.....
8......

10......
11......
12....
13....

17....
18....
19....
20....
212....

Method.

Double floats.
Do.
lDo.1)o,1)o.
1)o.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
)Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

w ._

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

I ........

.........

.........

.........

.........



WATERWAY, ST. LOUIS TO THE GULF AND C1I1CAGO.

Result. of discharge observations, Misti8sippi River-Continued.
VICKSBURG, MISS.-Continued.

Depths.

Gauge Arm of
reau cross Maxi- Width.
Ing. section. Mean. mum.

Feet. Sq. jt. Peet. Feet. Feet.
46.2 ........ ...................
46.2 ............... .. .......

46.2 ............... .. .......

46.2 ............... .. .......

46.3 ............... .. .......

46.3 ............... .. .......

40i.3 ...... .. ...... ... . .......

46.3 ............... .. .......

46.3 ............... .. .......

46.4 ............... .. ......

46.4 .............. ......;

46. 5 .............. .........

46.5 .............. .........

4C.6 ...... ... ...... ... . .. :.....

4 6: 6 ...... ... ...... .... .. .....

40. 8.6 ...... .......6 .. . ..

4o.8 .. . . . ...... ...... .......11.81...... ... ...... . .... .......

46-.8 ...... ........ .... .......

4 i. 8 ......... ...... ... . .......

46.8 .............. .. .......

46.8 ....... ...... .. .......

46.7 .............. .. .......

46.9 .............. .. .......

4C. 9 ......... ...... ... . .......

46.9 ......... ...... ... . .......

46.9 ......... ...... ... . .......

47. 0 ......... ...... ... . .......

46>.9 ......... ...... ... . .......

46.c@9 ........ ...... .... .......
4 .8,...... ... ...... ..... ........46.8 .... ...... .. .... ...... ........46.8 .... ...... .. .... .. ...........46.7 .... ...... .. .... ...... ........46.7 .... ...... .. .... ...... ........46.7 .... ...... .. .... ...... ........46.7 .... ...... .. ..... .. ......

46.8.

.46.8w.... ...... ...... .......

46.7................... .......

46.8 .... ....................
46.8 ......... ..................46.9....... ..... ........

46 .9 .......... .
.

.46.x .. ...... . ...... ... . ........4u.8 .. ....... ... . ..... . .......

46.6 ............... .........

46.........9.. ...... .. .......

46.4 ..........-. .. .......

46.3 ............... .. .......

46.1 ............... .. .......

45.7 ............... ..........45.6 .. ...... . ...... ... . ........45. 6 .. ...... . ...... .. ..........45.4 .. . . .. ...... ..!.... .......

.45.2 .. ....... ...... ....... .......

.45.1 .. ...... ...44. 7 . .. . .. 1.....

. 44. 5 .... r.... .....* ..--..-|*..-- ........44. 3 .. .... .. ..... .. ....

3.J36.. .. .... .. .... .. ....... ...

4.442.. ...... . ...... .... .......

4202 .. ....... ... .... . . .......

40.7.

40.7F....

3.9......... ...... ..... ............

3 . 40 ,........ ...... ...... .......

3 .8 u. v........ *...... ...... .......

467.3..

......

46.8 ................
46.8. ... ...

311. 2 .... .. . ...... ...... .......

3 .2.......... ,......... ... ... .......

46.8.3* .... ......... ......

.3s2 1

.. ...... .. ..... . .......
6. ......... .....

463..8.

46.2.......

4.4S.8---''''
46W.3.*--
4.1...............

dean
veloc-
ity
per
Sec-
ond.

Feet.
7.05
7.05
7.00
7.00
7.05
7.02
7.02
7.07
7.02
7.00
7.07
7.03
6.97
6.89
0. 92
6.95
6.87
6.89
6.85
t.89
6.91
6.89
6. 07
6. 99
6.97
7.03
7.01
6.94
6.83
6.82
6. 82
6.88
6.90
6.90
6.86
6.86
6.91
6.93
6.94
6.90
6.89
6.91
6.90
6.90
6.95
6.91
6.91
6.93
6.90
6.79
6.72
6.65
6.68
6.67
6.65
6.66
6.63
6.54
6.49
6.45
6.38
6.23
6.16
6.13
5.99
5.88
5.90
5.81
5.80
5.81
50.69
5.50
5.44
5.33
5.16
5.04
4.64
4.47

Discharge per second.

River.

Cu. feet.
1 235, 000
1,235,000
1, 227,000
1,227,000
1,236,000
1,233,000
1, 232, 000
1,241,000
1,233,000
1,241,000
1,242,000
1,238,000
1,227, 000
1,216,00Q

1,219,000
1,212,0001, 212, 000':P1,218,000
1,222,000
1,218,000
1, 231,000
1,238,000
1,234,000
1,244, 000
1,212,00
1,231,000
1,209,000
1,207,000
1,206, 000
1,216,000,
1,219,000`-
1, 212, 0(00
1,212, 000
1, 220, 000,
1,224,000
1,226, 000
1,220,000
1,218,000
1,222,000
1,220,000
1,221,000,
1,229,000
1,218,000
1,216,000
1,218,000
1,210,000,
1,189,000
1,170,000
1,155,000
1,158,000
1,165,000
1,148,000O
1,147,000
1,137,000
1, 117,000
1,101,000
1,086,000
1,067,000
1,026,000
993,000
982,ooo
951,000
909,000
882,000o
87S 000

832,00
791.000
708,000
749,000
714, O0
672,000
575,000
541,000

Bank. Total.

CU.f et. Cu. f eet.
........ ... ..........

........ ..... .........

........ ... ..........

........ ... ..........

........ .. .............. ............
........ ....

........ ... ..........

........ ... ..........

........ ... ..........

........ .... .........

........ ... ..........

....... ...........W........ ...........

........ ..... .........

........ ...........

...... ...........
....... ...........
........ .. .. . . .

... ., . . .. . .. .

........ ... ..........

........ ... ..........

........ ...........
:....... ...........
;, ..... ...........
........ .. ..........

: ..... ...........
........ ... ..........

,.. . ...........
........ .. ..........

... . . ...........

. ...... ..........., .... ...........
,. ......... ...........

0 ....... ...........
........ ...........
........ ... ..........

........ ... ..........

........ ... ..........

........ .. ..........

........ ... ..........

: ..... ...........
....... ...........
;: ..... ...........

........ ...........

....... ...........

....... ...........

........ ...........

...... ...........
....... ...........

........ ...........

........ ...........

........ ... ..........

....... ...........

.

....... ...........

........ .. ..........

........ ...........

........ . ...........

....... ... ........,
...... ...........

....... ...........'....... ..........., .... ...........

....... ...........

........ ...........

....... ...........

........ ... ..........

........ ...........
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Date.

1858.
*May 24......

25....
26.....
27.....
28.....
29 ....

June 1.....
2.....
3.....
4.
S.....
7.
8.
9.
10.....
12......
14......
15......
16......
17......
18......
19......
21......
22.....
23.....
24.....
25.....
26.....
28.....
29.....
30.....

July 1.....
2.....
3.....
6......
7.....
8......
9.....
10.....
12.....
13.....
14.....
15.....
16.....
17.....
20.....
21.....
22......
23.
24......
26.
27..
28......
29......
30......
31......

Aug. 2......
3.
4.
6......
7......

13......11......
12......
13.....
16......
7......
8......
19......

2U.. ...
21...
23...
24...
25.....
26.....
28.....
31.....

Sept. 1......

Method.

Double floats.
D)o.
I)o.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
Do.
l)o.
Do.
Do.
Do.
Do.
L)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
D)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do
Do.
1)o.
Do.
1)o.
Do.
Do.
D)o.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
1)o.
1)D.
Do.
Do.
1)o.
1)D.
D)o.
Do.
Do.
Do.
1)o.
1)D.
D)o.

o.
1)D.
Do.
Do.
D)o.
Do.
D..
D..

-S I

-- - - -



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.
VICKSBURG, MISS.-Continued.

"aue1 Area of
red-I cross
In..I -.I.,111;.

Feet.
25.2
23.4
2Z2.0
20.5
20.0
19.3
18.0
17. 4
16.8
10.4
15.9
16.6
16. 1
16.6
17.1
17.2
17.3
17.2
111.7
15.3
14.8
13.1
12.7
12. 4
11.9
11.0
11.2
10.4
10.1
9.8
9.5
9.2
7 4
7.3
14.0
16.4
18.1
20.1
23.4'
24.1
23.8
22.8
22.3
2)). 3I
19.8
18.0
18.5f
17.9

15.81
16.31
14.7
14.2
13A.
13.9
14.5
15.1
20.8
25.0

I Sq. ft.
1---------
1 -------
1-------I
1--------
1 ------.
1..-----
1----..
1-------.
1 --- --.
1 -----.
1 ------.
1-------.
1--------

Depths.

Men. Maxi-Menmum.

Feet

.. ... .

*--.. ..

...*-1

...-1.
*-- . -.1
*- .. -.1

--- 1.
*--..-1
... *-1
. . ..l

|Feet.
1------
1------
1-----I
1-----
1------
1----.
1----.
1---.
1- --.
1-..
1-----
1---.
1 ---.

Width.

Feet.
.......
.......
.......
.......
...... .-

.......

.......

.......

.......

.......

.......

.......

.......

Mean
veloc-

Ity.
per
sec-
ond.

Feet
4.48
4.63
4.54
4.14
4.09
4.09
3.99
3.98
3.80
3.85
3.90'
3.92
3.91
3.97
4.03
4.09
4.02
3.89
3.85
3.73
3.65
3.h54
3.55
3.44
3.37
3.32
3.34
3.19
3.17
3.09
3.19
3.14
3.02
3.06
3.79
4.07
4.58
4.77
5.09
4.95
4.72
4.59
4.57
4.44
4.24
4.23
4.04
4.05
4.03
3.75
3.75
3.6
3.65
3.56
3.63
3.70
4.11
4.73
5.35

Discharge per second.

River. Bank. Total.

Cu.- feet Cu.feet. Cu. feet.
h,3,(H)0 ....... ...........
28,00 .................

620,0(0 ..................
462, 000 ...... ...........
443,000 ...... ...........
436 000 ..... ...........
412, 0(K) ...... ...........
405, I)0 ...... ..........
387,000 .................
382,000 ..................
X3000 ................381,000 ... ...........
385,0.0.0 ...... ,.
396;, 000 ...... ...........
407, 000 .................
414,000 ............
408, 000 . ..........
394,000 ...... ...........
38, 000 ...... ...........
301, 000 ...................
348 000 ...... ...........
323,000 ..... ...........
321,000 .................
308, 00() ...... ...........
297, 000 ...... ...........
290,000 ...... ...........
289,000 ......,.
270,000.
266,000.
267,000 ...................
203,000 ...................
257,000 ...................
233,000 ..................
230,000, ....... ...........
354.000.
40,000.
474,000.
517,000.
554,000 ........

28,000.
6520,000.E200 ...... ...........

48460000 ....... ...........
457,000 ....... ...........447, 0000 ........ ...........447,000 ........ ........
417, 000 ....... i.39710°°0 ............1-'1397,000 .. . .

362,000 ........ ...........

348,000 ....... ...........
342,000 ....... ...........
327,010 ....... ...........
339,000 ....... ...........
350 000 ....... ... ...400, 000... .
518,6000 .. ... .........
615,000 ....... ...........

[600 miles below Cairo.]

1903.aI iaMar. 31, a. m. 61.38 206,000 86.2 141. 7 2,389 7.44 1,632,000 b75,00 1,606,000Meter.O
p.m. 51.35 ....7.47 1,539,000 b75,000 1, 14,000 J)oible float.

Apr. 1. 51.30 199,800 83.6 141.'6 2,389 7.55 1,509,000 b74,000 1,683,000 Meter.2.. ..51.20 199,800 83.6 141.6 2,389 7.38 1,475,000 74,000 1,649,000 Do.
4........60.95 203,500 85.2 141.5 2,389 7.30 1,486,000 b73,000 1,559,000 Do.

1904.
Apr. 23 ....... 84.65 205,700. 7& 1 157.0 2,836 6.72 1,382,000 ........ ........... Do.

nVicksburg United States engIneer ugewhose zero Is 66.04 feet aiove the Cairo datum plane. The dis-
2harge section is 365 meters below the Reuge oil mill. Overbank discharge measured on right batik.
Observationsand reduction under direction of Capt. Wm. B. Ladue, Corps of Engineers, secretary N{k.sis.
sippi River Commission. Reports Chief of Engineers 1903 supplement, page 116, and 19.5, p:iae 120. 14'()4
velocities are Tnlenlls of smulltaneotis observations with a 1'askell and a P'rice mneter.

b All overbank discharges deduced from measureznent made on Apr. 2.
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Date.

1858.
Sept. 2......

3......
4......
9......
10......
11......
13......
14......
15.....
16 ......
17......
18......
20.....
21......
22......
23......
24......
25......
27......
30......

Oct. 1......
4......
5.
7......
7....
8......
9......
12......
13......
14......
15......
16 ......
25......
26......

Nov. 8......
9......
10......
11......
13......
le ,......
17......
19......
20......
23......
24......
26......
26......
27......
30......

Dec. 1......
2......
3......
4......
6.
8.
9....
10......
13......
15......

Method.

Double floats.
Do.
I)o.
Do.
IDo.
Do.
Do.
1)o.
Do.
Do.
I)o.
Do.
Do.
Do.
)o.

1)o.
Do.
Do.
1)o.
l)o.
1)o.
1)o.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
1)o.
Do.
Do.
Do.
l)o.
Do.
1)o.
Do.
I)o.
Do.
Do.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

..... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

...... .......

.............

.............

...... .......

....

.......

.............

.............

...... .....

.............

.............

.............



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Remits of discharge observation, Mississippi River-Continued.
VICKSB3URG, MISS.-Continued.

-600 miles below Cairo.]

Date

190B.a
Apr. 22..................
23.
23..................
24..................
25..................

1906.a
Apr. 22...........

23...........
23............
24............
25............

Sq.ft.
+6,838

+7, 4e
--7,607

Date.

1907.d
Feb. 10, p. m.........

11, a. m..........
11, p. m...........
12, a. m...........
12,p.m...........
13, a. m...........
13, p. m ...........

Gauges.

Stand-
ard

gauge.

Feet.
46. 70
46.80
46.90
47.00
47. 13

Feet.
6.01
6.21
6.42
6.68
8.96

Stand-
ard

gauge.

Feet.
.19. 55
49. 60
49. 65
49. 65
49. 65
49. 65

* 49. 65

Local.

Feet.
. .. .. .. .

Change
In 24
hours.

Feet.
+0.20
+ .15
.. ....
+ .10
+ .16

cu. ft.
1,408, 518
1, 373, 974
1,41I1, 562
1, i23,049
1,534,762

Gauges.

Local.

Feet.
........
........
........
........
........

........

........

Change
in 24
hours.

Feet.
+0. 1
+ .1
+ .05

.0

.0

.0

.0

Cross section of (liscilarge.

Area.

Water.

Sq.ft.
213,036
220,10

b 220, 33S
228,015
220, 70(

Cu. ft.
1,373
1, 391
1, 408
1,426
1,443

Below
datuini .

Sq.ft.
214,032
220,870
.........

228, 31t;
220, 709

Cu. P.
1,109,916
1, 375, 36.5
1,415,970
1,524,475

r l, 536, 205

Depth.

Mean.

Feet.
92.0
95.0

95. 3

etan Maxi-
dat'umuin.! uuuunt.

Feet. Feet.
92. 4 172.8
05. 4 171.0

.... i . . . ~. ....

95.83 177.3
95.3 176.56

Direction
anrid

force of
winld.

Meter.. tO
...do..... I I
Dollble float. 10
Meter . I 11.....do 10

CA)

31
39I ii

Calin.
1. light.
Ca liii.

1)o.
VI. Light.

Cross section of (d iseharge.

Area.

Water. Below
datum

Sq.ft. Sq.ft.
207, 825 208,055
200,8600 200,915
200, SX) ..........
207, 105 207,105
207,105 ..........
197 955 197, 9M5
197,955 ..........

Depth.

Mean.

Feet.
00. 4
87. 3

Mean
datum.

Feet.
90.5
87.4

Maxi-
mum.

Feet.
170. 0
170. 0

....... ....
i0.W. 1 10(.0........ 1......0..... ...

8G 1 86. It17. 0

.'ero of U. 8. Engineer standard gauge is 46.16 feet above menn Oulf level. The datum line for comn-
puting datum areas was at 47.13 feet on this gauge. The dischargede section is the sanme as that used in
1904; It 13 365 meters below the Refuge Oil Mill below Kleinston. Velocities were measured with Price
meter No. 38.

bInterpolated.
.Dlscharge measured; over-bank discharge for other days derived from this.
d Obeservatious and reductions made under direction of Capt.0. 1t. Lukesh, Corps of Engineers, U. S.

Army, secretary Mississippi River Commission. Vlckshurg United States engineer gauge; zero is 46.16
feet abbve mean Gulf level. The datum lIne for computing datumin areas was taken at 49.65 feet on the
gauge. Price meter No. 28 was used. Overbank discharge was measured on eight bank ol IFehrulary 12.
All overbank disehartes were drrive l from this ieasuirenieit-. 'T'he discharge sectIon is at saine llace as
that used In 1901-3(53 meters below the refuge oil 1ill below Kleinstoti.
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Width.

I-ee.
2, 316
2, 31 1

. ...... i.

2. 316
2,316

WIdth.

Feet.
2, 300
2,300
22,30
2,3(X)
2, 300
2,300
2,30

=I



WATERWAY, ST. LOUIS TO THE GUIJ1F ANTD CHICAGO.

Rwults of discharge obaerwations, Mnieaippi River-Contiuued.

VICKSBURG, MISS.-Continued.

Date.

1907.'
Feb. 10, p. m..........

11, a. m...........
11, p. m..........
12, a. ni...........
12, p.m ..........
13, a. m...........
13, p. m..........

a
t
0

Sq.ft.
1.......0..

...........
+6, 190

,..........
-9, ISO

,..........

et.

I s

,18.03
7. 87

18. 16

8.05
18.24

7.78

8.50

9
K.
0.,

.50
p._ _

1,608,009
1, 680,021
1,637, 438
1, 6WI, 172
1, 707, 50
1,540,040
1,689,771

01
* I.

p a
o It

vo

Ctu. ft.
11,288
12,600
13, 711
1:3, 711
13, 711
13,711
13, 711

o:.

.v W

O .1

Cu. ft.
1,679,207
1, r192, 521

1,721,211
1, 5.53. 751
1, 703, 482

.0

Meter .........
)olible floats. .

Nieter .........
d.... lo........
.....(10
D)oIIble floats. .
Meter .........

a Observations and reduictlons made under direction of Capt. 0. R. 1.ikesh, Corps of Engineers, U. S.

Army, secretary Mississippi River Commission. Vicksburg United States engineer gauige: zero Is 46.16
feet above inean Gulf level. The datum line for computing dattim areas was Wtken at 49.65 feet on the
gauge. Price meter No. 28 was used. Overbank (ilseharge was mneasuired on right bank on February 12.
All overbank discharges were derived from this mieastirenient. The dischargee section is at same place as
that used In 1904-365 meters below the refuge oil mill below Klelnston.

WARRENTON, MISS.

Date.

1884.0
Oct. 8......

14......
15......
16......
17......
22......
25 ......
28......
30 ......

Nov. 4......
6......
8......
10......
14......
15......
7......

19......
22.....
24.....
27......
29......

Dec. 1......
3.
4.

6.

9.
10......
12......
13......
15......

1885.
Jan. 2......

8......
10......
12......
13......

Gauge
rea IIng.

Feet.
13.6
17.9
17.6
17.0
16.4
15.8
15.6
14.6
14.0
14.0
13.7
13.4
12.7
10.3
9.8
8.7
7.7
6.5
6.3
6.0
6.8
6.9
7.0
7.8
9.0
8.3
7.7
6.2
5.6
4.8

20.4
34.2
36.0
37.2
37.6

Area of
cross

section.

Sgt.;
88,800
98,900
97,6 00
9, 900
96,000

91,700
89,900
88,900
87, 300
85,000
83,600
84, 600
82,600
76, 300
75, 900
72,300
70, 200
66, 600
67,000
86,300
64,900
65,800
68,100
69,600
70,500
69,600
68,000
66,200
64,600
63,400

105,600
149, 200
151,200
154,000
164,900

tabulatedd results in Report
P. 2840.1

Depths.

Mean.!Maxi-mumtL.

Feet.
36.2

38.3
38.2
38.0
37.8
36.6
35.80
36.2
35. 7
334.83-
34.3

34.8
34.3
33,1
33.2
32.1
31.6
30.4
30.9
30.7
30.1
30.4
30.9
31.3
31.4
31.4
31.0
30.3
29.6
29.1

38.7
66.6
46.0
46.0
45.7

61.0

63.0
64.2
64.9
63.8

'62.0
62,0
60.'.2
59 5.
569.8
69'. 2
59.3
68.9
66.3
65.8
64,1
65. 0
53.7-
63.8
63.0
53.3
3. 8

63.8
54.8
65.4
55.5
65.3
64.1
52.6
52.3

69.1
81.6
84.2
85.1
85.4

Feet.
2,451
2,581
2,6555
2,553
2,613
2,609
2,608
2,454
2,444
2,444
2,1418
2, 433.
2,410:
2,303
2,287
2,265
2,222
2,:192
2,172
2, 160

2, 1655
2,160
2,202,
2,2121
2,244
2,214
2,196
2,180
2,180
2,177

2,735
3,205
3, 288
3,348
3,388

IMean | Discharge per second.
veloc |
I Ity
per

sec- River. Bank. Total.

ond.

Feet.
4.63~1
4.66

4.20
4.3
4.02
4.32
,3,i80,
3,84
3.94
4.03
3.97
3.79
3.60
3.70
3.44
3.449
3.64
3.38
3. 65
3,"34'
3.61

3.26
3.55
3.65
3.43
3.65
3.39
3.34

3.30

5.02

5.94
5.97
6.76
6.37

of Chief of Engineers, 1887,

411. n0n
4; I ('1)
422., )

407, I000
4:30. 0(0

369. 0oo
3S9.000
337.000
3.36,5000
335,000
337,000
33(X1000
3 13.000
275.0 ())
280,0010
249.000
242, 0()
2:36, 000

221,000
235,060
217.000)
237, )00
221, 000
247, 000)
267.000
239, )00
248,000
224,000
216,000
209,000

530,000
88S6,000
903,000
887,000
987,000

p. 2843.

Method.

}...............

... .... ..... .. . .. .......

.........)},........
)...............
)........ ...........

........................................

)...................
........ .........>...............

................

)................
... .. .. .. .. .. .. ....

....... ............

...........Roor ofCifo

Meter.
1)O.
Do.
1)D,
1)O.
I)o.
1DO.

D)0.
D)o.
Do.

1)o.
Do.
Do.
D~o.
D)o.
Do.
)o.

1)o.

Do.
1)o.
D)o.
D)o.
Do.
1)o.
Do.
1)o.
Do.
Do.
Do.

i)o.
Do.
Do.
Do.
Do.

Engineers, 1889,

* The sections of 1884-5 are about one-half mile below the landing at Warrenton, Miss. Observations
and reduction undor the Secretarv M. it. C. The gauge realinzs are those of th standard U. S. Engineer
gauge at Vicksburg, whose zero is W;.04 feet above the Cairo dutuLu plane. \Nv'lraQ[t(uu is awOUL 6 iLille
below Vicksburg.
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WATERWAY, ST. LOUIS TO THE GULF AND CHIICAGO.

Results of discharge observations, Misnissippi River - -Condti ued.
WARREN'TON, MISS.--Contlinued.

Gauge Area of
read- cross
ilg. section.

Fedt.
40.2
41.0
41.2
-41.4
41.8
42.0
42.2
42.2
42.4
42.2
41. 4
40. 0
36. 0
31.9
31. 0
33.8
33.0
32,2
31.3
30.2
28. 8
20.0
24. 7
2:3. 6
23. 0
22.6
22. 4
22.7
23.5
24.2
25.0
2(. 2
28. 6
29. 4
30.8
32.2
33. 41
34.5
3.1. 2
3;3. 8
33. 3
31.4
29.6

32. 4
31.9
29.2
28. 6
28.0
27.4
25.9
25. 6

25.t6
24. 2
27. 4
29.4
29. 9
30.2
30. 3
30.2
30. 0
29. 4
28.6

SQ.:ft.
1(;1, CM0
170,600
171,'000172,, 00
175,400
175,800
175, (300

175,80
180,400
17(;, 00

179,7K00
168, 5(0
153,4(0
164, 0(0
162,800
150,300
147,500
147,700
143,300'
140,200
136,90)
125, 50)
120,904)
118, 01)
119, 204)
116(, 301)
115,70(0
119,700
120, 30)0
123,300
124, 300
128,900(
133,100
1.38, 30(0

146, 200
148,700
153 ,000

147,100
148,900
149, 190
141,000
132, 700

145, 00

145, 990
138, 300
133,300
130, 0OO
130,900
127,300
123, 00

124,100
126, 400
132,200
141, 490
142,200
140,500
139. 90
140,900
141, 760

139, 0oo
137,000

Depths.

Mean..MaxI-

Feel. Feet,
46.0 86.7
47.0 90.4
46.9 90.3
47.0 90.8
47.5 90.7
45.8 90.6
45.8 89.4
45.8 89.6
47.3 90.6
46.5 91,.6
49.2 89.3
47.2 81.8
45. 3 79.4
45.8 80.5
46.2 81.9
45 7 81. 1
45'.1 78 92455 80.2
44.9 78.6
44,6 77. 9
44. 1 76.0
411.9 72.6
40.9 70.8
40.4 70.4
41.3 67.8
40. 4 6.09
40. 3 6. 8
41.8 67.2
41.6 6,59
42.3 69.8
42. 3 69. 4
43.0 70.7
43.5 73.0
44.6 75.3
44.0 75.8
45&4 77.1
44.8 78.4
45. 6 S0. 7
44. 0 79. 5
.1-4. 7 79. 3
45.0 79.3
43. 4 76.8
41.9 74.5

42.3
42.6
41.2
39.9
39.3
39.7
39.0
38.0
38.1
38.7
40.2
42. 2
42.3
41.7
41. 5
41.8
42. 1
41. 6
41. 1

78.6
79.4
77.0
76. 1
74.9
74.0
72.9
71.2
71.3
71,3
72.5
74.3
75.3

74.8
75.8
75. 7
75.7
75.4
74. 7

\dth.

Feel.
3,610
3,0 26
3, 0650
3,072
3,690
3,840
3,835
3,83t3
3, 812

3,.800
3,654
3,568
3,386
3,306
3,308
3, 92
3,272
3,249
3. 193
3, 146

3, 10t3
2,996
2, 90 1

2,910
2,88
2, 7.5
2,871
2,800
2,897
2,917
2,939
2, 995
3,055
3,100
3, 15i
:3,220
3, 321
3,352
3, :351
;3,331
3,313
3 '51
3, 1I;4

3,439
3, 421
3,3-57

3,:325'
3,'3023,261,
3,2,57
3,253

3,287
3,351
3,360
3,308N
3,370
3,303
3,3439
3,355)
3,335

Mean
veloc-
ity
per
sec-
ould.

0.24
6. 40
0. 73
6.38
0.18
5.86
6.26
6.10
5.88
6.09
5.87

6.05
5.23
6.12
5.24
5.22
4.89
4.77
4.01
4.50
4.31
4.35
4. 19
4. It
4. 08
4.17
4.23
4.39
4,38
41, I16
4.541
4.79
4.80
1.88
4. 9-1
5.24
5.28
5. 18
5. 10
4. 72
4.81
4. SO

4. SO
4.80
4. 78
4.62
4.63
4.53

.1. 28
4. 36
4. 7)
4. 77
5.01
5. 03
4. 98
4.93
4.93
4.94
4.78
4.75

U

Cu

Discharge per second.

River. Bank. Total.

Cu.fl, Cu feet.; CO feet.
1,00'.,000(............

1, 002,0OM ....................
^1, 151, I)O -

....... t...........101,00
I,18,100........0 ...........3,°00 0-

1030,000 ........... ....1,099,000 ..... ....

1,072,000 ., . 1, .

1,O,000 ..................
1,076,000.....
1, 075, 00 .... .... ...L,055,0...........

774,000 ..............
80t1,,00.
783,000 .......... .

787,000 ... ..... .

770,000 .....-........1
723,000 ...............!
684,000 ...............
646,000 ............... .

616,40)0 ... ......
641,000 ..... ...
526,)0...0.....

497,000...
490,000 ...................
475,000 ...

483,000 ........ - .

507 1000 .. .... .. .....
529'000 .:.................
540,0 )0 .... , .,.,'
.15I,000
585, (000
637,0100
(3.1, 0no
r841, t0)(
722,4)00
779,000
80Y,000
7(63, )00
759,
704,0)4)

1 82,00)
637, 000)

707, ...............

701,0000...... ...
0162, 004) ...... ....

61t., 001)..... ... ........ ......i

405,I)00.
593,000 ........... ...

........... ........ ..........

6:30,0)1)...................
541,004) ...................
594,000.
6:31.)00 .--
70)9,000 ........j

715, 000 ..-... 1
71)0), 004) I. .. - - - -. . . .. I
690,0)0 ...................
695,000 .........

700,000 1...................
4184180I1 ..........

6.0, ....... ..

Niethod.

Meter.
lDo.
1)o.
Ilo.
Do.
)O.
Do.

D)0.
I)o.
)o.
)O.

D)O.
1)0.

)0.
)o.
)0.
)o.
)o.
)o.
)o.

J)o.

)o.
)o.

)o.
Do.

)o.
1)0.

DO.
1)0.

Do.
)o.

[1)g.
)o.
)o.Do.

)o.
D)0.
DO.

1)O.1o.
)(.
)o.

)o.

1)0.1).

)o,
Do.

)o.
)O.

Do.D)O.
Do.
1)o.Do.

I)o.
Do.

1)0.

D)o.
D)o.

a Slough discharge, 3,002,000 ctbicl fret.
bSlough discharge, 4,230, 000 cublie feet.
cSlough discharge, 3,790,000 clblic feet.
d Slougll discharge, 6,040,000 ublic feet.
e New section 200 feet above the old one.
'rhe observations of 1889 and 1890 made by Mississip)pi River Comniuulmilon, fourth district olffeer. and

reduction by the secretary. Trhe section was about 2.800 feet helow the iandvin! at Warrenton lnd
about 200 feet above the section of 1885 and oblique to it. 'T'abulation, Report Chief of 1Knguneers, I191,
pp. 3512 and 3.5:8.

B. Doc. 50, 61-1-20*
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Date.

1885.
Jan. 18......

21 ......
22 ......
23.:....
25......
28......
29......
30......

Feb. 2......
ti......

7......
9......
14 ......
16......
19......
21......
23......
25......
26t......
27......
28......

Mar. 2......
:3....
4......
5 e
6......
7......
9......
ll ......
12......
1;3....
14.
Ili......
17......
19......
21......
23......
26......

31....
Apr. I......

4.....
6......

1889.f
Mar. 15......

1t6......
20 ......
21......
22......
23......
26 ......
27......
28......
29......
30......

Apr. 1......
3.2......
3.......

5....

8......
10......

........ .... ......

...........

...........

........ .......

........ ...... ....

........ .....

........ .....

............. ....

........ ...........

......... ........



306 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Reslt of discharge observations, Mississippi Ri~ver--Continued.
WARRENTON, MISS.-Contioued.

1)epths. Mea 1Ischarge per second.

(lauge. Area of veloc-_________
Date. read- cross Width. tMehd

ing section. Mean. Max'- rC(r Mevr.Bakod.almum. ond Rie. Bak Ttl

1889. Feet. Sq.ftI. Feet. Feet. Feet. Feet. Cu. feel, Cu.feet. Cu. feet.
Apr. 11.....28.2 135,500 40.'8 73,8 3,325 4.ti03 031,000............Meter.

12.....27.9 133,400 40.2 73.6 3,310 4.07T 0212,000............. Do.
13.....27.6 133,300 40.4 74.8 3',301- 403~ 617,000............ 1)o.
15.....27.3 133,500- 40. 5 74.8 3,9 4. 556 608,000 . . ...... iDo.
16.....26.8 132,5600 '40,3 ~74.8~3,285'1 4.5 bog:,000 .......... .....
17.....20.2 130,300 39.7 74.31 3,278 4.58 596,000 ........... lDo.
18.....25.7 128,000 39.2 73,~3 3', 2041 4.42 6505,000 ....... Do.
19.....25.1 125,100 38.5 72.7 3,260 4. 44 550,000...........Do.
20.....24.6 123,300 38, 1 71, 0 3,2341 4. 31 532,000 .... ....... 1)0.
22.....23.5 118,800, 36.9 70.5 3,223 4 692'2000 ............ 1)0.
23.....23.2 117,200' 30.`4 09. 3,219 4.2 0,000............. Do.
24.....23.0 110,2600 36,2 69.,0 3,208 4.41 512,#000 . . . lo.
25.....23.1 115,000 36,0 09.4 3,208 4.44 513,0600............ iDo.
26.....23.2 1143,100 30.2 69.0 3,211 :4.30 500,000 ......l...... o.
27... 23.0 118,9000 36.9 70.7 3,22 4.44 528,000 .... ....... DO.
30.. 25.2 124,000 '38.5 71.7 3,239~ 4.' b82,000 . . . 1).

May 3.....25.8 127,100 39.0 72.0 3,21 4.11o..).
4.... 25.2 125,300 38.0 72.0 3,,240 4.58- - 573,000 . .DO1).
6.. 23.2 110,000 30.2 09,56 3221, 4.41 514,000 . . . 1).

7.... 22.0 113,400 35.0 08.2 3, 180 4.311 489,000.., 1).
9.. 19.4 105,100 33.7 00,1 3t1t3 4. 13 434,000,...: D...:)0

10. 18.4 100,800 ~32.8 00.56 '3,079 4;00 409,000 . . . D).
11.. J.7.6 98,100 31.9 69.5 3,071, 3,98' 391,000r...........o..
13... 10.2 94,400 31.4 58.8 3,002 3.,94 .372,000 ............ Do.
14.....15.7 91,900 30.7 58.4 2,990 4.00, 368,000............ 1)0.
15.....16.2 90,800 30.5 57. 4 2,977 3.95 359,000............ 1)0.

16..150 89,600 30.1 57.56 2,977 4.00- 358,000......i...... o.
17.....14.9 88,800 29.8 57.2 2,075' 4.02W~ 357,000............. 1)0,
18....14.9 88,1900 ,29. 9 57.56 2,975 4.02 3517!,000............ 1D0.
20.....14.4 85,400 28.8 55.0O .219,9i 4.04 345,(000.... ....... 1)0.
21.....13.8 84,800 28.7 56.3 2,950 4.101 340,000 ............. Do.
22.....13.4 83,100 28.3 55.0 2,935 3.93 326,000............ 1)0.
23.....13.2 82,200 28.0 54,7 2,935 3.94 324,000 .... ....... 1)O.
24.....13.2 81,0600 27.9 54.5 2,92.1 3.97 324,000....1)0.......D.
25.....13.2 81,700 27.9 54.4' 2, 92-1 4.05 331,(K)........ lDo.
27.....13.3 81,300 27.8 54. 4 2,921 4.02 327,000............. Do.
28.....13.9 84,l00 28.5 54.8 2,947 4.041 340,000 ............ Do.
29.....15.2 80,600 29.1 55.4 2,977 4.38 379,000...........I Do.
31.....18.8 95,300 30.8 59.3 3,093 4. 44 423,000............ IDo.

1890.
Mar. 4.... 40.3 19Q6,600 57. 1 102.56 3,'441 62 %3, ,0 1,236,00-66 o

6.....40.4 190,30 57010. 3,4 6.29 1,234,000 2,000 1,230,000 DO.
6...46. 5 196,500 57.1 102.2 3,.4 1 6.30 1),233',000 2,000 1,241,000O Do.
7.....46.6 197,100 57.4 104.0 3,411 6.33 1,250,000 3,000 1,253,000X D)O.

Apr. 11.....47.7 206,0600 00.0 109,0 3,441 6.32 1,306,000 3,000 1,309,000 D~o.
12.....47.9 207,300 00.3 109.7 3,441 0. 37 1,321,000 4,000 1,324,000 Do

1008 miles below Cairo.)

1896.b
Aug. 2... 14.0 79,300 29.4 47.56 2,699 3.97 e315,000 ............Meter.

3....14.1 79,900 29.0 48.5 2,-699 4.563 3632,000............. Do.
Oct. 26.....-4.7 38,800 19.6 31.0 1,977 2.50 c97,000.............. Do.

26.....-4.7 38,700 19.6 30.0 1,977 2.6.I 102,000 ............. Do.
28 ....-4.9 38,300 19.4 30.5 1,974 2.57 e98,000 ............. Do.
1897.d

Apr. 1.....49.35 230,000 61.2 93. 9 3,756 7.17 1,649000 14,000 1,663,000 Do.
2.....49.35 223,100 59.4 93.5 3,756 7.32 1,032,000 14,000 1',646,1000 Do.

6Unreliable..
b Section 1j miles below old'Warrenton Landing, at 607.8 irill

&
rnes on inch-mile map and as nearly as pine-

ticable in position of old Warnonrge iksrg, gautge readings are means of 8 a. in. and 4 p. mn. by
regular observer. Elevation of zero 00.04 feet above Cairo datulm. Prices meter used. Observations by
third district officer, MisissiAoppi River Commission. Re11port Chief of Engineers 1896, p. 3557.

cFhjnklng method. Thes are .means of two flankings across river In oppsie director
d The dischamrgesectoionwas at same place as informer years, which isabout 14mlle.9 beo l a nton

L.aading, and f,7.8 miles on the inichminle map. The discharge on right bank was measrdo p. 6 and
14. The first measurement was not extended as far as tile overflow, anid was coirrectedb3,1 cbic feet
deduced from the second measurtement. This corrected overbanik-dischiarge. has beeniaotdfrAr. 1 to5
and the overbank between Apr. 6 and 14 was interpolated from those dates; that for Ap.l a erived
from the observed overb~ank discharge ofthe 14th. licksbutrg gauigereadInigs taken at~a i;zeoIs 60.01t
feet above the Cairo datum. Observations and reduction Tllade under direction of Capt. H.R. Waterman,
C~orp. f Eagnglars,aecretary Mississippi River(Co'nimission. Report Chief of Enginieers1897, p. 3656.



WATERWAY, ST. LOUIS TO T11E GULF AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.
WARRENTON, MISS.-Continued.

Date.
Gauge
read-
Ing.

1897. Feet.
3. 9. 25
5. 49. 25

7....
8....
9.
t)..
12.
13.
14.
15.

1897. d
Dcc. (6....1

7.. .. .

7.......

188.Ap .24 ......

Ap~r. 24...-...
25

'5....*..

49.30
49. 35
.19. 60
.19. 8S
0.'( 1.'
50. 90
51. 30
51.55
51. 95

2. 4
2.9
2.9
2.9
3.0
3.0
3.0
3.0
3. 2
3.2

49. 40
49. 40
49. 40

Area of
cross

section.

Sq. ft.
225, 00
227,400

In228, wot
229,600
233,400
2,38,200
240,500
2,11,800
237,800
a243, 300

218,800

84,900
87,400
86,400
80,700
87,400
87, I()
87,500
87,100
87, 50)
87,100

2.54,600
25l,!00
.2.50, 00

Depths.

MeanI1111111i

Feet.
I59. 9
60. 5
60.8
61. 1
62. 1
63. 4
64.0
64. 4
63. 3
61.8
M..2

25. 7
26. 4
20.1
20. 2
20. 4
26.3
20. 4
26. 3
26. 4
26. 3

Fecl.
93.0
93.8
......

93. 6
02. 8
0t. 7
91.6
93.8
93.5F
... ...

93. 9

42.9
42. 5
42. 4
41 8
42. 7
42. 6
42. 5
42.6
42. 8
42.6

60.4 89.1
60.9 ....
60.9 87.f6

Width.

Feet.
3,756
3,756
3,756
3,756
3,756
3,756
;3,756
3,75i6
3,7h56
3,756
3,756

3,310
3, 313;3,)313
3,313
3, 322
3,322
3 322
3,322
3,324
3,324

4,217
4,217
4,217

Mean
veloc-
ity
per
sec-
ond.

Feet.
7.09
6.74
6.49
6.90
7.04
7.00
6.73
7.04
7. 23
6.87
7.02

1. 93

I1.96'1,950
1.98
1.98
1.87
1.92
1.94
2.05
2.05

5.f65
6.36
5. 6Gl

Discharge per second.

River.

Cu. feet
1,595,000
1,533,000
1,484,000
1,683,000
1,643,000
1,667,000
1,618,000
1,701,000
1,720,000
1,672,000
1,746,000

164,000
171,000
168,000
172,000
173,000
103,000)
108,00
1(;, 6000
179,000
178,000

1,439,000
1,377,000
1,4541,000

Bank.

Cu.f'eet.
14;000
14,000
{b4jO OO

16,0
17,00
19,000
24, 00
27,000
c29, 000
31,000

Total.

Cu.i, feel,'

1,6598000t
1, 6S'x, 000
1,637,000O
1l,725,000
1,747,000;
1,700,00(1
1,777,000

Method.

M.feter.
Do.

Double 90at3.
Meter.

1)o.
D)o.
l)o.
1)o.
1)o.

Double floats.
Nleter.

Do.
Do.
Do.

Double float.
D)o.
1)o.

M P (e r.
Do.
Do.
Do.

Do.
l)ouble float.
Meter.

a InterpolatedPl from preceding and following days.
b Ilrtilv observe(d.
Olbserved.

d Vicksluurg 11nited States engineer gauge at. Kleinston, Miss., whose zero is 66.04 feet above the Cairo
datumu. 'I'he discharge section Is near Ipresent landing below W\arrenton, Miss.,at same place as In former
years, about 6;07.8 mniles below Cai ro--on the Inch-to-mile map. January, 1898, right bank end was swung
(lownstreaIn 15° to nmake the section more nearly normal to the direction of the flow.

WATERPROOF CUT-OFF.

(Waterproof, Ia., Is 663 miles below Cairo. The discharges through the old channel were observed about
the same times, anrl co0np)uted to be 370.465 cuhlbcfeetpersecond in Mayand231,174 cublcfeetpersecond
in July. Report Chief of Eln-Inecis, 1891, p. 3188.]

Depths. hMean Discharge per second.
Gauge Area of _ veloc-._

Date. read- cross Width. Ity per Method.
ing. section. Mean muax sec- River. Bank. Total.

mumn. ond. R

188-1. Feet. Sq.ft. Feet. Feet. Feet. Feet. Cu. feet.: Cv.feet. Cu.feet.
May 25...... a 40. 7 727 51.9 73.0 1,40t b6.46 469,000......M..............eter.

Total.. .. ..* * 839,000...................

July23... 21.0 7.52 59.1 I 10.0 1,273 d4.0 ') 301,00......D..ouble float.
c231,000 .. ...........

Total........ ......... ... ...... ...... ............. ...........

a St. Josep~h gaulge.
b The velocityayoupservtions were taken about 100 feet above the section sounded. Water surface was

87.326 feet above tlie ('airo dattutum pllane.
C )ischnrge through old channel.
d In comptiting the velocities the average departure of the floats, 46.5 feet was assumed for each path.
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308 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Relts of discharge obervations, Mississippi River-Continued.

NATCHTEZ, MISS.

ITaken from Humphreys and Abbot's Report on the Mississippi River, page 597, edition of 1876.3

Date.

1858.0
Jan. 8............

9............
11............
12............
13............
18............
20............
21............
22............
23............
28............
29............
30............

Feb. 1............
4............

B............6............
8............
9............
10............
11............
13.......
16.......
17............
18............
19............
20............

1890.
Mar. 17, a. m.......

17, p. m.

1891.b
Mar. 24............

25............
26............
27............
28............
29............
30............
31............

Apr. 1............
2............
3............
4............
6............
7............
8............
9............

11............
13............
14............
15............
16............

1892. c
May 16d..........

17d...
19d .......
20............
21............
23............
25............
26............
27............
28............
30............
31............

Gauge
read-
tng.

Feet.
37.9
37. 5
37. 4
37. 5
38.2
40.6
40. 4
40. 3
40. 1
39. 9
39. 6
39. 6
39. 6
39. 9
39. 9
39. 8
39. 4
38..7
38. 3
37.9
37. 6
37. 6
36.9
36. 7
36. 3
36..1
35. 6

46.6

46.1
46. 1
46.2
46.2
46. 2
46.2
46. 2
46. 3
46. 4
46. 4
46. 4
46.4
46. 4
46. 4
46. 4
46. 4
46. 5
46. 4
46. 4
46. 4
46. 3

47.0
47. 1
47.2
47. 2
47. 1
47.1
47. 1
47.0
47.0
47. 1
47. 1
47. 2

Area of
cross

section.

Sq.ft.
..........
..... .....
..........

..... .....

..... .....

. .........

. .... .....

......... .

..........

..........

... .......

... .......

..........

..........

..........

..........

..........

.. .. ......

.. ........

.. ........

..........

..........

.. ........

... .......

. .........

..........

147, 100
..........

156,100
155,800
155 400
156,400
157,700
155, 900
156,600
158,500
154,700
151,5.00
148,200
151, 100
152,900
152,600
156,600
148, 700
161, 100
145,500
147,000
143,300
142,900

151, 100
150,,300
153, 100
154,100
161,600
154,200
153,100
151 300
155,200
160, 600
162,800
161,000

Depths.

Meswn

fi eet.
........
................
........
........
........
................
........
........
........
........
........
........
........
........
..................
........

1-,................
................
................
........

73.7
73. 6
73. 3
73.8
74. 4
73. 6
73.8
74. 4
72. 6
71. 1
69.6
70. 8
71.6
71. 5
73. 4
69.7
70.8
68. 3
69.2
67.6
67.4

69. 5
69.2
70.5
70.9
69.7
71.0
70.5
69.6
71.4
69. 3
70.3
69. 4

Maxl-
IIlllln.

. _

tft.
........
........
................
........
........
........
........
........
................
........
........
........
........
........
........
........
........
........
................
........
........
........
........

105.3
105.8
107.2
106.7
111.8
110.9
111.2109.:4
116.6
109.7
106.2
107.1
109. 5
115.4
116.6
118.40
116. 5
119.0
118. 7
118.9
118 9

119.3
120. 2
120. 3
123. 8
125.0
119.8
128.1
121.4
119.0
118. 6
122.8
124.3

Width.

Feet.

2,108

2,117
2,117
2,121

2,119
2,122
2,123
2,130
2,130
2, 130
2,130,
.2,135
2,135
2,135
2,135~
2,135.
2,135
2,130
2,124
2,119
2,119

02,173
2, 173
2, 1732,173
2,173
2, 173
2,1732,173~2,173~
2, 174
2, 174
2,175

Mean
veloc-
ity per
second.

Feet.
4.79
4.71
4.66
4.73
4.88
4.80
4.74
4. 69
4.72
4.62
4.69
4.67
4.69
4.77
4. 69
4.61
4. 60
4.52
4.47
4.48
4. 46
4.54
4.41
4.45
4.37
4.39
4.37

9.36
9.46

9.21
9.66
8.83
8.94
8.83
8.70
9.74
9.46
8.93
9.63
9. 13
9.16
8.93
8.91
9.02
9.02
8.94
9.33
8.95
9.22
9.09

9.15
9.10
8.93
9.21
9.26
9.18
9.11
9.06
8.90
8.70
8.76
9.,02

Discharge
per second.

Cu. feel.
845,000
836,000
826,000
840, 000
879,000
915,000
901,000
889,000

--877,000
869,000
875,000
871,000
874,000
895,000
881,000
864,000
842,000
826, 000
809,000
803,000
793,000
795,000
771,000
763,000
764,000
754,000
741,000

1,376,000
1,392,000

1,437,000
1,506,000
1,372,000
,399,000

1, 393,000
1,365, 000
1, 525,000
1,499,000
1,382,000
1,459,000
1, 353, 000
1, 384,000
1, 365, 000
1,359, 000
1,413,000
1,341, 000
1,351, 000
1, 358,000
1,316,000
1,321,000
1,299,000

1,383,000
1,368, 000
1,367,000
1,419,000
1, 402,000
1, 416, 000
1, 395, 000
1,371,000
1,381,000
1,310,000
1,339,000
1,363,000

Method.

Double floats.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1.0.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.

Meter.
Do.

Do.
I)o.
Do.
1)o.
Do.
Do.
1)o.
Do.
1)o.
Do.
Do.
Do.
Do.
1)o.
I)o.
I)o.
Do.
Do.
1)o.
Do.
Do.

Do.
Do.
Do.
1)o.
1)o.
1)o.
Do.
1)o.
I)o.
Do.
1)o.
Do.

a 4.7 feet have been subtracted from gauge readings of 1858 as originally published lo reduce then to pres-
ent United States engineer gauge at Natchez, whose zero is 36.89 feet above the Cairo daturm plane.

b Observations by fourth district officer and reduction by Secretary M!sslsslppi Rivor (Contnission.
Tabulation of 1890, Report Chief of 3nglneers, 1891, p. 3538; of 1891, Chief of E}ngineers 1892, P). 3136; and
of 1893, Chief of Engineers, 1893, p. 3690.

a Reports on observations, Chief of Englneers, 1892, p. 3125, and 1893, p. 3679.
d Obsematlons unreliable,

698.1. 118.0..... . .. .....



WATERWAY, ST. LOUIS TO THE (GULF AND CAGO.

Results of discharge observations, Mississippi River-Continued.
NATCHEZ, MISS.-Continued.

Gauge
Date. read-

Ing.

1892. Fet.
June 2............ 47. 4

3............ 47.4
6............ 47.4
7............ 47.4
14............ 47. 6
15............. 47.7
16............ 47.7
17............ 47.8
18............ 47.9
19............ 48.0
20............ 48.0
21............. 48.1
22. 48.1
23 a

.......... 48.1
24 a

.......... 48. 1
25......... 48. 1
27......... 48.1
28......... 48.0
29......... 47. 9
30......... 47.7

Area of
cross

section.

Sq.ft.
154 000
168, 800
16:,40()
162,900
163,200
168,600
160, 600
156,800
165, 700
167,000
167,800
162,300
156,300
168, 400
159, 900
161, 900
165, 200
167,800
170,600
169, 300

Depths.

Mean.

Feet.
70. 8
72. 9
70. 6
70. 2
70. 3
72.8
73. 7
72. 0
71.6
72-1
72. 6
69. 9
71.7
72. 7
73. 4
74.3
76. 8
77.0
78.3
77. 7

Maxi-
mum.

Feet,
121.E0
128. 4

117.'6
121.3
123.6
124.0
121.6
120.9
122.3
123.1
120.2
122. 2
122. 5
122.3
123. 1
122.8
124.6
123. 6
122. i

.I Width.

Feet.
2'1762,1778
2, 177
2, 177
2, 178
2,178
2,178
2,178
2, 178
2,178
2, 178
2,179
2,179
2,179
2,179
2, 179
2,179
2, 179
2, 178
2,178

Mean
veloc-
ity per
second.

Feet.
8.99
8.83
9.18
;8.94
8. 68
8.46
8.48
8.49
8. 4
8.11
8.39
8.68
8.68
8.14
8.22
8.12
8.07
7.94
7.80
7.63

Discharge
per second.

u. feet, i

1,386,0
1,403,000
1,1f08,00
1,367,
1,315,000
1,341,00
1,362,0.
1,331,00
1, 309,000
1,273, 000
1, 324, 000
1,322 000
1,357,000
1, 289,000
1, 315, 000
1,314,000
1,333,000
1,332,000
1,330,000
1,274,000

a Observat.ons unreliable.

RED RIVER LANDING, LA.

Discharge per second.

River.

Fedt. Cu. f0et.
...... ,20h, 000

662 000
643, 000
605,000
667,000
490,000
488,000
522,000
640, 000
629,000

721, 000*
749,000
938,000

1,00,000`
1010,000
1,00,000
1,007, 000
1,074,000~
1,090,000,

1,188,'000
1,'167,000'
1,217,000
1,209,000
1,053,000
1,099,000

Bank.

Cu. ft.

a Delta Survey gauge read 46.3 feet. See Huumphreys & Abbot's Report on the Mississippi River,
1861 edition of 187B, p. 381 and 620.

b dbservations and reduction 1881-82 byv Secretary M. R. C. Section was about 200 feet below the
warehouse. Report on work, Report Chief of Engineers 18S4, p. 2636; tabulation, Ibid. p. 2642. All
puge readings at this station were taken on the United States engineer standard gauge whose zero is
23.35 feet above the Cairo datum plane. /
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Method.

Meter.
.: Do.

l)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.

Depths.

Mean. Maxi,

Mean
veloc-
ity
per
sec-
ond.

Total.

Cu. feet.

Date.

1851.
Mar. 31......

1881.b
Dcc. 14......

16......
17......
19......
22......
24......
27......
30......
31......

1882.
Jan. 3......

5......
19......
21......
23......
24......
26......
28......

Feb. 2......
4......
6......
7.......
8......
9....
10....

Gauge
read-
Ing.

Feet.
(a)

30.3
28. 8
27.8
26.0
83.6
23.0
24.6
28. 0
29.0

31.6
32. 7
36. 6
37. 6
37.9
38. 2
38.6
39.1
40.0
40. 6
40. 8
40. 9
41. 1
41.3
41.5

Area of
cross

section.

160, 000
147, 100
141, 800
133, 100
1?, 700
119,600
126,800
141, 800
146, 200

169,600
160,700
175,800
177 800
176,600
179,800
182, 700
188, 100;
191, 400f
196, 000
190, 800
195,600
193,000
196, 300
192,200

Width,

Fecd.

3, 747
3,736
3,728,
3,704,
3,601
3 681
3,697
3,734
3,731

3,749
3, 767?
3,763
y3, 762
3,735
3, 771

3,,767803,771

3, 7693774'
3,779
3,785
3,777
3, 781
3,777

40.0
39.4
38.0
935.9
33.5
32. 6
34.0
38.0
39.2

42. 6
42. 8
46. 8
`47. 38
'47.2
47.

48.6

.49.9
60. 8
061.7
60. 4
61.6
61.1
61.9
60. 9

68. 0
69. 2
66.0
67. 0
63.1
68. 0
65. 3
66.7
66.1

62.1
69.0
66.
66.0O
068. 0
686. 4

647.7~67.6'
:70'.0O
69. 0
70.0
69.0
68.0
69.0
69.0

4.42
4.37
4.27
4.26
3.96
4.08
4.15
4.51
4.30

4.62
4. 66
-6.45
5.791
6.72
6. 69
5. 61
6.71
6.69
6.'09
6.13
6.22
6.26
6.36
5.72

Method.

Double floats.

Do.
Do.
Do.
Do.
Do.
Do.

H1odl floats.
Double floats.

Do.
Do.
l)o.
1)o.
Do,
I)o.
Do.
Do.
1o.
Do.
Do.
Do.
Do. -

Meter.
Meter anid dou-

ble floats.

Sq: ft.
.

Feet. Feet.
... ... I......I......

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........

...........
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Result of diuharge observations, Mississippi River-Continuied.
RED RIVER LANDING, LA.-Continued.

Depths.
Area of
crossG^As~ L -{sULoLL. Mean.

Sq. ft. Feet.
194, 300 51. 4
196,400 1.8
197,100 52. 2
200,900 63.0
204,100 63. 9

207,200 64.7
209,800 65.4

209,900 065. 3
209,400 64.6
214,000 55.6
217,300 66.4
218,900- 56.0
219,200 56.2
228,400 68.4
229,,600 68. 7;
230,100 8. 8
230,200 68.8

231,000 69.2,
233,200 59. 7
233,300 59 8

233,600 69.6
237, 600 60.8s
237,800 60.7
234,100o 69.7
234, 600: 69.9
231,800 9.2
234,300 69.8

231,000 69.'0
234,500 69.8

237,500 60.9
237,400 80. 9
234,200 60.1
235,400 60.4,
236,200
2336,400 60. 49
233,700 69.9234,400 8. 1
233,400 59.9
236, 20600 60.8

237,100 81.2
237,200 61.2
240,200 62.0
22, 200 62.65
24,600 63. 31

243,300 82.8

244,800 83.'2-
247,100 3.8

247,300 63a9
248,400 64.2

27500 63.9

251,400 64.9
250, 200 64.6"
246,000 63.8
24 6,400

244,600 63.2
239,800 81.9

239,200 81.8
237,(600 ;61. 4
238,700 8.7

238,200 81,6

238,200 861. 5
237,400 61.3
236,500 62. 7
235,600 62.6
234,200 62.2
236, 00 62.8
2.35,800 62.8
235,600 62.6
236,600 2.9

Ig AL1
.mum.n

~Feet.
70.0
71.0
70. 5
71.4
71.8

73.:0
72. 5
73. 4
71. 6
72. 0
72. 0E
73. 5
74.
76. 6
76.0

75. 3
76.8\
77.2

77.-6
78.5
78.6
79.0
79.0
79.0-

790

770

78.0i
77. 6"
79,0
80. 5
80.2
80.0
80.65
78.0:77.0

77.0
78.0
78.6

79.6
78.7
79,6
80.079!.80
79.8
78.8

79.7

79.6
78.7
:79.-6
.78.0
79.4

79.3
78.7
79.0

79.0
.t79.0
77.0

78.0
78.0:
77.6
76.3
76.8

76.3

77.5

78.0

77.0

78.6

Width,

Feet.

3,783:
3,788
3, 780
3,785
3,786

3,789
3,791

3,793,:3,8313
3i 853,

3,909
.3,893,914-
33,914
3,

3,904
3,904

3'918
3,918

3,918
fi3,:918
3,918.

&3899:
3,8918
3,918;
3,899,
3899

3 899

3,899.3,899

3, 876
3899

3,8780
3,878

3,878

3'8763,0876t

3,871
3,871
3,871-
3

-! ..:13,871

3; 871

3,871

3,871
3, 774
3, 761
3, 71
3,763
3, 763
3,761
3,761

Mean
veloc-
ity
per
sec-
ond.

tFet.
6.61
6.92
6.90
6.88
5.76

6.86
6. 70
63.84
6. 77
6. 74
6. 69
6. 63;
5.69
`6.826.81
6.91
8.07
694

6.04
86.00
8.28
608

8. 17

6.220
:6.06.248

. ~43
6.72
2.46

6.94

806

5. 486l
5.20

8.33
8.34
6.661

6.64
6.20
6.6

6.086
5. 408

4.21
64.8
6B.31
4.97
5.16
5,01
5.06
6.12

Discharge per second.

River. I Bank.

.Cu.Jt.:
1,090,000
1,163,000
1, 12,000
1, 182,000
1,173,000
1,213,000
1,197,000
1,227,000'
1,207 000
1,228,000
1, 237, 000
1,232,000
1,247,000
i1,330
:1,335,000
1, 3601, 000
1,397,000;
1,371,000.
1408, 000b
1,407,000

1,-467,0001,444,000

1,468,-0
1451,

1408,000
1411,00

1,474,000
1,469, 000

:1,\459,0600
1,634,00

1,6539,000
:1,5605,000o

1523,000

27000'
6000

1,48000

1, 460,0(00
1,412,000
1,426,90W)
1502,000

1,622,000,
1,471,000
1,451,j00;0.
1, 361,0000
1,372,000
1,348,0001P
1,363,00

1, 364, 00(=°
01,362,000:

1,309, 0005
1,317,000

1,)317,000
1,316,000

1,265,000
1, 247,000

6000

1,208,001,R89,000
1,230, 000
1,6243, 000
1 202,000

1,145 000
1,251,000}
1,-l64,0100
1,219,000;
1,181,000

1,192,000
1,210,000

'Potal.
Method.

Cu.ft. cu.f.
..................DoUble floats.
....... ...... : .... Do.
........ ................

........ ........... Do...1)O.

........ ........... l)oible and

rod floats.

.lo.......... Dioule floats.

...... ........... Do.

l Do.Do.D)o.
.........

Do.

..................)oulIe floats.

D~~~1o......... ........... Do.....1)o......... ........... . ...'o.
.................. 1Io..E . X ~~~~~1)o.

........ ....D)O.

................ 1)o.

DtO.
Do.

.. .... .... 1....... I to.
i)o.

1 )o.

Do.

........

........ ........ )o.

.......... ........... + f)o.

....... ...... ..... ' 1)o.

........ ........... )o.
........ ........... Do.

........ ........... DsO.,,,,,., ... ........... 1 I)o.

..................

Io......... ..........,. } Io..)o......... ...........

......... , . 1)o.

.)o.
Do.

........ ...... .., 1 ~~~~~I)o......... .. . .. . .
I o,

1)o.

Do.
.......l...........o
........ ........... Do.
.................... f o.

Do.

., .... '....... Io

iDo................

f D~~~~io.

.., ............,

.. . ,... ........ .... D'.I e n o

.. ......... ......... Dowil fot......... ...... ! Dio.

........ .... .........Do.

... ,..... ...... ......Do

...... ......... l Do......... .. . . . . Do.

. . . .. .... ...... DO.

........ ....... Moern d~ou
.... ...... .. ..... Dfot.

........ ....... ... o.

....... ...... .. . 1 Dlo.
. ....... .... ' Do.

Date..

1882.
Feb. 11......

14......
15......
17......
18......

21......
22......
23.....
24......
27......
28......

Mar. 2......
3.....
7......
8......
9......
10......
11......
13......
14......
15......
16.
17......
18......
20......
23......
24......

27.
28......
29......
30.
31......

Apr. 3......
4......
6......
6......
7......
8......
10......
12......
13......
14......
15....
17....
18......
19......
20......
21......
22......
24......
25......
26......
27......
28......
29......

May 1......

2......
3......
4......
5......

lo......8......
10......
11......
12......
13....
16......

17.....
18.....

Gau4ge
reaed-
Ing.

Feet.
41.6
42.1
42.2
42.5
42.6

43. 2
43. 3
43. 4
43.6
44.1
44.3
44.8
45. 1
46.0
46. 2
46. 5
46.8
46.9
47.2
47.3
47.4
47.5
47.647.6
47.8
48.1
48.2
48.3
48.5
48.4
48.4
48.4
48.3
48.1
48.0
47.8
47.7
47.6
47.4
47.0
47.0
46.9
46.8
46.6
46.3
46.1
46.0
45.9
45.8
45.8
45.6
45.5
45.4
45.3
45.1
45.0
44.7

44.6
44.3
44.2
44.1
44.0
43.9
43.6
43.3
43.1
42.9
42.6
42.5
42.4
42.2



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

Results of discharge observations, Mississippi River-Con tintued.

RE[D RIVE1R LANDING, LA.-Coutfnued.

Gauge Area of
read- cross
Ing. Iection.

Feet.
42.1
41.9
41.9
41.8
41.6
41.5
41.4
41.4
41.3
41.4
41.4
41.4
41.4
.11.4
41.5
41.5
41.6
41.6
41.7
41.7
41.8
41.8
41.8
41.8
41.8
41.8
41.8
41.8
41.8
41.7
41.6
41.5
41.4
41.3
41.3
41.1
41.0
41.0
40.8
40.8
40.8
40.7
40.6
40.4
40.4
40.3
40.2
40.2
39.8
39. 5
39.3
38.7
38.3
37.9
36.7
35.9
34.0
32.8
30.8
28.8
27.6
27.3
26.6
26.2
25.9
25.2
24.0
23.4
22.7
22.1
21.3
20.8
19.6

Sq.ft.
23,6500
234, 200
233,000
232,200
231, 600
231,300
229,100
230,800
229,400
231, 400
232,200
23:1,800
2 :1,100
232, 200
{2:1S,500
2:13, 900
2,32,400
231, 500
2,33,800
235,600
236,3.00
235,800
234,000
233, 800
234,400
234,200
2,34, 000
2X1, 100
2:65, 200
236,400
23 I, 100
232,800
232,000
232. CiO
233,600
233,200
231,000
231,000
2:1:1,000
2.J3, 700
23.1,200
231,800
230,800
231,300
23i1 600-
231,000
2"31, 00o
228, t()O00
224,600
224, 200
221,000
219,000
216, 800
211, 700'
209,400
202,200
199,400
190, 60(Y
182, 600
178,600
177, 00
174, 100
172,400
173, 700
166,600:
162,700
169,6(0
155,200
156,000
151, 900
149,9000
146,800

Depths.

,fean xi

Feet.
62.6
62.3
62.0
61.7
61.6B0
61.5
61.0
61.4
61.0
61.6
61,8
62.2
:62. 0
61.7
62.0
62.1
W61.7
62.2
62.0
62.6

62.6
62. 1
61.9
62. 1
62.1
R1.9
62.0
62.3
62.3
62.0
61.6
61.4
61.6
61.8
d31.7
61.2
032.0

O1.7
601.9
'~32.0

61.1~61.4~

569.8
69.7

;68.3
57.7
56.4

5 0053.3
50 1. 0
48.9
48.0
47.7
46.7
46.3
46.7

43.9
43. 1
42.0
42.2
41.1
40.6
:39. 5

Feet.
77.0
76.7

75. 4
76.0
76.2
75.3
75.0
75.2
76.2
76.0
76.1
76.56
76.0
74.6
74.0
72.7
76.3
75.0
76.0
75.0575.5876.8
775.7
76.0.
76.0
74.0
73.3
73.0
73.4:
74. 2
76.0
75.0
74,0
73.2
73.0
73,0
73.0
74.6
74.2
.75.0
74.4
76. 0
74.0

74;,66
74.5
75. 0
74.0
72,2
072.4;
73.00
73. 0;
72.0
70.5
71.4
68 0
67.3
68.0
63.0
62.5
60.2
61.30
80. 6
9.0

56S.2:
66.0:
54.3
61.6
52.0
50.8
49.0

Width.'

:Fet.-
3,762
3,762
3, 762
3,761

3,769
3,7693,759

3,7589

3,R;769

3,7593,759g

3, 7693,7659

3, 76593,766

3,767
3,772
3, 768
'3,768
3, 769,3,1769
J74

3, 774
3,'7774

3, 774f

3, 778

3,77
3,778

3, 777
3,7767
3, 77
3,777
3, 777
3, 777
3,777
3,777
3,777
3, 7776
3,776
3,776
3, 776
3,775

3,76
3,7663,7653,765
3, i67

3,757
3, 767
3,766I

3,766

130 726

.3,751
3,7146
3,742
3, 740

3;722
3,724
3 ,726~
3,726
3,718
3,711t

3698
3,696
3,695
3,695
3,691

MAean
veloc-
ity
per
sec-
ond.

Feet.
5. 11
5.02
4.78
6.01t
4.95
4.94
4.98
5.00
4.9:4,922
4.90'
6.00
4.83
4.72
4.77
A4.79
4.81
4.77
4.74
4. 78
4. 72
04.80
4.90
4.72
4.67
4.77
4..80
4.68
4. 67
4.61
4.73
.4.68
4. 58
-4.,i57
4.567
4. 64
4.62
4.44
4.38
4.40
4.46
4.49
4.50
4.424.370
14.45
4.38
4.35
4.21
4.18
4.12

;f4.100

3.78
3.82
3.68
53.5
3. 47
3.1i9~3.07~
3.31623.'22
2.f95
2. 93~
2.92
2.98
2.83
2.89
2.90
2.79
2.74

Discharge per second.

River.

GU ft.
1,2040
1,176,000
1,114,000

1, 146,000
1,142,000
1,142,000
11, .6000
1,132,000
1,13,000
1, 138,000
1,1 8, 000
1 125,0,o
1,097,000
1,114,000
1,117,000
1, 107, 000
1, 126,000
1, 11,000
1,132,000
,1, 148,000
1, 1056 000
1,094,000
71,118,000

10(36t01,012 ,00,1,1096,000'.1,099,000!
1,082,000

0 )

oots,ob1,063,0

1,0O,000
1,0(12i,000.

1 33,4'%
1,003,10001
1,0680il00~
1i000 000
1,044 000
1, 039,00
1,042000

1 029 000

1,011,000
I, om., noo

91,0 000
9122,000

9100000
8902,00
8101 000

1,0906,00

7710 000

92.3, 000

691,000

890O, 000

8620,000

71,1 000

718,000

488 000
4760000
4750000
439,000
450,000
438,000
419,000
499,000

Bank. Total.

Cu.J. Cu-ft.

11

Date.

18.2.
May 19......

20......
22......
'23 ......
24......
25 ......
26.....
27......
29......
31......

June 1......
2......
3......
5.
6.
7......
8......
10......
12......
14......
15.

17.
19......
20......
21......
23.
24......
26 ......
28 ......
30......

Jhly 1......
3......
4......
5......
7......
8......
10......
12......
13......
14......
1 5......17......
19......
20......
21......
22......
24......
26......
28......
29......
:i1 ......Aug. 1......
2......
4......
6......
7......
8......
10......
12......
14......
15......
17..
18......
19......
21......
23....
24....
25......
26......
28......
29......
31......

Method.

Meter.
Do.

Double float.
Meter.

Do.
I)o.
Do.
Do.
1)o.
Ijo.
I)o.
1o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
r,O.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.Do.
Do.

DO.:Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.Do.Do.
Do.Do.Do.
Do.Do.
Do.
Do.
Do.DO.
1)o.
Do.

-- - --

............
...................

...........

...........

..........

..........

........ ...........

....... ...........

........ ...........

........ ...........

...........

........ ...........

........ .......

........ ....... ...

........ ...........

........ ...........

........ ...........

........ ...........

........ ...........

........ ...........

....... ...........

... .. . . . . . . . . . .. .. .

. .. . . . . . . . . . .. . . . . .



W'ATERWVAY, S'J'. LOUlJS TO TILE GULF' AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.
RED RIVER LANDING, LA.-Continued.

Gaglie Aroa of
read- cross
lng. section.

Fet.
18..4
17.2
16. 2
15. 6

15. 3
14.5
14. 2

14.0
14.0
14.0
13. 8
13. 7
13. 5
12. 7

12.8
13. 2
14.1
14. 4
13. 4
12. 9
12. 3
II. 7
1t.1
10.3
9.8

9.06
9. 4
9. 4
9.2
9.2
9. 4
9.6
9.9

10. 2
10. 4
10.6
10.5
10.4
9.9
9.8
9. 7
9. 7
9. 7
9. 7
9,.8

10. 3
10. 4
10. 7
11.8
12.2
12.6
12.9

46. 0
8f.2
9).5

10. 9
12. 7
13.6
14.6
16. 1
If1.8
I6. 7
1W. 4

10.0

15.
15.3
15,4
1F. 4

Sq.ft.
140,300
136,300

134,
129), 200
128,200
124.000
122,2(0
121,800
122,000
121,100
119,

120.300
114,900

114,300
117, 300
122,200
122,200
119,50
117, 60
115, 3400
112,500
109,80
107,900
105, 700
10o, 600
104,900
104,000

101,900
102,000
101,600
103, 600

110,700
102,800
101,800
104,300
103,100
103, 400
101,300
98,700
99,200
9,900
101,.800.
102,000
101,700
105,500
105,000
104,600
108,300
111,300
12,300

112,900

228,300
98,Om
108,5F00
110,800
123,700
125, 400
122,000

129,200
128,200
131,000

127,80
124,000
126,600
124,500
125,200

Depths.

Mean iMaxi"'nuni.

Feet.
38. 1

37. 1
36.6
35. 2

35. 0

33,9
t:33. 4:13.34t 33.3
3:1. 4
i33.1
32.1
33.0
32.8
31.5
31.6
32.2
33. 4
33. 4
32.7
32. 2
31.6
i30,. 9
30.92
29. 7
29.1
29. 4
28. 9
28. 6
28.0
28.1
27.9
28. 6

30.4
28.2
28. 0
28. 6
28. 3
28. 4
27. 8
27. 1
27. 3
27. 5
28.0
28.1
28. 0

29.' 0

28. 8
28. 7
29. 6

30.5
30.7
30.8

127. 8

I30.4
30. 9
34.:4
34. 8
34.1
35. 7

30. 2
36. 0
35. 3
34. 3
35.0
34.4
34.8

Feet.
47.5
46.8
40. 0
45.0
44. 6
43.5
43. 0
42. 6

42.7
43.0
42.6
41.9
42. 3

42. 0
42.0
42. 0
43. 0
43. 8
43. 8
42.0
42,'0
41.5
41.0
40..0
40 0
40 0
39 0

39.0

38.0
38. 0
39.5
39.8

42. 6
39. 4

40. 7
40. 2
40.3
40.0
.39. 8
38. 0

39.0
40.5
41.0
41.0
40, 6

40.0

41.5
41.2
42. 4
42.0
43.0

.0.

0

490

'51.I0
60. 4
51.6

540

51.0
51.0
60.0
52.2
60.0
49.0

Width.

Feet.
3,684
3,678
3, 676
3,0 8
3,G0

3, 657
3,057
3,657
3,0(57
3,6U53
3,649
3,651
3,646
3,045
3,646
3,658
3,60
3,651
3,0650
3,648
3,644
3,040
3,636
3,031
3,631
3 631
3,0G37
3 635
3,035
3,635
3,0 35
3,638
3,039
3, 642
3 641
3,640
3, 640
3,040
3, 6350
3,635

3,637
3,0645
3, 645}
3,650
3,653
3,653
3,658
3,661

3,504
3,50~8
3,582-
3,594

03,-609
3, 617
3,620
3,020
-3,0619
3, 617
3,614
3,614
3,0 14
3,615

Mean
veloc-
ity
per
sec-
ond.

Fee't.5
2.62
2.64
2.64
2.59
2.660
2. 46
2.54
2.53
2.45
2.60
2.46
2.46
2.60
2.4-
2.47
2.51:
2. 1
2.46
2.39
2.32
2.30
2.28
2.30
2.18
2.14
2.16
2.14
2.i23
2. 20
2.30
2,22
2.40
2. 37
2.44
2.47
2.44
2.:42
2.53
2.41q
2. 46
2.42-
2.42
2. 46
2.60
2.38
2.47
2.45
2.67
2.65
2.63
2.72
2.76

2.53
2. 48
2.63
-2. 750
2. 67
2.75
2. 95
3.008
3. 07
2.98
2.93
2.968
2.98
2.98
2.92

Discharge per second.

River.

Cu. ft.Ct. It
367,000
360,000
355,000
334,000
329,000
305,0'O
310, 000
308, 000
299,000
303,000
295,000
296,000
300,000
282,000(
285,00(0
296i,000
319, 000
300,000
288, 0)0
273,000
20, 000n
257,000
252,000
234,000
?270 000
230, 000
225) 000
232,000
224,0000
234,000
226,000
248,00
202, 000
251,000
252,000
25, 000
251,000
262,000
244,000
242,000
241,000
241,000
251,000
255,000
242, 000
261,000
257, 00-0
269,000
287,000
292,000
305,000

302,000

1,292,000
250 ,000
269,000
291,000
340,000
335, 000
339,000
382,0000
395 000

402,000.
388,000
374,000
367,000
377,000
368,000
366,000

Bank. |- Total.

. CU. ft. Cu.ft.
........ ...i

:31...,,, .....

..,.............

......!.....

........ ...'

........ ... ............,...........
..........'''1' .'

........ .. . .

...... ,.1. . .. ........ . ...........

........ ............... .............

........ .....

: . . . ... ... ..

...;..... .........

........ ...... ........

........ .. .......... .... .. ..

........ .. ..........

........ .. ..........

... ..... .. ..........

........ .. ..........

........ .. ..........

........ ... ..........

........ ...........
........ ......
........ ...&

........ ...-

........ .................... ....

........ .... .........

........ . ...........

........ .. ..........

........ . ...........

........ .. ..........

........ .. ..........

........ . ...........

........ .. ..........

........ .... .........

alqport on observations, and tabulatlon, Report Chief of Engineers 1887, pp. 2846 and 2852. 8ection
100 teet below that of 1881-82. This sectionwas used with only a small change until 18b2,lnclusive. Obser-
vat ions and reduction under secretary Mississippi River Commission. Observation March 21 by "Patrol"

party under secretary )Wlstppl River Commssion. Result In Report Chief of Engineers 1885, p. 2880
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Date.

1882.
Sept. 2......

4......
5......
7......
8......
11....
12......
13......
15......
16......
18......
19 ......
20......
23......
25......
26......
28 ......
30 ......

Oct. 3......
4......

7......
9......7.....
9......
10......
11......
13.....
14......

2n......17......
21......
23......
25......
26....
27....
28......
30......

Nov. 1......
3......
4....
6.
7....
8....
10......
11......
14......
15......
17......
1)0......
21 ......
22......
23......

1884.0
Mar. 21......
Oct. 6...

7......
8......

81......10......
11....
13....

18..176......is ......17....
18...
20......
21.....
22.....
24......

Method

Meter.
I)o.
Do.
Do.
Do.
Do.
)o.
I)o.
1)o.
I)o.
)o,
lo.
Do,
Do.
Do.
D)o.
1)o.
Do.
I)o.
1)o.
l)o.
?o.

1)o.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
DO.
Do.
Do.
1)o.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.
1)o.
1)o.
Do.
Do.
Do.
Do.
Do.

Do.
Do.
1)o.
Do.
Do.
Do.
Do.
1)o.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.



WATERNVAY, ST. ILOUIS TO rHE GULF AND CHICAGO.

Results of discharge observations, Mississippi River-Continued.

RE[D RIVER LANDING, LA.-Continued.

Gauge
rea(d-
lufg.

Feet.
15.4
15.2
14.i6
14.2
14.0
13.8
1.3.9
13.9
13.8
13.7
13s.4
13.1
12.8
12.4
12.0
11. 5
10.6
10.2
9.7
9. 3
9.0
8. 4
8.2
8f.0
7. 9
7.8
7.5
7.57.7
8. 1
9.6

1(. 0
10.0
9.8
9.4
8.7
8.0
8.8
10.0
13. 2
14. 4
15. 2
16.0
18. 4
19. 6

21.2
212.9
31. 4
32.8
34. 1
.3. 1
36. 6
37.2
38. 8
39. 1
39. 7
40. 2
40. 5
41. 5
41.7
41.8
41.9
42.1
42.1
42. 1
42..1
42.0
41.6
41.4
41.0
40. 6
39. 8

Area of
cross

section.

Sq. ft.
12(, 400
127, 0(X)
125,600
124, 100
128,200
126, 500
124,800
124, 800
121, 900
123,000
121, 100
118,800
117, 400
115, 400
113,A900
113, 300
110,900
108,300
107, 00
104,600
103,300
101,300
100, 400
99',000

100, 000
97, 600
98, 800
98, 6(0
98, 400

101,600
105,200
107,100
107,000
105, 700
103, 500
102, 400
100, 200
102,000
107, 200
118,100
122,000
125, 800
128, 300
130,700
141,200

145,900
153, 700
19, 700
202, 200
204, 400'
209, 700
217,100
218,200'
227,300
225,700
224,200'
22 700
228, 200
229,300
232,800f
228,700
230,600
228,600
232,500
236,700
232,200
2'2, 300
229, 900
235,300
229,000
229, 600
223, 600

Depths.

Mean MlaxiJflhI1fl.

Fe}'et.
35. 0

35, 2'
34.8
34. 4

35. 6

35. 1
34.
34. 6
33. 8
34.1
33. 6

33. 0
32. 7
32. 1
31. 8
31. 6

31.0

30. 3
30. 2
29. 3
29. 0

28. 4

28.227.827. 8.

28.1
27. 4
27. 8
27. 7
27. 7
28. 5

29.4
29. 9
29. 9

29. 6

28. 9

28.6'
28. 2
28. 6
29. 9
32.8
33. 8
34.8
35.4
37. 5
38. 7

39. 9

41.9
52. 4
53. 7

54. 2
55.6
57. 5
57. 7
60. 0
059. 60
69. 1
059. 8
60.1`
60.10

59.9

60. 8
61.9
80.8
80. 8
60. 2
61.7
60..2
60.4
59. 0

Feet.
52. 0
62. 2

.

50.5
52.1
51.2
.51.9
60. 9

49. 0

50.2
50. 2
48.1
48.0
47. 2
47. 1
47.5
46. 0
44.5
45. 0
44. 0
44. 2
43. 6

43.:0
42. 5
42. 5

40. 3
41.9
42. 0
42. 2
43. 0
-44. 0
45. 5
45.1
4. 2
45. 0
44. 5

44.0
44. 0
45. 5
47. 0
49. 5

48. 4
51. 2
52. 5
65. 0

67. 0

69.

73. 0

75.0
75. 1

77.0
77.0
81.0
80.0
79. 5

80. 5

82. 5
82.0
79. 0
79. 2;
87. 0
&. 5
85. 6
087.0
84. 5
84.6
92.0
89.0
87.0
88.0

Width.

Feet.
3, 615'

3,610<3,004o~
3,605
3,1604,
3,605
3,605'
33,605
3,6!V
3,600
3, 59(1
3,590
3,585
3,584
3,578
3,569
A3569
3,5t67
3,560
3, 563
3,560
3,5663,5593
3, 655
3,550
3,558
3, 670
3,574
3,.578
3,578
3, 678
3, 670
3, 574

3,658

3, 5439
3,5$76
3,605
3,61
3,617

3 7583

3,646

03,660
3,667
3, 758
3,761:
3,770
3,772
'3,778.3,1781
3, 791
3, 792
3, 793
3, 794
03,8150

3:8t73,817;
3, 821
3,8S21
3,822
3,822
3,822
3,818
3,816
3,804
3,8fX
3,792

Mear
veloc-
ity
per
see-
ond.

Feet..02.92
2.87
2. 78
2.84
2.80;
2. 70
2. 76
2. 76
2. 75
2.71
2.G66
2. 67
2.72
2.62
2'64
2.55
2.61
2.61
2.43
2.49
2.50
2.43
2.38
2.33
2. 25
2.35
2.40
2.38
2.36
2.50
02.44
2.46
2.42
2.47
2.48
2. 3-1
2.34
2.40
2.72
2.81
2. 76,
2. 88
2.73
3.08
3.18

3,32
3. 40

4.09
4. 07
4. 27

4.45

tz 64
4. 78
4. 86
4.95
4.88
4. 87
4.93
5. 08
'95
6. 04
4.95
4.90
4.87

4.73
4.56
4.59
4.38

Discharge per second.

River.

Cu. ft.
369,000
365,000
348,000
353, 000
359,000
353,000
.143, 000
344, 000
33;5, 000
333, 000
323,000
317,000
320,000
303, 000.
301,000
289, t000
289, 000
282,000
261,000
260, 000
259, 000o
247,000
239, 000t
2.30,000
225, 000

229,000
237,000
235,000
232,000
254, (10
257, 000X
264.000
259,000
262, 000
256, 000
239, 000
234, 000
251,000
291,000
332,000
336,000
362,000
350,000
421,000
49,000

484,000
522,000

...........
826, 000
832,000
896,000

...........

971,000

1,048000

1,073,000
1,101,000
1,130,090

120°,000
1,134,000
1, 127,000
1, 171, 000
1, 132,000
1, 171,00(
1, 173, 000l
1,137,000
1,130,000
....... .....

1, 113, 0(X):
1,043,000
1,053 000

979,000

Bank.

.____
Cu.Jt.

................
S................
........
........

-1
.... * . bl........

........

........

........

................

........

........

........

........

........

................

........

................

........

........

........

........

........

........

........

........

........

........

................

................

................

........

........

........

Total.

........................
*..........
...........

. ........-1-1....
... ... ..

.. .. ..

... ... ..

.. .. . ..

... .. ..

.*.........

.4.........
W..........
.@..........
.. .. .. .

...........

........... .j

.X.........
h...........

Method.

Meter.
Do.
Do.

Do.
Do.

lso.rDO.
I)o.

I)o.

Do.
Do.

D)o.
Do.

Do.
Do.
I)o.
Do.
Do.
Do.
Do.
I)o.
D)o.
Do.
Do.
Do.

Do.
Do.
I)o.
Do.
D)o.
Do.
Do.
I)o.Do.
Do.

Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do

Do.
Do.

Do.
Do.
Do.

Do.

Do.
Do.
Do.

Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Date.

313

0O1

No

Dee

Jan

Feb

18Si.
L. 2.5
28.

:31.

4.

7.
8.
10.
I.

14.

17.
18.
19.
20.
21.
24.
25..
26.
28...
29.

2.
3.
4......
6..
8.
9......
10......
1 2......
13......
16......
19'......
20 .....
22......
23 .....
24 .....
26 .....

31....

1885.
2......
3......
7......
8......
9......
10......
12......
13......
16......
17......
19......
21......
22......
26......
27......
29......
30......
2......
4......
5......
6......
7......
9......

10.....

12......
14 ..

l

-- -I

........ ...........

........ ...........

........ ...........

........ ...........

........ ...........

........ ...........

...........

...........

........ ...........

........ .......

. . . . . . . . . . . . . . . . . .

........ ....
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Results of discharge observations, Mississippi River-Continued.
RED RIVER LANDING, LA.-Continued.

Gaugereacd-
Ing.

39. 0
38. 6
37. 9
37. 7
37.!4
37.0
3/i. 9
36. 1
35. 5
:3 . I
33. 2
31. 5
30. 6
30.0
29. 0
28. 6
28. 9
29. 2
31. 5
32.0
32.4
3:3. 1
34. 0
34. 3
35.4

19. 5
19.4
19.2
18. 9
19. 9
22.3
23. 6
31.8
32.3
32. 6
32.8
33.2
33. 1
33. 0
3 3. 1
33. 3
33.5
33.4
32.8
31.6
29. 9
29.0
27.0
25.3
26. 6
31.2
31.8
32. 3
33.1
33.4
31.0
33.9
32. 6
31.5?
30.5
29.6
28. 3
28.0
29. 9
30.5
30.(6
30.4
29. 9

Area of
cross

section.

Sq.ft._
223, 000
220,500-:
212,300,
216 500
216,4002
212, 300'
212,500
209,800
207 300'
201,100
198,400
190,500
189,400
185,800
179,200
178,600
176i, 200
179,700
189,900
195 600
198,0000
200 300
202,300
2(3, 300
204,900

112,200
111,9001t1.3,
116,400
130,400
13:;6700
170,100
171, 60
172,400
176,100
175,000
178,900
173,300
170 600
175,200
177,800
176, 400
176,700
174, 700
16, 200
1i1,900
155, 100"
11j8,200
152,200;
170, 100,
173,700
176, 100
178, 900
181, 300
183,700
180,500
173,200~
172,400:
169,000
15, 300:
156, 600
154, 700
163,400
165,600
166,100
165,300
164, 600

Depths.

Mean MaxiMa.mum

Feel.

58:2

0 5602

56.9
55.0

53.4
52. 7
50.6
50.4
49.5
47.8
47.7
47. 1
48.0
;50.4
51.9
52. 5

53.1
53.6
53.8
54.2

29.7
29.6
30.1
30.3
30.8
34.4
36.0
44.2
44.5
44.6
45.5
45.1
46.2
44.7
44.0
45.2
45.8
45.6
45.7
45.3
43.3
42.2

40. 6
.38. 9

39.;8
044.2
45.0

46. 10
-46.8
~47,2
46.4
-4.80
44.8
44,0

40. 9

40.~5
42. 5

43.0

43. 2

42. 9
42.8

Feet.
86.
87.0

84.

86. 5

'84. 0
83.1
80. 9
81. 1
79.5
79,1
79.0
77. 0
75.0
-78. 0
77. 5
74. 1
76.`5
79. 0
79. 0
80. 5

82. 6
84.1
84. 5

50.A2
49.65
3.>0

52. 6

52. 4

58.,0
66f.8
68.1
66.8
70. 2
69.8
70.2
73!8
72.8
69. 6
70.4
70. 6
70.1:
69.8

66.;5

85.4-
64.063.1'
64.1
68. 6
69.8
70. 5
70. 7
71.8
72.4
72.A3
68.9
68. 3
68.6
368.3
65.6
63. 8
67.0
66.3
67.3
67. 3
67.7

Width.

Feel.

3,7'12
3,788
.3788
3,787

3,786

3,784
3,782
3,774
3,770
3,769
3,7670
3,763
3,759
3, 756
3,753
3,741

3, 743
3, 748
3,768
3, 771-
3,771
3,772
3,774
3,775
3,777

3,780

3, 780
3,776
3,770
3,780
3,790

3',795
3,857
3,865
3,870
3, 878
3, 876
3,874
3,875

3, 878

3,881
3,879

3, 865
3, 853

3'839
3,834
3,819
3,812
3,820
3,85

3,800:3,863
3,877
3,877
3,888,0
3,888

3, 862
3,851
3,839
3,838
3,827
3,824
3,842

3,848
3, 849
3,849
3,847

Mean
veloc-
ity
per
sec-
ond.

Feelt.
4'.2
4.37
-4.17
4.09
4.04
4,10
4.06
3.88
3.83
3.62
3.56
3.48
3.37
3.44:
3.44
3. s0~3.52
3.77
3.800
3.83
3.84
3.85
4.08
3.93

3.84
3.95'
3.79
3.85
3.71
94.1i5
4.38
4.69
4.76
4.7'7
4.6'G9

Q4,33
'4 31
04.30
4. 34;
4.23
4.02
3,94
3.80'

4.13
4.14
4. 25
4. 26'

04 i36
4.13
3.99
3.91
3.88
3.94
4.00
4.18
4.12
4.08
4.08
4.02

Discharge per second.

River.

ou.ft.--
943,000
964,000
886, 000
884, 000
871, 000
870, 000,\
863, 000

815, 000
793,000if
729, 00

705, 0004
663, 000
638, 000
638,000
617, 000
625, 000
621 000

6;23, 000
715,000
743 000
758,000
769,000
778,000
829,000
806,000

431, 000
442,000
431, (00
439,000
432,000
641,
599,000
797,000
817, 000'
823,000
~826,000,
762,000
809,000
779,000
739,000
756, 000
764, 0002
765,000
748, 000
702,000
655, 000

616,000
558,000

666, (
0:608,000
702,000
718, 000
748,1000
762,000
754,0600
79, 000
762,000o
715, 000
688,000
660,000
641,000
616,000
618,000
682,000
682,000
678, 000
675, 000
662,000

Bank. Total.

CU.ft. Cu.ft.

i.........
........
........
,........
.,.......
........

:. .. .,........
........
........

........

Method.

Meter.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
1)o.
Do.

Do.

Do.
Do.

1)o.
J)o.
Do.

1)o.
Do.

Do.
Do.

Do.

Do.

Do.
Do.

1)o.
Do.

Do.

Do.

Do

Do.

Do.

1)o.
1)o.
1)o.
Do.

1o.
)o.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
DO,
Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.

a Section same as in 1884-85. Report on observations and tabulation, Report Chief of Engineers, 1891,
p. 3516. Observations 1889 to 1893 taken under Mississippi River Commission fourth district officer.
Reductlon in secretary's office.

Date.

1885.
Feb. 16......

17......
19......
20......
21......
24......
25......
27......
28......

Mar. 2......
3......
5......
6......
7......
9.
11....
13......
14...
18.....
19......
20......
21...
23.....
24......
30......

1889.a
Jan. 10......

11......
12......
14......
16......
18......
19......
27.....
28......
29......
30......

Feb. 1......
2......
6......
7......
9......
13......
14......
16......
18......
20......
21......
23......
25......
28......

Mar. 4......
5......
6......
8......
9......
13......
14......
19......
21......
23......
25......
28......
30......

Apr. 3......
6......
6......
8......
10......

l



WA'nfljRWAY, ST. LOUIS TO THIE GULF AND) CHICAGO.

Results of discharge observations, Misiusippi River-Continued.
RED RIVER LANDING, LA.-Continued.

Discharge per second.

Bank. Total.

Cu.ft. C(u.Jf.

.... .............

........ ...........

. X

........ ... ..........

...................

........ ............

........ .... .........

........ ... ..........

........ ... ................ .. ..........

........ ...........................
........ .... ...

........ .... ! . .

....................

........ ... . .. .

........ .............
........ ... .........

i...................
-..............
...... !...........
...... ...........
, ........ ...........

4,000 1,121,000
4,000, 1,185,000
000 1 ,218,00013,000' 1,200,000

10,000 1 283 000^
10,000 1, 418 000
13,000 1,453,000
9,000 1 365,000
11,000 1,351,000
10,000 1,356,000
6,000 1,304,000

2, 000

2,0000
2, 000,

3, 000
3,000
3,
3,000
3,000

3 000
3,000

........

........

........

;1, 084 000
1,100,000
1102, 000

1,109,000
1,132,000
;1, 134,000
t1.139.000.
1,131,000
1,118,000
1, 125,(000
1,112,00

1, 100,000

...........

...........

...........

...........

,...........

a Section of 1890 same as in 18845. Tabulation in Report Chief of Engineers, 1891, p. 3539.

b Tabulation of 1891, Report Chief of Engineers, 1892, p. 3215. Report on work, Rleport Chief of En-

gineers, 1892, p. 3125. The discharge over bank is on line of discharge section and partly around the

end of an old levee on the right bank. The field notes of this overflow are very incomplete; hence these

results are not exact.
c8ection of 1892 approximately the same as in former years. Tabulation, Report Chief of Engineers,

1893, p. 3691. Report on work, Chief of Engineers, 1893, p. 3679.
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CGauge Area of
read- cross
Ing. section.

Depths.

Mean Maxt-
11num.

Date.

1889.
Apr. tl......

15......
17......
18....
20......
22......
24......
25......
27......

May 13......
15......
16......
18......
20......
22......
23......
25......
27......
29......

1890.a
Feb. 22......

23.......
2.1......
26......
27......
28 ......

Mar. 3......
18......
28......

Apr. 1......
8......
12......
16.
18.

May 1......
7......
10......
13......
15......
20......

1891.b
Mar. 10......

16.
18.
20......
91j......
27......

Apr. 2......
7......
10......
13....
16.
20......

Oct. 15.....
16......
17......

Nov. 21.....
22......

1892. c
Apr. 3....

7......
21......

Feet.
29.6
28.8
28.4
28.0
27.2
26. 3
25.4
25.1
24.8
19.2
17.6
17.0
16.4
15.9
1.5.2
14.8
14.0
13.7
13.8

41.8
41.8
41. 9
42.3
*12.3
42. 0
42. 0
44. 9
44.8
44.9
40.0
48..7
47.4
47.8
47.4
47.2
46.9
46.6
46. 5
46.0

43.2
44.5
44.8
45.0
45.0
45.0
45.2
45f.2
45.4
46.5
45.4
45.4
2.1
2.0
1.9
1.9
3.0

33.5
34.2
35.0
40.8

Mean
veloc-
ity
per
sec-
ond.

Feet.
04.10

3,9
23. 87i
3.:74
-3.;78
3.81(3.61l3.64
3.91
3.67
3.59
3.64
3.49
3.5f
3. 63
3.61

5. 25

5.16
5. 15
5.24
5 4.1856. 42
5.29
5. 2256.465
56.59
5.70
5.76
6.09
6.19
6.79
5.88
5.77
5.74

6.13
5.24
5.2356.23~
5. 29
5. 36'
6.325.3-1
5.14
5.125.08
4.93
2.91
2.74
2.72
2.63
2.78

4.42
4.62
4.70
5.20

Width.

Feet,
3, 846
3,58380
3,829
'3,826-
3,820
3,818
3,809
3,808
3,81003,76i8
3 764
3,757
3,764
3, 749
3,7403,736
3,730
3,728
3,728

3,915
3, 916
3,915
3, 9153,915,
3,920
3,920
3,935
3,989
3,989
3,990
4,024
4,025
4,025
4, 025
4,025
4,023
4,022
4,022
3,950

3, 991
3 ,993
3,993
3, 993
3,993
3,993
3,994
3,994
3,994
3, 995
3,996
3,995
3,446
3,446
3,446
3,442
3,445

3,934
3,934
3,937
3,9;6

Sq.ft.
162,600
169,300
157,800
156,200"
154,200
160,200
147,700
146, 600
146,500
124,600
118,900
117,200
113,600c
110,900
109, 700
106, 900
103,400
101,900
100,800

196, 300
19,000
195,100
108,6c00:
197,900
197,900
201, 500
209, 100
210,600
213,900
216,600
217, 400
218,900
221,000
231, 400
232, 500
234,200
228,100
233,300
226,200

210,800
09,800

210,100
211,700
213,500,
211,000
213,400
211,200
216,900
219,200
218,200
222,700
51,000
51,500
52, 400
53,800
55,100

166,200
168,700
171,200
192,600

'Feet.
42.3

41.5241.2
40.18

39. 3
38.8
:38. 5
38.5
33. 1731.6
31. 2
30. 3
29.6
29. 3
28.6
27.7
27. 3
27.0

50. 2
50.1
49.9
5d0. 7
60. 5
51.4
53. 1

52.8
63. 6
504.-3
54.0
64.4
5.4.9
57.6
57.8
58.2
56. 7
68.0
57.3

52.8
;52. 5

h2;
563.00
63. 6
~52.8
r53.4
52.

4. 9
64.6
55.7

15.7

15.8

15.2

15.6
16.0

42.3
42.9
43.5
48.6

Feet,
67. 7:
6G7. 5
65.9
65.7
65.6
63.7
63.9
81.6
62.5
66.3
56.0
65.7
564.0
63.3
52.1
51.0
49. 9
50.0
51.0

79.4

79.7
79.2

80. 2
80.0
81.6
80.8
81.7
83. 6
81. 9
82. 5
82.5
77.2
82.3
80.1
79.5
82.4
82.4

81.5
81.1,
82.7
82.8
79. 1
80.7
84. 2
79.9
82. 3
82. 1
82. 3
83.3
37.7
42.3
37.8
42.6
44.0

78.5
78.9
80.9
85.0

River.

Cu.f.,
666,000638,,090625,000610, 000

5497,000
5680,00
5352 0000553: 0006:
553,000
449,000
432,000
458,'000'
405,000'
398,000
388,000
374,000
363 000
360,000
364,000

1,031-A0001016,01026,00
1,024,000
1,023,;0001, 037' 000'

1,04j23,000

1,134,000

1,1439 OW,1, 211, 000
1,14170000
1,215,000

1, 247,000

.1,27,0
1,408 000
1,439,000
1,356,000
1,340,000
1,146,0001,298,000

1,082, 000

1,107,000
14,130001131,000
I1,36000
1,8 000
116,0001,1 02001,109,0

157, 000
149,000143,000O
141,000
153,000

779,000
805,000

1,0321,000

Method.

Meter.
1)o.
1)o.
)o.

D)o.
D)o.
l)o.
1)o.
1)o.1)o.1)0.
Do.

Do.
Dv.11)0DO.
71)0.Do.

Do.
I)o.1)o.
I)o.
1)o.
1)o.
1)o.
1)O.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do,
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
l)o.
Do.
Do.
Do.
Do.
Do.
Do.Do.

I)o.
I)o.
Do.
Do.
Do.

Do.
Do.
Do.Do.

I I

I
:...........

........ .... .....

........
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Reaults of diAcharge observation, Miswisippi River-Continued.

RED RIVER LANDING, LA.-Contlnued.

Depths.

Meanlmum.-

60.1
60. 7
61.7451.4
561. 6
061.7
52.1
52.4
62,;7
62.3962; 9

064.365.0
66.0
56.8
6(..8
67.2
56.8
568.6

49.4'
61.5
61.06
61,6
61.6

54. 7
64,78
56.6653
66.8

61.0
60.4
49.6
51.2
62.4
62. 4
53.2
54.9

65.7
66.8
57.3
67.6
58.B
66.6
66.5

Width

Feet Fet.
~87.5; 3981'
86,8 13,9812
86,2 4,040
87.0 4, 040
898.61 ,040

88 6 4,042

87.4 4,043

8,60 4,04
988. 4,0487.7 4,4

88,9~ 4,044
89.2 4',044
89.6 4,104690.0 4,04b
91.0 4,046
91.0 4,046

72.3'80.8
79.6

82.0

81t1
82.0
81.89

81.0;
083.56
:76.7
68.7
56.9
62.6

60.6
61.2:

h63.9:
66.0

03.9
66.5
66. 1
65.4
65. 4
64.4

4,038
4038

4038"

4,39
4044
4044
4,044
4,0o44

4,044
4,044'
4044'
4,038
4,585

4573,

4,680
4,580
4580

4,680
4,580
4,5804,580

4,680

4,580
4, 580

62.7 9.7 4,580
62.0 58.8 4,570

Mean
veloc-
Ity
per
sec-
ond.

6.4
06.41.5.42
6.44~
5. 43

64046.380
6.37
6.38-
6.,32
6.31
6 36i
6.45
6.576.64
6.17
6.78

6.32
5.27
5.20
.611
6.07
4.83ff4.90'6.074
6.06
;6, 19
6.33
5.08
6,14:
4.72,
4.60,
4.85

4.056

4.61

4.67
4.60
4. 42
4.80
,4.66

/4.67
4.23
4.20

Discharge per second.

River.

Cu'f1,
1,130,0000
1,132000
1,11i6,000

l-I ,l oo$i-1,137,0004
01, 140,000)
:1,149,000-
At1, 2135, 000~

1,251,0001,279,oo000
11304, 000
1,325, 0oo
1,321,000

:1,157r00
1,172,000

-1,09,0
1,074,000

1,208 000
1,2155,000
1,226,000
185,0000

1,124,00

1 213,1000s
146, 000

1,235,000
1 141,000
1,192,000
1,021,000
,997,000

Bank. Total.

cu.ft. Cu.ft.
t'........... ...........

XX*........ ...........

2,000 33
3000' 1,135,00
4,000 1,119,000

.6,000 1,142,000
6,000 1,146,000

6,00 1,156,,00007,00' 1,141,000
7,000' 1,69,000
7,000 1,177,000
7,000 1,188,000
810000 1,21,000
8,000 12.'60 ,000
9,000 1,288,000
8,000 1,312,000
9,000 1,334 000
10,000 1,3100

6,000 1,23065,000,

6,¢000 1,10,0005,00 1089000
6000 1,70,0

Z6 000 1,000,000
6000 1061,"000600 1,089,00

6,000: 1,10,000
6,000 1,-162,000
5,000 1',169;,000,'6,000 1,230,00
6,000 1,163,000
,6000 1,177,000
5,000 977,000

.
0 ..

..........

0.... ...........
hi...... ............................

....... .....t

........ . ...........

1,0001,o226,000
01,000061,'186 Q00
1,000 1,214,000
1,000 1, 147,000
1,000 1,236,000
1,000 1,141,000

.. . . . ...........

........ . ...........

........ ...........

* Report on observations of 1893, Report Chief of Engineers, 1894, p. 2837. Report ou work, Chief of
E engines, p.2823.

b Section at Torras Landing, one-half mile above Red River Landing.
e Surface floats reduced to mean of vertical.
d Floats at 0.8 depth reduced to mean of vertical.
* Floats at mld-depth reduced to mean of vertical.
I As observed at mid-depth.

Date.

1892.
May 4......

19......11......
19......
21......
23 ......

Jue 5.....27......
June 1......

3......
7......
9......
11.....
14.....
16......
20....
23....
25....
27....

1893.0
May 23......

24......
26......
29P......June 1......
3......
7......
9......
13......
17......
22......
24......
27......

July 10......
May 24b....

26 b ..
29b.....

June 3 b.....
7 b
9b.
13 b.....
17b.....

20 b.....
24b.....
26b.....
27 b.....
29b.....
29b.....

July I b....
1 b....
9 b....
1Ob.....

Gauge
read-
ing.

Feet.
43.8
44.1
44.8
45.4
45.4
45.4
45.6
45.6
46.0
46.1
46.5
46.7
47.0
47.4
47.7
48.2
48.6
48.7
48.8

44.2
44.3
44.4
44.5
44.5
44.6
45.0
45.2
45.7
46.5
47.4
47.8
47.7
43.1
44.3
44.4
44.5
44.6
45.0
45.2
45.8
46.5
47.1
47.7
47.7
47.7
47.6
47.6
47.2

.43.8

.43.0

Area of
cross

section.

Sqxft.
199,600
201,700
205 900'
207,600
208,400
208,800
210, 400
211,700
212,900
211,300,
214, 100
219,700,
222,400
226,500
229, 700
229,600
231,400
229,700
228,600

199,300
207,900
208, 200
208,200
208,200
218,600
221,200
221,800
228,800
224, 100
229, 6000
227,800
228,000
205,900
231,000
227, 600
234,200
240,200
240,000
243 800
251,600
252,600
256,000
260,000
262,300
263,400
259,300
259,300
269,000

241,400237,b00

Method.

Meter.
Do.
Do.
Do.
Do.
Do.Do.
Do.
Do.JDo.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.)0.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
Do.
Do.
I)o.

. )o.
l)o.
1)O.
Do.

Double floats.
Do.
Do.
Do.

Meter.
Do.

l
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Resultt of discharge observation., MiUsiUippi River-Continued.

RED RIVER LANDING, LA.-Continued.

[765 miles below Cairo.)

(Red River Landing gauge; elevating of zero 23.85 feet above Cairo datum.]

Date.

Nov. 12......

14......

16......

7......

18.

19.

20.

23......

26......

27......

1897.b
Apr. 21......

22......

24......

26....8 .

28......

30......

May 3......

5......

7......

10......

12......

14......
14......

1897.a
Dec. 13......

13......
14......

Galge
read-
ing.

Feet.
-0.41
0.43
-0.41
-O. 5
-0.40
-0.65
+0.10
+0.02

'to.: 2'±042
-0.0
-0.30
-0. 11
-0.28
+0.03
+0.23
+0.47

l+±0.31
{+0. 11
+0.09

I47.70
47.75
47.85
47.90
48.00
48.05
48. 40
48. 45

J48.632
48.71
J48.95
49.00

J49.222
49.30
49.52
49.58
149.75
49.78
49. 98
50.00
60.10
50.13
150.1860.'20

{5.30
5.30
.5. 30

J 5.00
5.00

Area of
cross

sect Ion.

Sq.ft.
; 43,100

43,400
43.800

43,700

44,600

43,700

43T200
43,500
45,800

44, 400

213,400

212, 100

220,400

223,800

223,800

227,700

232,300

1234,400

I236,200

237,700

I
60,900
60, 900
59, 400

Depths.

Mean.'Maxi-
. -mu.
Feet. Feet.
12.2 27.8

12.3 27.9

12.4 27.8

12.3 28.5

12.6 28.8

12.4 28.3

12.2 28.5

12.3 28.6

12.9 30.2

12.5 29.4

52. 5

52.2

5,A4. 2

55.1

55.1

56.0
57.1

57.6

58. 2

57.6

58.0

58.4
58.4

16.7
......
1fi.4

85.2

84.1

84. 4

85.5

84.6

85.1

84. 4

85.6
84. 5

84.8
85. 5

85. 4

41. 1

40.6

Width.

Feet.
3,527

3,527

3, 527

3,543

3,544

3,537

3,538

3,543

3,548

3,544

4,064

4,064

4,064

4,064

4,066

4,068

4,068

4,072

4,072

4,072

4,072

4,072
4,072

3,636
3,636
3,6.31

Mean
veloc-
ity
per
sec-
ond.

Feet.
2.46

2.47

2.39

2.16

2.39

2.22

2.47

2.72

2.48

2.63

5.72

5.79
5.58

5.64

5.54

5.52

5.45

5.32

5.11
5.26

5.39

&26
5.36

2.96
2.99
3.18

I Discharge per second.

River.

Cu.J{
106,000

107,000

105,000

94,000

107,000

97,000
108,000

118,000

114,030

117,000

1,221,000

1,229,000

1,230,000

1,261,000
1,241,000

1,257,000

1,267,000

1,248,000

1,210,000

1, 233,000
1,274,000

1,251,000
1, 275, 000

180,000
182,000
189,000

Bank.

Cu. ft.
........

c 6, 000

d6,000

7,000

10,0I0
10,000
11,000
13,000

14,000
13,000

16,000
15,000

15,000
t 15,000

Total.

Cu.ft.
...........

1,227,000

1,235,000
1,237,000

1,271,000
1,251,000
1,2607,000
1,280,000
1,262,000
1,224,003

1,249,000
1,289,000
1,268,000
1,290,000
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Method.

Meter.
Do.

Do.

Do.

Do.

)Do.

1)o.
1)o.
1)o.
Do.

Do.
Do.
1)o.
I)o.
1)o.
I)o.
Do.
1)o.
Do.
Do.
Do.
Do.

Double floats.

Meter.
Do.

. Double floats.

a Discharge section approximately 7b0 feet below warehouse at Red River landing and at sanme place as
section of l884,;18M, 18S8, IS9, and 1890. Gauge readings at beginning and end of observations. Price
meter used. Observations made under direction of.fourth district olicer, M. R. C. Report Chiet of Engi-
neers 1896 page3557.

b The dzsoharge sectionwas located ust below Red River Landing La., at tbe sme place a in former
years. tGate resdfo at 8 a. m. and 4 p- m. DoIlble floats were 1"ed the lower float being at middepth.
Th.Hskllouret etcr was uscd at six-tentlhs depth at each station for five minutes. Observations

and reduction made under direction of Capt. II. E. Waterman, Corps of Engineers, secretary Mississippi
River Commission. Report Chief of Enzineers 1897, page 3656.

c Assumed to be observed as on the following (lay.
d This discharge which was on the right hank, was thrtaugh open timber. with very little underbrush.

There was no discharge on left hank-, but the culaitry was covered with standilig water.
* United States engineer gauge at Red River Laniding, whose zero is 23.85 feet above the Cairo datum.

.
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Results of discharge observations, Mississippi River-Continued.
RED RIVER LANDING, LA.-Continued.

Date.

- 1897.
Dec. 14......

14......
14......
15. {
15......
15......
15......

1898.
Apr. 28....

28......

(lauge Area of
read-j cross
I-nv .sf~ti-s

Feet.
5.00
5. 00
5.00
4.70
4. 70
4.70
4.70
4.70

44. 30
14.30
44. 30

Sq.ft. :
60, 100
59, 300
5,9 ',00
59, 000
59, 500
59, 400
59,400

}192, 6OO
192, 600

Depths.

Mean Maxi-ea.mum.

Feet.
16.5
16.3
16. 4
16.3
16.4
16.4
......

47. 2
..... ..

FeBd.
39.9
40.4
40. 7
40.4
40.0
40.6

81.4
1-- -.

Width,

Feet.
3,630
3,629
3,629
3, 625
3,625
3, 627
3,627

Mean
velc-

per
sec-
ond.

Feet.
3.19
3.08
3.08
3.09
3.14
3.07
3.12

4,076 5.f63
4,076 5.89

Discharge per second.

River.

Cu. ft.
12, 000
183,000
183, 000
182,000
187, 000
18i2, OJ)
185, 0'O

Bank.

CILCft.
;........
1----..

Total.

eV. ft.
1- -- --..
1- --...
1-------- -

I.I
.... ... -*-...

* - - - * 1 *
.

1,084,00N ........

1,1 34,000 ...

The discharge section was Just below Red River Landing, at the same place as in former years.

(760 miles below Cairo.]
11904 velocities are means of simultaneous observations with Flaskell meter, wheel No. 1, and Price ineter
No. 34. Discharge section is the same as use(l In 1898, just below Ried River Landing. Overhbaik dis(
charge measured on right bank. Observations anl( reduct ion under direction of Capt. Win. 13. Ladue,
Corps of Engineers, secretary Mississippi River Commission. Reports Chief of Engineers, 1903, sup-
plemert, page 117, and 1905, page 120.]

1903.a
Apr. 8...... 49.98 230, 300 55.0 82.1 4,187 5.20 1, 197,000 9,000 1, 206i, OoOAMeter.d

10...... 49.98 220,200 52. 6 88.4 4,187 5.05 1,112,000 b 9,000 1, 122,000 Do.e'

1904.
Apr. 29...... 43.70 c203, 00 48.7 ... 4, 174 5.01 1,018,000 ................... Do.

30... 43. 70 203,300 48. 7 80.7 4,174 4.95 1,007,000 ................ Do.
May 1..... 43.f0 203,100 48. 7 81.0 4,174 4.94 1,04,000 ................. Do.

'Red River Lanndlng United States engineer gauge, whose zero Is 3.57 feet above mean Gulf level.
b l)educed from observations of April 8.
c Used area of April 30.
d lHaskell meter, wheel No. +.
e Some velocities measured with HIaskell mneter, others with Price meter No. 40.

1765.3 miles below Cairo.]

Gauges. Cross section of discharge.

Area. Depth.
Date. Stand- Change ____|____ _ ...________

ard Local. In 24
gauge. hours. Water. Below Mean. IMean Maxi- Width.110"s'Wter. datum. idatum., mium.WI(th

*____ _ I-_ __ _ ____ ._ _ __

1906.a Feet. Feet. Feet. Sq. ft. $q. ft. Feet. Fet. Feet. Feet.
Apr. 25.44. 00 ........ +0.20 200,887 203,716 46. '47.5 SO. 0 4,286

26..........44. 12 .....+ .16 b200,912.w~~~~~~~~~~~~~t~~~~~~ii 4. l........+.16..°S~,92....i............ .................

27.44.30 ........ + .81 212,937 214,480 49.7 50.0 83.0 4,286
28.44.40 ........ 1.13 219,532 220,646 61.2 .i 5 87.0 4,280i
30............. 44.6 6.. - .09 218,015 218,015 50.9 .SO. 9 83.0 4,286

a Zero of U. S. Engineer standard-gauge Is 3.57 feet above mean Gulf level. The (latum line for com-
puting datum areas ls at 44.66 feet on this gauge. The discharge section Is the. same as that used in 1'904
and is just below Red River Landing. Velocities were measured wltb Price meter No. 43 on April 25 anrd
26 and with Price meter No. :*i on April 8 and 30,

* Interpolated.
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Method.

Dou ble floats
IAeter

L)o.
Do.
Do.
Do.

Double floats.

Meter.
Double floats.

-6.It;
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Results of discharge observations, Mississippi River--Contin ed.

REI) RIVER LANDING, LA.-Contintled.

Date. Scour or
till.

1906. Sq.!ft.
Apr.25........ w2. ..........
27. 4- 10,764
28.4- 6, 166
30 .._...._.. - 2, 3 I

Date.

1907A
Feb. 13, p. m...........

15.................
18.................

Mean
velocity

per
second.

Faet.
4.88
4.74
5.16
5.0S
4.94

Gauges.

Stand-
ard

gauge.

Feet.
46. 75
46.93

46. 92

I)ate.

Local.

Feet.
........

........_I........
Scour
or fill.

Change
in 24
hon rs.

Feet.

4-0. 1
+ .1

.0

Mean
velocity

)er
second.

Discharge
per second.

Cu. ft.
980, lf'O
080, 772

1, 08,80 1

1, 1I 5,637
1, 076, 377

Method.

Meter .........
...........

I)oulde floats .

Meter.........
...(10.

19

>- tn

S>

19
19

19
19

59
U)

f9

g i.
r5O

Direction awl
force of winil.

II. Strong.
1. LIght.
VI. liht.

V11. light.

Cross section of disqharge.

Area.

Water.

Sq. ft.
23,0,907
232,441
232, 441

Discharge
per second,

Below
datum.

Sq.ft.
231,696
232, 441

..........

Mean.

Feet.
52.6
53.0

Method.

I)epth.

)Meaul Nfaxl- Vidth.

datm.i .u._

Feet. Feet. IFet.
52.8 92.04.3nS(,
53.0 935 4.3tS

........... ........ 4.386
___ +~~~~~~~~~~~~~~~~~

_~a
c;ZO

a
U,
0

Direction and
force of wlni.d.

1907.a Sq.ft. Feet. Ctl. ft.
Feb. 13, ). in......,........... 5.50 1,275,015 Meter......... 11 63 V"III. Brisk.

15 ...................... + 745 5. 10 1, 186,396 ..... (10. . 16.1t 81 (alin.
18................. 5.56 1,291,448 Doublefloats., 16 .... Vill. Brisk.

a Observations and reductions mde under directionn of Capt. G. It. Lukesh, Corps of Engineers, U. S.
Army, secretary Mssissilppi lIver (Commislon. Ue(d River Ianding, U. S. I-,. gauge: Zero is e.57 feet
above mean Gtull level. 'T'he datium line for computing (laturm areas was taken at -10.93 feet on time :':utmve.
Price meter No. 29 wvas used. 'The discharge sectiomi used is the same as that used in 1901 and Is just bllow
Red River Landing.

APPENDlX No. 20.

PRESENT AND PROSPECTIVE COMMERCE OF THE MISSISSIPPI RIVER FROM ST. LOUIS TO
THE GULF OF MEXICO.

[Compiled under direction of the Board on Examination and Survey of Mississippi
River.]

The Mississippi River, including its tributaries drains about half the United States,
and it has a total of about 16,000 miles of river (Census Bulreau report) susceptible of

navigation. As every one knows, it is not maly years since this river was noted for
its large, steamboat commerce, very large in proportion to the commerce of the entire
country; and it, in fact, was the great highway for not only freights but passerugers
passing into and through the Middle XVest. For many years, however, its water com-u

merce has been steadily diminishing, while the inland water commerce of thie entire
country has been as rapidly increasing, so that to-day its water supremacy is gone;
and such condition of affairs is well known not only to the AMississippi Valley but to
the United States public in general, who are won(lering why the river is not more
utilized and how it can be made more useful. But it is also well known to the enigYi-
neering public of the country that the present river conditions of the Maisissippi
Valley are many times better than in the days of its greatest commerce; the river from
St. Paul to deep water above New Orleans having now a navigable depth nearly twice
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320 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

as great everywhere as in former days, and its obstruction by snags and wrecks
being at present so slight as to be rarely mentioned, The marked diminution of
commerce, under such circumstances, can not be due to questions of navigation and
river engineering, and must be due to other conditions, such as those of demand and
supply, water and rail competition, and of business management in general.

This situation on the Mississippi River (and its tributaries) is not the only similar
case in the United States. Even Chicago, Ill., in spite of its size, its increasing popu-
lation and factories, its direct frontage on deep water of the Great Lakes, and its excel-
lent inner harbor (Chicago River) of the olden type, has recently found itself in the
same predicament and hasgbeen obliged to make special search for the reasons thereof.

Prior to the date when the present Board was ordered by Congress, there was avail-
able to the general United States public but little printed matter touching upon such
subjects and' few people outside of the large rai d organizations knew much of
the fundamental rules governing the development of transportation, nor much of the
actual conditions of transportation matters, either abroad or at home. In 1905, how-
ever, the Interstate Commerce Comlimission published its report upon the statistics
of railways in the United States for the year 1904, giving in great detail a full descri)-
tion of the United States railway plant, mileage, cost of construction, cost of operation,
revenue, rates, etc., which is a most valuable mine of information on transportation
matters. This report was too extend(led in scope to be repeated yearly; and it is still,
and must for several years be, the standard of information in such matters, subject to
minor changes from year to year as described in later annual reports of the same
commission.
By the act of Congress of February 21, 1891, agents of all vessels navigating water-

ways under federal improvement are required to furnish statements of their vessel
cargoes to the United States engineer officer in local charge of such improvements.
Copies or summaries of these reports are then furnished by the engineer officers to the
Bureau of Statistics, I)epartment of Commerce and Labor, who receive in similar
fashion from the collectors of customs and other port officers much other traffic informa-
tion, publishing the resultss monthly and annually under the title of "Summary of
Commerce and Finance" with a subtitle of "Summary of Internal Commerce of the
United States.", In 1908 the Department of Commerce and Labor, through its Celnslus
Bureau, published a valuable compilation of stch reports in a volume entitled "Trans-
portation by Water, 1906," giving for the entire United States (with a separate chapter
for the Mississippi River Valley) much the samjLfull information for water transporta-
tion as had been given for rail transporation for 1904 by the interstate Comnierce Corn-
mission, hut adding valuable comparisons with previous similar conditions of 1889.

In 1908 also appeared in print the 1906-7 report of the Ohio River board of 1905-6
(H. Doc. No. 492, 60th Cong., 1stsess.) upon the further improvement of the Ohio River
fom Pittsburg, Pa., to Cairo, Ill., with a view to giving to it a 9-foot depth throughout
the entire year by the aid of locks and dams; the report being favorable to such
improvement, and containing a large amount of valuable information as to freight
movements by boat and by rail, including costs and freight rates.

In 1907, Chicago, Ill., began to realize that some radical action was necessary to stop
its decadence as a commercial port and to build lip its commerce anew; and its mayor
appointed a special harbor commission to visit other large ports of the United States
and of Europe and to examine into the reasons for the waning commerce and to recom-
mend action to restore it. This commission was one of business men intereste(l in the
future welfare of the city, and their report, rendered in March, 1909, contained sub-
reports (made and printed in 1908) by Prof. J. P. Goode, of the Chicago University,
upon "Modern Development of Commercial Ports;" of Mr. G. C. Sikes (who had had
prior experience on street railway commissions and local transportation committees)
upon "Obstacles to Chicago's Water Shipping Development; " and of Mr. G. C. Tunell
(formerly with United States Treasury Department, and experienced in Lake traffic
and railroad traffic research) upon the "Volume and Trend of Traffic to and from the
-Central West." These reports outline the results of experience at the foreign ports of
London, Liverpool, Manchester, Glasgow, Newcastle, Southampton, and Cardiff in
Great Britain, and Havre, Antwerp Rotterdam, and Hamburg in continental Europe,
and upon the continental rivers Elbe, Weser, Scheldt, Meuse, and Rhine.

In 1908 the president of the harbor commission of the city of Montreal, Canada, and
the chief engineer, St. Lawrence River Ship Canal, realizing that "upon the develop-
ment and efficiency of its transporation would depend the future prestige of Canadian
commerce and the integrity of the nation," submitted to the minister of marine and
fisheries, Dominion of Canada, a special report (No. 21C, 1908; Supplement to Fortieth
Annual Report, Marine and Fisheries) upon modern British and continental ports with
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a view to the,develop)ment of the port of Montreal anid Caniadian transportation, con-
taining results of experience at the foreign 1)orts of London, Liverpool, Manchester,
Glasgow, :Newcastle, Bristol, and Cardiff in Great Britain, and ofIIavre, Marseilles,
Aintwverp, and Hamiburg on the Continienlt. In their study of this subject, the Canadian
officials were assisted by Mr. R. C. H. Davison, British civil engineer, whose specialty
is the development of ports.

In January, 1908, the American Academy of Political and Social Science published,
as volume 31 of its Annals, a special collection of monographs entitled "American
Waterways," which take up the water transportation of the whole United States by
sections, and treat the subject from the point of view of political economists as well as
of that of commercial anid business men
To anyone specially interested in the Mississippi River itself, there is, outside of the

'NIississiJpi River Commission annual reports (see Annual Reports of Secretary of 'ar
and Chief of Engineers, U. S. Army) and other government documents, one book of
statistical and general information deserving special mention, viz, the collection of
essays entitled' Riparian Lands of the Mississippi River, Past-Present-Prospective,"
edited an(l published in 1901 by Frank 11. Tompkins, of New Orleans, La. (1 vol.,
4to, 640 pp.), containing much back history of the Mississippi River Valley and water-
ways and much detail as to past methods and future possibilities, the articles having
been prepared by Members of Congress, army engineers, civil engineers, steamboatofficials, manufacturers, merchants, newspaper editors, and other civilians of all pro-
feesions and interests.

All the above reports are full of valuable information which should be carefully
studied in full by all persons specially interested in transportation, development in
the United States. These reports are partially quoted or referred to in the exhibits
and remarks that follow herewith; but the careful student shoukl familiarize himself
with the originals.
There are also two other publications of conference and reports not made public

during the meetings of the present Board, which when printed and distributed in 1909
will also contain valuable information upon the question of water and. rail commerce
and rates and should be looked up. These are the Report of the Proceedings of the
Conference of governorss at \Washington, ). C., May 13-15, 1908 (especially the paper
by Prof. Emnory It. Johnson up1)onl navigation resources), anid the 'i Preliminary Report
o? the Inlanld Wk'aterways Commission, February 3, 1908," to al)pe'ar as S. Doe. 325,
60th C'on)g., ]st sess. (especially tile l)al)ers on " Navigable Streams of the Unite(l
States,'' Commerce of Interior Rivers, Rclation of Water an(l Railroad Rates, Wat er
an(d Rail Traflic and Materials Available for Transportation by Inland W\aterways).
There are six different points of inquiry to be specially investigated in any serious

examination of the present and prospective commerce of anyt waterway, viz, (a) the
extent of population an(l of manulfacturinig, 'agricultural, and other business interests
which call for water transportation; (b) the waterway itself, with its navigable chan-
nels, and especially their condition anid capacity; (c) the boats, including their equip-
ment and service; (d) the amount and character of the freights either actually carried
or demanding carriage; (e) the ports or other terminal points of load and discharge,
including their harbors, piers, wharves, slips, docks, unloading and loading machinery,
and other- transfer facilities; and (f) the rail and water competition and their relative
capacities, facilities, service, and freight rates. These will be taken up briefly in the
above order.
Population and business interests.--The Mississippi River Valley for miles back on

each Hide of the river between St. Louis and the Gulf is mainly an alluvial valley,
richly endowed by nature, and susceptible of Mpid, extensive, and valuable future
develol)nent, which is at present delayed mainly by lack of population and funds.-
Exhibits], 2, and 3 apply to the entire valley anid kxlibiLs 4 and 5 to St. Louis.

H. Doe. 150, 61--1-21 *
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EximimI No. 1.-Area and population adjoining Mississippi River, St. Louis to Meu
Orleans.

West bank.

Area in Populnition
sqmiire 1'90()
miles. celIstis).

Miissouirl.

644 625, 278

687 25, 712

493 10,359

46S 15, 134

570 24,315

416 13,092

417

651

11,K.,

11,280

509 1 12,115

Arkansas.

842 1i,384

623

595
710

14,529

19,409
26,561

725 1 11,511

616 1 14,528

Louisiaa

395 11, 33

666 12,322

665 19,070

707 13,5;59

Counties and cities.

St. Louis (including St. Louis city, 575,238).
St. Clair (including East St. Louis, 2,5)................
Jefferson.
Monroe ............................. ....
Ste. Genevieve (including Ste. Genevieve, 1, 707).
lRan(lolp)h (including Chester, 2,832) .......................
IPerry.
Jackson........................................
Cape Girardeau (including Cape Girardeau, 4,S15).
Union (Iiciluding Jonesboro, 1,130) ........................
Scott.
Alexander (including Cairo, 12,Y'jU)......................

M~allardl ...................................................Carislisipi
(also..................................................

Ilickialln (including ColninihIms, 1,235)...................
FulltOnI (inldinllg. HIickmanll, 1 .S)........................
Now Madrid (including New Madrid, 1,489).

Lanke......................................................
P'eumiscot (including ('nruthersville, 2,315).
Dy)er......................................................

mississiplpi.Lauderdale...............................................
Tipton....................................................
Shelby (including Memphis, 102,320).....................

Crittenden.
D)e Soto...................................................
'rJunicea....................................................
Lee.
Phillips (including Helena, 5,550).
Coahoina......:
Bolivar ...................................................
Deslha (including Arkansas City, 1,091).
Washington (including Greenville, 7,6(12) ..................
Chicot.

Issaquena ................................................
East Carroll (including al,a l'rovllnence, 1,25i).Warren (Including Vieksburg, 11,83-1)....................
Madison.
Clalrborme...............................................
T'ewmsas.
Jelferson........
Concordia (including Vidalln, 1,022).
Adaims (including Natcliez, 12,210).......................
Wilkinson ................................................

East, bank.

1'ol ilat ion Area in
(1900 s9 tiaro

censuls). miles.

Illinois.

80,685 6iS0
13,847 38.5

2S. 001 580

3.3,871 55S

22,610 40()

19,384 20

Kentucky.

10, 761 237
10, 195 IXX
II1,74i5 225)
11ll,.516 178

Tennessee.

7,368 128

23,776 500

21,971 460
29,273 430
153,557 769

Mississippi.

24,751
16, 479

20,9293
35, 427

49,216

10,400

40, 912

20, 787

21,292
30, 111
21,453

551
44i9

592
913

925

473

601

505

519

428
U64

- --

9.869604064

Table: Exhibit No. 1.--Area and population adjoining Mississippi River, St. Louis to New Orleans
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ExriBrr No. 1.-Area and population adjoining Mississippi River, St. Louis to New
(rf'an.-('Cont inIled.

West bank.

Area in Population
square (1900
miles. census).

Louis lana.

576

286
643

300
413

25, 777

10, 285
27, 006

9, 072
15, 321

13,520 995,829)

Counties and cities.

Pointe Colipee.
West Fellelana includingg St. Francisville, 1,0.59)..........
East B3aton Rouge (Including 13aton Rouge, 11.269)..
West a3aton Rouge.
fberville (including Plaqueilno, 3, )0; Whliilevaestle, I ,x50).
Ascension (Including D)onaldIsonville, 4,103) ...............
St. Jamlies ...............................................St. John the 3aptist ....................................
St. Charles.
Jetlerson (including (Gretia, 3,332).
Orleans (including New Orleanis, 287,11)1.................
St. Bernard..............................................
Plaquoeniies ..............................................

'Toll ...............................................

East bank.

Population Area In
(1900 square

census). niles.

Lot l sianla.

15,994
31, 1.53

2.1, 1.12
20, 197
12,330

2S7, 104

13, 039

1, 050, 1-01

386
451

310
280
209

197
721
978

16.100

Grand total, 2,046,520 populatIon; 29,620 square miles area.
Over two-thirds of the total area Is fine alluivium ground capable of hilgh cultivation when dIrained, pro-

tecte(d from floods, and well populated.
The population is about 76 per square mile, including cities. aind al)out 3S per square 1ille outside of cities
Areas in square miles taken froin Rand-le.MNully & ('o. inaps.

EXHIBIT No. 2.-Cities and towns of over 1,000 inhabitants in 1900 located on the
Mississizppi River, between St. Louis aid Nlew Orleans.

I l'roni Uniltel Stnt.ps (Consiis lUpport, 1900.1

Name.

St. Louis, Mo ........................
East St. Louis, III......................
Cape Girardeau, Mo....................
Cairo, III....................... .
Columbus, Ky.........................
illekman,, Ky..........................
Now Madrid, Mo...........

Cartithersvillo, Mo......................
Memphis, Tenn........................
Helena, Ark....... : .... ..

Arkansas City, Ark....................
Greenville, Miss.......................
Lake Providence, La..................

Plopulatlon. Name. |Population.

575, 238 Vicksburg, Miss....................... 14, 834
29,655 VIdalia, 'aa............................ 1,022
4,815 Nat'lIez MSiss ........................ 12,21012,566 St. Franels-ile,IL....I 1J059
1,235 Baton Rouge, La ............ 11,269
1,.589 PIlaquCiIne, La............ 3,590
1,489 Wh'lltecastle. La...... ............. 1 850
2, 315 I)onaldsonvillo, La................. 4,105

102,320 Gretna, La !. 3,332
5,550 New Orleans, La .. 287, 104
1, 091 ____._
7,642-1) '1'Otal .. 1.,t0S7, 136
1,236'.'

9.869604064

Table: Exhibit No. 2.--Cities and towns of over 1,000 inhabitants in 1900 located on the Mississippi River, between St. Louis and New Orleans
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E'xiIrI'i' No. 3.---Are'aS, po)ulatiofl, and ralia!,y mileage of lower Mississippi Valley,
1900 or 1909, as (oiparedl with entire United 8Ies a(I Ero)pe.

B1Stased utpolm figures of WorldlAlianac, 1909; Aminerican Almanaic, 1903; and foreign reports.]

Population. Railway mileage.

States adjoining lower Milssissippi. Area. Per Per 1,000 Per 100
Total. square Total. popu- square

mile. lation. miles.

1900. Sq. miles. Miles. Miles. Miles.
li i nols ................................ 56,660 4,821,550 80 12,206 2. 5 22

Missouri............................... 69,415 3,100,665 45 8,102 2. 6 12
Kentucky ................. 40,400 2,147,174 53 3,484 1. 6 9
Tennessee............................ 42,050 2,020,610 48 3,761 1. 9 9
Arkansas.............................. 53,850 1,311,564 24 4,883 3.7 9
Mississippi .. 46,810 1,551,270 33 4, 169 2. 7 9
Loulslana ..1...............8,720 1,381,625 28 4,738 3. 4 10

Total ............................ 357,895 16,340,464 46 41,343 2. 5 12

Entire United States (1909)...........3, 602,990 |87,971,000 26 227,671 2. 6

1909.
Austria .. 261,035 46,973,359 180 22,800 0. 5 8
Beli.............................. 11,373 7,074,910 620 5,000 0.7 11
France ..207,054 38,961,945 190 26,500 0.7 13
Germany. .... 208,830 60,641,278 290 34,400 0. 6 16
Holland .. 12,648 5,591,701 440 1,700 0. 3 13

Entire Eurolpe ............-.... -3,555,000 |380,200P000| 107 b 175,000 0.5 5

a In I 890. b ID 1909.

rlThe above tables of area, population, and railroad mileage of counties and States
along the Mlissishippi River between St. Louis and the Gulf and of the busy countries
of Europe (Exhibits 1, 2, and 3) bring out forcibly the difference between this part
of the world and Europe.

It will be seen from these tables that the United States is very much better off than
Europe in the amount of land and length of railroads per head of population. Other
sources of information give approximate estimates for 1900 of about 4,000 miles of
waterways in Austria, 1,400 in Belgium, 7,500 in Francce, and 8,000 in Germany.
This information, all taken together, indicates approximately 5 miles of railway,
three-fourths of a mile of waterway, and 11,000 population per 100 square miles of
country ilnEurope, against 6 miles of railway, two-thirds of a mile of waterway,
and 2,600 population per 100 square miles in the entire United States. They also
indicate that the 7 States adjoining the lower Mississippi River have about one
twenty-fourth the popIlation, one-tenth the area, four-tenths the density of popu-
lation, one-fourth the total railway mileage of entire Euro )e, giving to the lower
Mississippi River States about 5 times as many miles of railroad per head of popu-
lation, and about 2t times as many per square mile of land as has Europe; and that
these 7 lower Mississippi River States together have about one-fourth tile total popu-
lation, seven-fourths the area, one-seventh the density, and eight-sevenths the total
railway mileage of Germany alone. This also gives to the above-named 7 Missis-
sippi Valley States about 4 times as many miles length of railway per head of popula-
tion as Germany, although only two-thirds as many per square mile, and about 7
times as many miles length of navigated waterways per head of population as Ger-
many, although only about the same number of miles length per square mile.
France and Austria are about 8 times as densely populated as Arkansas, and Bel-

gium about 7 times as densely populated as Illinois.
Although the large cities and towns of the Mississippi Valley are few, they are

doing finely in view of their limited population. St. Louis is the fourth and New
Orleans the twelfth city in the United States in order of side; and they are first and
fourth in rank in the Central West between the Alleghany and Rocky Mountains
(omitting the cities on the Great Lakes). Memphis is in size the second city in the
United States east of the Rockies and south of the junction of the Ohio and Missis-
sippi rivers. In proportion to their population, these cities, as regards mamiuifac-
tures and other business interests are on a par with the most advanced cities of other
parts of the United States. Cairo, Vicksburg, Natchez, and Baton Rouge are in
like manner all large and important cities for their respective States, and are all im-

9.869604064

Table: Exhibit No. 3.--Areas, population, and railway mileage of lower Mississippi Valley, 1900 or 1909, as compared with entire United States and Europe
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portant and growing centers of manufactures and railway transportation. When
Ohio River coal can be delivered daily at cheap;rates at all these Mississippi River
towns, their manufacturing and business interests should begin to develop with great
rapidity.
But no very large amount of local commerce can be 6epected when the popuila-

tion is as loNV as 86 to 24 per square mile, including cities, and where, in a total length
of about ],265 miles, there are only 7 towns or cities of above 10,000 population or
only 23 of above 5,000 population each. There is, however, an excellent opportunity
for future growth, which must necessarily come in due time. As the population'
increases in this rich alluvial valley of the lower Mississippi, so will the agricultural
and manufacturing industries increase; and the lower valley will have a surplus of
products to distribute to the upper valleys or to foreign countries.
The following exhibits (Nos. 4 and 5) show what developments are occurring in

St. Louis, as presented by its business men. They indicate a development natural
to this section of the country, and which may be expected later at other points after
the country is thickly populated.

ExulIBIT No. 4.-Extractfrom the report of the St. Loomis Mferchants' Exchangefor 1908.

ST. LOUIS IN 1908.

The fourth city of the United States in population.
The largest and most important city in the Louisana purchase.
The largest manufacturer of tobacco in the world.
Has the largest drug house in the United States.
Has the largest woodelnware house in America.
Has the largest hardware house in the country.
Is the best dry goods market west of the Alleglhanies.
Has the largest shoe-house in the world.
The largest shoe distributing city in the Union.
Is the second largest millinery market in America.
The largest inland coffee distributing center.
One of the great railroad centers.
The principal city on the longest river in North America.
The largest hard-wood lumber market in America.
Makes more street and railroad cars than any other point.
The largest horse and muile market in the world.
Holds fourth place as a manufacturing center.
Leads in output of Americal-imnade chemicals. -
Prominent in manrifacture of proprietary medicines.
Receipts of grain in 1908, 70,967,740 bushels.
Receipts of flour in 1908, 2,763,700 barrels.
Flour manufactured in 1908, 965,832 barrels.
Flour shipped in 1908, 3,192,790 barrels.
Banking capital and surplus, 1908, $84,212,110.
Bank clearings in 1908, $3,074,806,769.
Leads in manufacture of stoves and ranges.
Tonnage received and forwarded in 1908, 39,644,900.
Death rate per thousand in 1908, on basis of 722,200 population, 13.56.
Largest brewery in the United States.
Has 105 public schools, with 92,765 scholars.
Largest and most complete railway station in America.
Has 27 public parks, containing 2,318 acres.
St. Louis post-office ranks first in ratio of expenses to receipts.
Receipts at St. Louis post-office in 1908, $3,974,834.
Pieces of mail matter originating in St. Louis in 1908, 309,165,738.
Is renowned for beautiful residence districts.
Has 19 miles of river front.
Real estate transfers in 1908, $39,866,644.
Value of buildings erected in 1908, $21,190,369.
Real and personal property assessed, $524,302,020.
Value of manufactured product in 1908, $31.4,185,326.
The largest manufacturing stationers for bank and county supplies in the world.
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I!.tractfrom the report of the St. Louis Merrhan1ts' ExchalngyJbL 1908.

Area, 62-.j square miles.
Popuelation, 750,000.
Real estate andl personal. assessed value, $524,302,020.
Bonde(l delt, $1S,344, 178.
Houses erected during 1908 (9,1]9), cost, $21,190,369.
River front, 19 miles.
Public parks, nmlmber, 27; 2,318 acres.
Paved streets, 581.47 niles.-
Paved alleys, 192.70 miles.
Public sewers, to January, 1909, 648.22 miles; cost, $16,259,628.
Conduits for undergrounId wires, 194 miles.
Water supply,- capacity per (lay, 160,000,000 gallons.
Water supply, average daily consumption, 68,960,000 gallons.
Receipts for *water licenses, $1,830,870.
Public schools, 1908: Number, 105; teachers, 2,1 16; Fcholars, 92,765: cost,

$11,560,534.
Union Station, 32 tracks, covers 11 acres.
Railroad liIes terminating in St. Louis, 26.
Street railroads, single track, city, 348.41 miles; county, 107.46 miles; total, 455.87

miles.
Passengers carried, 310,589,278.
Municipal revenue, year ending in April, $8,502,067.
Death rate per thousand, basis 1908 (722.2()0 population), 13.56.
Post-otlice, cash receipts, $3,974,834.
Po4-office, pieces of mail originating in St. Louis, 309,155,738.
Tonnage, total tons received, 23,871,102.
Tonnage, total tons shipped, 15,772,898.
Manui facturers, product, $314,185,326.
Bank clearings, $3,074,806,759.
Banks and trust companies, capital, surplus, and prQfits, $84,212,110
'robacco,.manufactured 1908, 72,759,588 pounds.
Tobacco tax paid, $4,452,219.
Grain receipts, 70,967,740 bushels.
Flour mnanufactured, 965,832 barrels.
Flour received, 2,763,700 barrels.
Public elevators, 8; capacity, 7,000,000 bushels.
Private elevators, 31; capacity, 5,125,000 bushels.
Lead received, 1,998,370 pigs.
Revenue from harbor fund, $135,364.
Zinc and shelter, 3,776,260 slabs.
Cattle received, 1,2933,564.
Hogs received, 3,199,922.
Sheep received, 724,781.
Horses and mules received, 120,853.
Cotton receipts, 675,842 bales.
Coal (all kinds) received, 7,365,091 tons.
Goods to the following amount were sold:
Dry goods andanotioIns, $65,000,000.
Millinery, $6,000,000.
Vehicles and implements, $16,000 000.
Plumbers' and steamfitters' supplies, $7,500,000.
Groceries and kindred lines, $70,000,000.
Boots and shoes, $53,000,000.
Tobacco and cigars, $46,000,000.
Hardware, shelf and heavy, $37,000,000.
Woodenware, $18,000,000.
Lumber, $47,000,000.
Candies, $5,500,000.
Beer (3,194,520 barrels), $22,361,640.
Clothing, $11,500,000.
Furniture and kindred lines, $22,700,000.
Sto-' es, ranges and furnaces, $5,000 000
Electric supplies, machinery, and famps, $10,000,000.
Paints, paint oils, aiwd white lead, $12,000,000.
Saddlerv and harness, $3,250,000.
Hlats, caps, and gloves, $4,200,000.
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1)rugs and kindred lines, including proprietary goods, druggist sundries, aiicl chem-
icals, $19,000,000.

Glass, plate and window, ornamental, $3,000,000.
Clay proclticts, $4,500,000.
F1urs, $7,500,000.
Railway supplies, $15,000,000.
Trunks and blags, etc., $2,500,000.
Steel castings and foundry and machine shops products, $18,500,000.
Wool receipts, 1908, 23,123,340, $6,500,000.
Hlides, receipts, 1908, 70,587,900, $11,500,000.
Carpets and kindred kinds, $5,250,000.
Railroad and street cars manufactured, value, $9,000,000.
Paper, stationery, and envelopes, $9,000,000.
Dry plates, $1,750,000.
Glass and clueenswvare, $2,125,000.
Bakery products, $7,000,000.
Tin and enamneled ware, $5,500,000.
Soap and candles, $9,000,000.

EXHIBIT No. 5.-Extract from the report of the St. Louis Merchants' Exchange for 1908.

MANUFACTURING INDUSTRIES IN ST. LOUIS FOR 1908.

[By Edward J. Troy, secretary Missouri Atanuifacturers' Assoclation

The aucity of failures among the manufacturers of St. Louis during the 'ast year,
when thle panic conditions were prevalent, and in the face of numerous important
failures in other commercial centers, this city boasted a record of few industrial fail-
ures, and those that were recor(Ied were rather unimportant.
This record sulltices to forcibly illustrate the ultraconservatism that characterizes

the manufacturing operations of St. Louis concerns, and gives a reason for the steady
progress of the manufacturing and dependent industries of this great commonwealth.
This conservatism is often made the subject of criticism, but in time of depression,
such as was experienced, the criticism becomes the highest form of laudation of a
business scheme.
The foresight of the rank and file of manufacturers in this citY will enable them to

prepare for ame inevitable demands of an increased business, which has manifested its
coming during the new year by many indications of unmistakable character.

Official statistics of the manufacturing activities of St. louis during 1907, show a
gain of $33,000,000 over the previous year, and it is expected that the ollieial figuresfor the year just closed will be correspondingly optimistic.
The figures tabulated below, from the state bureau of labor statistics, give a Com-

parison indicating the capital invested, the value of the manufactured products, the
number of persons employed, and other interesting topics bearing on the general sub-
ject of St. Louis manufactures:

1906. i9;.
Value of goods manufactured .$281.......................52,SI76, 596 $314, 185, 326
Value of materials ancl supplies used.160,963, 176 18:3, 588, 825
Total capital invested. 185, 986, 952 212, 908, 508
Value of grounds ................................... 17, 941, 021 18, 806, 262
Value of builldings.................................. 31, 265, 096 36, 707,080
Value of machinery, tools, fixtures, etc.61,903,966 71, 328, 963
Paid in rent........................................ 2, 629, 417 2, 767, 586
Paid in taxes....................................... 10, 569, 418 11, 289, 147
Paid in insurance.......................1,1443...........l, ' 391, 041
Total rent, taxes, and insurance.14, 4 13, 308 15, 447, 774
Total amount paid in wages.62, 030, -.185 67, 531, 220
Male employees.84, 740 93, 6.51
Female employees.23 23, 615 25, 480
Number of factories.2, 724 2, 955

9.869604064

Table: Exhibit No. 5.--Extract from the report of the St. Louis Merchants' Exchange for 1908
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Igitractfroin the report of the St. Louis Merchants' Exchange for 1908.

(Manufactures of St. Louls in 1907 as compiled by the State Board of Labor Statistics, J. C. A. Hitler,
comnmissioner.]

N uim ler
of estab-

lish-
ments
report tllg.

Agricultural isij)h3ileIts ... 2
Asphalt, tar roofing 6
Awnings, tents, flags 10
Badgns, regalia. 9
Bags, lngg 5....6
Bakeries...3.......64
Bank and store fixtures 19
Boats ... 1
Boiler works.10
Boots and shoes.22
Boxes, paler.16
Boxes, wood ..25
Brick, tile.20
Broons, brushes. 21
Candy, confections.23
Canning, preserving 21
Carworkk 8
Carbonated besverages I1
(Carriages, wagons. 160
Cigars.............. 292
Cleaners. dyers . 1l
Clothing, women ..44
Coffins, caskets. 5
Cooperage.18
Copper, brass.27
Cottonmills. 2
Concrete, artificial stone 6
Creaeris.... 6
Cutlery, tools 24
Drugs, chemials.88
Electrical apparatus 26
Electro plating ..10
Engraving, electrotyping. :32
Flour,feed. 9
Foundries, machine shops. . 107
Furniture. .... 50
Furs, furnishings. 26
Glass.......... 14
Grocers' sun(iries.... '50
Hair goods.... 6
Harmess, saddles.... 37
Hats, caps.... 11

'I'otnl
value of

goo(ls inan-
,l(t iti red

in 1907.

S269,012
337,941
954, 858
121, 980

7, '22,949
6, 90, 599
1 334,217

14,236
1, 324,273

2.',, 75:3, 158
1, 041,848
2, 413,289
4, 965, 479

291, 421
3,:4i6, 032
:3, 2/2, 162

22, 851, 56
832, 701

7, 449, 209
1, 737,098

345, 448
3,681,637
1,229,723
1,958, 977
3,686, 161

436, 324
995,929
811, 132
936, 075

9, 863, 539
2, 394, 496

1313,163.
484, 871

3,199,098
14, 492,2160
5,867,6432

983,8&13
I, 6, 294

11, 704,514
48,000

1,512,018409, 456

|1ou-se furnishings
Ice.........................
Iron, structural.............
Jewelry....................
leather....................
Light, hent, power..........
Liquor, rectifying, blending..
Liqulor, malt...............
Halt.. .....................
MIllIinery.i ..................
Musical instruments .......
Novelties.................
Oils, grease.............
Packing houses .....
Paints, varnish ....
Patterns, Models ......

Photographic, art su1pplies..
lPlaningmnills..............
Pottery, stoneware.........
Prlntiig. b)inding...........
Publlsisig ..................
lRolliln mills ...............
lRov-e twine................
It utber goods ..............

ISigns......................
Smelters................
Soaps, candles, glue.....
Stationery supplies.......
Stone, marble............
Stoves, ranges..............
Surgical Instruments........
Tailors.....................
Tinware, sheet, galvanized,

iron...

Trunks, valises.............
Tobacco...................
W ire goods.................
Wood working...........
Miscellaneous ...............

Total .................

Memphis is typically the same class of city as St. Louis except as to size, and
is one of the most progressive and prosperous cities of the valley.
New Orleans has not been considered as needing special description, because of its

well-known standing as a commercial port of size, being the twelfth city in the United
States in point of size, and the second,city in point of foreign trade. Its foreign trade
for 1908I(receipts and shipments) was 3,627,097 tons (Annual Report, Chief of En-
gineers, U. S. Army) valued at $159,455,773 for exports and $42,785,606 for imports,
total $202,241,419 (World Almanac, 1908).
The development of the lower Mississippi River must necessarily affect the devel-

opment of the entire river basin including the basins of the upper Mississippi above
St. Louis, the Missouri, and the Ohio.
The States between St. louis and St. Paul are'still largely undeveloped. On the

west side of the river some timber still remains to be cut, iron and cement ores are
awaiting cheap transportation, agricultural products and live stock will be raised in
larger quantities, and manufacturing plants will be established as the country fills
with population. Illinois is richly underlaid with coal, sufficient for many years to
iurnish considerable quantities for export trade as well as for local demands.
The Missouri River States, Missouri, Kansas, Nebraska, Iowa, and both Dakotas,

under increase of population will add enormously to all classes of products, agricul-
tural, mineral, and manufactured, for export after supply of home demands.
The Ohio River Valley (see Ohio River Board report of 1906-1908) has yet large

areas of timber, cement, and coal lands to develop and shows every indication of
great future development of population, farming, and manufacturing industries.

Number
of estab-

lisli.
men ts
reported
ilg.

16
8

19
12
16
5

39
27
5

185
9
10
10
26
28
12
10
38
6

156
87
2
4
7
S
4

14
9
30
19
8

287

85
12
6
5

41
13

2,955

Total
value of

goods man-
ufactured

in 1907.

$176,371
622,830

2,691,988
417, :192

1,88,845
7,049, 488
6,572,92

20,289, 684
337, 445

2,282, 103
112,17:1
268,882

2,079,960
22,788,663
7,115,713

86,149
802,252

3,294,278
67,898

7,303,917
6,044,678
2,791,738
1, 263,899

449, 389
99,078
736,945

3, 484, 466
771, 233

1,094,005
7, 516, 3M4

53, 84
11,686,127

5, 975, 335
1,520, 770

21, 127, (54
2,913,021

711,043
313,077

314, 18, 326

9.869604064

Table: Extract from the report of the St. Louis Merchants' Exchange for 1908
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All these three upriver basins may be expected to interchange their surplus prod-
ucts with those of the lower-river basins, calling upon the latter for such articles as
rice, sugar, molasses, etc., which are better produced in the southern alluvial valleys.

The waterway and its channels.-As regards the navigable waterway itself, between the
Gulf and the Great Lakes (the only feature connected with the transportation devel-
opnient for which the War Department is in any way responsible), it has been possible
for several years, even during low-water seasons, to freely send boats of 25 to 30 feet
(Iraft from the Gulf 270 miles to New Orleans, Baton Rouge, and Bayou Sara, 9 feet
draft thence 840 miles to Cairo, 8 feet draft thence 182 miles to St. Louis, thence 4i
feet draft 365 miles up the Mississippi and Illinois rivers and through the Illinois State
Canal to Chicago. Connected to this through route are good boat channels of at least
4j feet at low water (7 feet during 190--8) from the mouth of the Illinois River 620 miles
up the Mississippi to St. Paul; and of at least 2j feet at low water from just above St.
Louis 2,285 miles up the Missouri to Fort Benton (with 3j feet below Sioux City and
4 feet below Kansas City); and of 9 feet at mean stages of water from Cairo about 1,000
miles up the Ohio to Pittsburg (under iImprovement to 9 feet (le1)ths at low water), and
thence with 5 feet low-water depth 128 miles up the Monongahela to the Pennsyl-
vania coal fields; and 6 feet at low water for 90 miles up the Kanawha to the West
Virginia coal fields, besides long distances at mean and higrh water stages up all the
many other less important tributaries, among which are the Ai'legheny, Little Kanawha,
Muskingum, Kentucky, Cumberland, Tennessee, St. Croix, Minnesota, Osage, Gas-
conade, St. Francis, Yazoo, Arkansas, Red, all of which carry good depths at mean
stages of water and penetrate regions of great fertility and great natural resources,
though as yet sparsely settled and largely undeveloped. This waterway system of
about 14,000 miles length of navigated rivers, so far as concerns its existing boat
channels, their depth and capacity for boat travel, is, as a whole, the equal of anything
in Europe, where much of the canal and upriver boat traffic is done on 3 feet draft;
most of it is done on 6 to 8 feet draft, and where as much as 10 feet draft is exceptional.
All the rivers of the Mississippi Valley, so far improved, are in, far better navigable
condition at the present time than before improvement work was started.
As to the upper Mississippi River, the last annual reports of the Chief of Engineers and

the officer in charge show the river to be far better in every way to-day than formerly,
and show also that there is no difficulty whatever in securing for the entire length of
river at least 6 feet depth at times of dead low water, with reasonable rapidity, as soon
as the cost of the same shall be provided by the Federal Government. During the
fiscal year 1907-8 (see annual reports for 1908) there was not at any time at any point
of the river from St. Paul to the mouth of the Missouri (except in the Des Moines
Rapids Canal) a channel depth of less than 7 feet.
On the Missouri River the work laid down by the Engineer Corps in past years

contemplated and prophesied a good channel wherever and whenever provided for
by the necessary funds. -In this case the work was started at a point between St.
Louis and Kansas City and carried on downstream with the idea that the funds would
be regularly forthcoming until the work was completed, such arrangement being best
suited to quickness and economy of work. But as the appropriations were not con-
tinued long enough, the improvement never reached St. Louis. However, in the last
annual report (1908) of the Chief of Engineers, including the report of the officer in
charge of the Kansas City office of the Missouri River improvement, it is shown that
over the completed stretch of river, including 45 miles of the worst parts of the old
river, a depth of at least 6 feet at low water has been secured and is still maintained,
the construction works are still doing excellent service, much valuable new land has
been reclaimed, and much valuable old land has been protected from future destruc-
tion. The whole river will be made equally good as soon as funds are forthcoming.
Meanwhile 4 feet draft can be carried up to Kansas City, 3j feet to Sioux City, and 2 feet
to Fort Benton every day of the year except when the river is closed by ice.
On the Mississippil River from St. Louis to Cairo the increase in depth and width

of channel during past ears, while under improvement by the Engineer Corps, has
been quite marked, and to-day there are only a few days at a time for a few times
each year when a boat drawing 8 feet can not freely go up and down the river any-
where between St. Louis and Cairo. Such improvement affords conveniences and
facilities to navigation far in advance of anything at present being utilized or being
demanded by the boating interests, and such improvement is practically equal to
that which the Ohio Valley interests are at present demanding for their own river,
and with which they will be well satisfied. The delays of navigation on this stretch
of river from St. Louis to Cairo are trifles in comparison to the winter delays of navi-
gation on the Great Lakes, where the boat commerce is many times greater and
where all reasonable demands of commerce are to-day fully met and satisfied.
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On the Mlississippi River below Cairo the river is also in far better condition now
than ever before, and except for a few days a few times each year there has been
maintained for several years a least depth of 9 feet, capable of carrying all boats
that may reach it from the Ohio River after the improvements in progress thereon
shall halve been completed.
As a matter of fact, there are very few rivers anywhere in the United States or

Europe that are to-day in bet-ter condition for navigation than the Missouri, the
Mississippi, and the Ohio, taken as an entire system. Moreover, so far as their im-
provement has been earned out under the Engineer Department methods, the
results obtained per dollar of cost have equaled anything in foreign countries, the
main trouble to-day being that the improvement is only partial, having been carried
on of course only so fast as the Federal Government furnished funds for the work.
The past decrease of commerce and the present lack of increase of commerce on

these rivers is not due to lack of depth in the river so much as due to the conflicting0
interests of land and water transportation, and to the laws governing the movement
of raw products toward the centers of manufacture, and of manufactured products
toward the centers of consumption, combined, perhaps, with a lack of development
in steamboat construction and driving power. No river improvement can be cx-
pecte(l to send either grain, or coal, or iron, or manufactured products, from places
where their value is high to other places where the values are lower. At the present
time the question is one almost entirely of demand and supply. No great develop-
ment of boat commerce can be expected until it is evident that the goods carried
call be moved from a place where they can be bought at low prices to a place where
they can be sold at lligher prices, so that the freight charges can be paid out of the
profits of the sales. rThe present lack of development of commerce on the Mfissis-
sippi River is properly due to the economic laws governing natural lines of travel
of raw materials and manufactured products, and to the existing conflict of interests
between steamboats and railroads.
The small extent of water transportation over the waterways of the United States in

the Miississippi Valley, and its marked decadence in recent years, has been a matter
of great surprise to many American engineers, as well to the engineers of Europe.
Thle mileage of navigable waterways of the Mississippi basin, including its canals and
the depth and width of the navigable channels therein, is great, even in comparison
with those of the inland waterways of Europe; and the river facilities, so far as the
navigable channel is concerned, were good years ago, and as above shown have been
very much improved and increased in recent years. In special cases, such as lumber
on the upper Mississippi and coal on the Ohio, the individual load carried by or towed
by single boats on the Mississippi is larger than in Europe. But the length of river
haul is long per unit of population served; except at New Orleans, the dockage facili-
ties are very slight, sometimes nothing more than a sloping bank, and are always ex-
pensive; and except at New Orleans the terminal facilities, including arrangements
for transfer to rail connections, are almost entirely lacking. Freight rates by water
are therefore high in the Mississippi Valley as compared with the rates by rail between
the same terminals

In Germany and the adjacent European countries, with their dense population, with
a less waterway mileage, and only about one-quarter the railway mileage per head of
population that there is in the Mississippi Valley, and with high railroad rates, it is
comparatively easy for them to keep their waterways full of steamers and barges,
distributing to the interior of the country quantities of freight far in excess of anything
that can be expected in the United Staies for many years.
The main feature of difference between the Mississippi Valley system and those of

European rivers at the present time is that in the Mississippi Valley (the Ohio River
excepted) there is a lack of freight demanding transportation at rates high enough to
justify the establishment and operation of go boat service, that the paralleling rail-
roads with gentle grades stand prepared to carry all the freights more directly, more
quickly, and more cheaply than steamboats can do even in wide and deep channels
such as those between New Orleans and Baton Rouge, and that the local conditions
and laws favor the railroad service rather than the boat service in matters of transpor-
tation. As population and general business increase, as the railroad service becomes
congested, and as the boat service improves in its methods of handling freights and of
collecting goods from the shipper and delivering them to the consignee, the waterways
will probably again resume their proper place as a valuable and economical method of
freight transportation, at least for the heavier and bulkier classes of goods.

The bodts with their equipment and 8ervnce.-The Department of Commerce and
Labor, Centsus Bureau, special report on transportation in 1906 is especially full and
complete in the matter of boat description. A few only of its tables are here inserted
(Exhibits Non. 6, 7, 8, and 9) and these have been modified somewhat in arrange
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ment and a few percentagyes a(Ied to better attract attention to certain features
For the benefit of persons not accustomed to the daily use of such tables the follow-
ing explanations may be found useful: Vessel tonnages must not be confused with
cargoes or freights, as the tonnage refers usually only to the measured capacity of the
vessel, remains the same whether the vessel be loaded or empty, and is usually
reported only once a year, while the cargo or freight is an actual load reported each
time that the vessel is loaded or unloaded. Moreover, the registered tonnage of a
vessel may often differ by 10 to 25 per cent from the tonnage of its full cargo, according
to bhe methods of measurement and loading and to the character of the cargo. River
or port commerce or traffic usually means the total of shipments and receipts, which
is nearly double that of either alone. Even within the limits of a closed district
the shipments and receipts may not agree in amount, owing sometimes to the con-
suimption of the cargo by the vessel or its passengers, sometienes to a credit of some
of the freights to other districts, and sometimes to incompleteness of reports.

In descriptions of vessels of the Mississippi system the Departlllent of Commerce
and Labor makes St. Louis the dividing point between the upper and lower Missis-
sippi systems, crediting the upper system with whatever it sends to or by or receives
from St. Louis, and, crediting the lower system in similar fashion, but giving all the
local business within its harbor to the lower Mississippi. In its division between
rivers of these systems credit is given to a river only when the movement starts or
stops within the river, and not to a movement which both starts and stops beyond the
limits of the river, so that grain freight from points on the Missouri to points on the
Tennessee, or coal freight from the Monongahela to the lower Mississippi, would be
credited to these rivers and not to the Ohio through which it passes on its way. This
is clone to avoid a confusing duplication. The 1889 reports in some cases represent
a somewhat different distribution, so that comparisons of 1889 and 1.906 reports are
subject to minor discrepancies. Where reports are based upon combinations of
reports of various departments there are also sometimes slight differences dlue to the
fact that the census reports cover calendar years and all boats of 5 tons or more nieas-
urement, while the navigation reports cover fiscal years and only documented boats.
In all the census reports the federal vessels have been omitted, ass also all boats of
less than 5 tons burden. The group of vessels termed "unrigged" by the Census
13ureau includes barges, flatboats, lighters, scows, dredges, derricks, pile drivers,
hoisting barges, floating elevators, canal boats, and all similar craft, when without
means of self-propulsion. The unrigged craft alone or in tows, handled by a small
towboat, perform for the river the same functions as are lperforme(l by drays and
express wagons on land, and are increasing in large numbers every year.

EXHIBIT No. 6.- Vessels and capacity of the lower Mississippi River from St. Loitis to
Nlew Orleans for 1.906 as specially reported in 1908 by the Departmcn1t oj Commaerce
and Labor (Censuts Bureau).

Vessels.

I'roportion orentire
Gross Mississippi system.

Number. tonnage
(tons).

Number. Tons.

Commercial vessels: Per cent. Per cent.
Tugs and towboats.............................. 131 10,004 21 16
P etboats....................................90 17,474 23 32
Bargesand tows........................................... 354 94,213 4 2
Ferryboats................................................. 52 14,496 33 65

Yachts......................................................... 37 858 17 26
Allothers.. 8 437 21 20

Grandtota........................................toa.. 672 | 137,482 7 3

9.869604064

Table: Exhibit No. 6.--Vessels and capacity of the lower Mississippi River from St. Louis to New Orleans for 1906 as specially reported in 1908 by the Department of Commerce and Labor (Census Bureau)
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ExmBrr No. 7.- Vessels, tonnage, and servi e-Freight vessels of M1issisippi Valley, 1906, as compared-with entireUnited States, and with 1889, as
reported in 1908 by Department of Commerce and Labor (Census Bureau).

1906.

Se-l~ropel~lng vessels:

Numberof vessels 1,2435Grosstonnage. ,196,227
Value of vessels ----------------------------------------. ... l813196,77,0
Gross Income .......................................- 17,342,038
Number of employees ..... 15,016

Wages ................................................. 692,117

Barges and tows:
Number of vessels...................................... 8,187

Gross tonnage 4,265,740
Value of vessels.....................$............. 9, 655,372

All vessels together:
Number ofvessels.- 9,622
Gross tonnage . .. 4,441,967
Value of vessels ... ...........22,852142

Grossincome. .17,342,038

Number of employees 15,016
Wages $5,692,117
Number of passengers 14,122,241

Ferryboats:
Number of vessel3............. .. 1C6
Gross tonnage 22,180
Value of vessels I S1,776,360
Number of passengers carried.. ..1 0,022,612

Entire Mississippi Valley. Entire United States. Ratio of Mississippi Valley to
entire United States.

Years. Change since Years. Change sinc. Years. Change since
1889. 1889. 1889.

1889.

972
192,974

$9,622, M08
$16, 331,872

15,951
$5,337,185

6,328
13,171,636$4,784,554

7,300
3,364, 610

$14, 407,162
$16,331, 872

15,951
S5,337,185
10,858,894

163
18 593

81,056,250
8,474,646

Gain.

Per ct.
48

........

37
6

7

29
35
102

32
31
59

6
-- -- 7-

30

19

68
18

Loss.

Per ct.

........24.2

....

........

........

{........
........

........

1906. 1889.

9,927
4,059,521

$6, 772, 727
$262,167,342

115,525
$61,265,474

5,603
1,710,0,3

8$131,567,427
8113,715.700

70.347
$28,521, 22'0

20,263 16,937
7,129,6311 4.9973,356

864,994,249 822,231,953

37,321f12,893,429
$507,973,121
S294,854,532
;140,929

l t71, 636,5211366,825.663
1 536

261,073
$29,578,380
330,737,639

30,45.5
8,359,135

820,992,352

$161,994,'066
113,870

$41,482, 812
198,992,438

456
146,104' $10, 442,750

182,033,991

Gain.

Per ct.
.7

137

194
131

115

20
43
192

22
54

145
82
24
73
84

18
79

183
82

Loss. 1906. 1889.

Per Ct. Per ct.
14.5 17.3

........ .3.6 11.3-----.... 3.4 7.3

........ .6.6 14.4

........
13.0 22.7........ .9.3 18.7

40.4 37.4
........ 59.8 63.8
........ 14.S 21. 5

... .... 26.0 24. 0

........ 34.0 40. 0
5.0 7.0

........ 6.0 10.0

........ 11.0 14.0

........ 8.0 13.0

........ 4.0 5.0

........ 31.0 36.0

........ 9.0 13.0

........ 6.0 10.0

........ 3.01 5.0

Gain.

Per ct.
.. -......
,........

........

........

........

........

1----

........

........
.....

........

........

Loss.

Per ct.
16
68
53
54
43
50

........
30

29
40
21
38
20

14
30
40
40

a

'-3

0

0
o_

tt

Q

- -

1..I.. ..11

9.869604064

Table: Exhibit No. 7.--Vessels, tonnage, and service--Freight vessels of Mississippi Valley, 1906, as compared-with entire United States, and with 1889, as reported in 1908 by Department of Commerce and Labor (Census Bureau)
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EXHIBIT No. 8.-Number of boats of different tonnage capacities, Mississippi River, 1906,
as reported in 1908 by Department of Commerce and Labor (Census Bureau).

[Omittirng ferryboats, yachts, and small pleasure boats.)

Size of boat by tonnage.

By system and class. 6 50 100 200 300 400 500 1,000 Ttal
to 49 to 99 to 199 to 299: to 399 to 499 to 999 to 2,500 1sizes.tons. tons. tons. tons. tons. tons tons. tons.

___ _ _ ___ _ 1.1, ____ _ _-, _,_ ,_

Lower Mississippi system:
Freight and passenger packets.. 30 21 7 10 4 6 12 1 90
Tugs and towing vessels ...........68 39 14 6 1 3 ........ 131
Bargesand tows................... 28 63 90 52 36 31 43 11 354

Ohio River system:
Freight and passenger packets ..... 70 29 26 19 9 3 9 2 167
Tugs and towing vessels........... 168 87 81 20 15 7 20 1 399
Bargesandtows................... 367 189 1,582 651 29 371 1,988 2,227 7, 404

Upper Mississippi system:
Freight and passenger packets ..... 80 22 14 8 1 2 62 ........ 133
Tugs and towing vessels .. 65 24 7 3 ..... 89
Barges and tows ............. 200 165 57 6 1 1 ... 429

Whole Mississippi system:
Freight and passenger packets..... 180 72 47 37 14 10 27 3 390
Tugs and towing vessels ........... 291 150 102 29 16 7 23 1 619
Barges and tows .. 595 417 1,729 708 66 403 2,031 2,238 8,187

ExHIBIT No. 9.- Value offreight-carrying vessels of Un ited States in 1906, as reported
in 1908 by Department of Comnmerce and Labor (Census Bureau).

Pail,
Lakes Mississippi, All other

By class. and Gulf including St Law- including Inland
Alaska. -tributaries, waters.renoe.

Average tonnage per vessel: Tons. Tonw. ToM. Tons. TOWs.
Steam (self propeller) ........... 269 486 1,143 102 64
Unrigged (barges and tows) ........ 260 192 270 521 133

Average value per ton:
Steam................................... 5133 8117 861 590 $103
Unrigged................................ 18 30 32 2 10

Average value per vessel:
Steam................................... 35,826 56,698 69,799 9,196 6,604
Unrigged ..............*.-.| 4,789 5,776 8,540 1,179 1,310

The table of vessels and capacities of the lower Mississippi (Exhibit No. 6) shows
that while the lower river carries two-thirds of the ferry service of the entire
Mississippi system it handles only about one-third of the packet-boat freights and
only about one-fiftieth of the barge freights, except where it receives these barges
from the Ohio River or from the upper Mississippi.
The table of vessels, tonnage, and service of the Mississippi as compared with the

United States (Exhibit No. 7) shows that while the Mississippi Valley waterways
haxe, since 1889, actually gained in total number of vessels, value of vessels, and
gross income, they have relatively fallen far behind in every way in'the general
advance b the freight-boat service of the entire country in tonnage, value, income, etc.
The table giving number of boats of different tonnage capacities in the Mississippi

River (Exhibit No. 8) shows that on the lower Mississippi the majority of the boats
are of less than 200 tons capacity, although barges and towboats are broadly distrib-
uited among all sizes up to 2,000 tons. This is in decided contrast with the upper
Alississippi River, where the majority of boats are less than 100 tons, and in equally
great contrast with the Ohio River, where more than one-half of the barges are over
500 tons. This table, taken in connection with the preceding table, shows very
plainly that the mass of the freight in the Mississippi Valley is being carried on barges
of comparatively light draft rather than in packet boats.
The table giving the value of freight-carrying vessels in the different parts of the

United States (Exhibit No. 9) brings out forcibly the much greater cost of vessels
per ton of freight carried along the ocean frontages than on the iiland rivers. The
greatest contrast. between the cost of the barge or tow and the self-propelling vessel
per ton of freight carried is in the Miississippi Valley, where the self-propelling vessel
shows a first cost per ton 45 times that of the barge.

9.869604064

Table: Exhibit No. 8.--Number of boats of different tonnage capacities, Mississippi River, 1906, as reported in 1908 by Department of Commerce and Labor (Census Bureau)
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The Ohio system includes nearly two-thirds of all towboats and a little more than
three-fourths of all towboat tonnage of the Mississippi Valley. The lower Missis-
sil)pi is prominent in ownership of ferryboat tonnage, and the upper Mississippi in
the ownership of yachts and pleasure craft.
A little over two-thirds of all the barges and tows in the Mississippi Valley, consti-

tuting nearly four-fifths of the total tonnage, belong to 10 owners, all of the Ohio system,
i. e., large coal companies of the Pittsburg district. The barge equipment of these
10 owners handled( over 40 per cent of all the barge freight, even including all harbor
work and car ferries.
The Mississippi River and its tributaries had, in 1906 as well as in 1889, almost as

many wooden boats as the rest of the United States, but there is a tendency at the
present time, by reason of their short life, higher rate of insurance, an(l greater cost for
repairs, for them to be replaced on the river in the same way as in the past on the
ocean and Great. Lakes, by iron and steel heats.
The o0l wooden coal barges, which could be used but once and then sold for rough

lumber on their arrival at the lower river ports, are gradually being abandoned in
favor of steel barges, which, besides being stronger than the wooden barges, will carry
about 20 per cent more cargo on the same draft, of waater. The barge freight which
in 1889 was about six times the barge tonnage, had become in 1906 about four times
the barge tonnage.
The flaIt-bottom stern-wheeler still holds its preeminence as the prevailing and most

useful type of steamboat on the Misissippi. Side-wheelers, where used, are employed
mainly for packet service, and especially ferry service, and the center-wheelers almost
exclusively for ferry service. Screw-prOpeller boats, while forming nearly 25 per cent
of the total niiimber, carry only about 6 per cent of the total tonnage. Gasoline boats
amounted in 1906 to nearly 40 per cent of the total number, but their tonnage was
only about 4 per cent of the totals and their horsepower about 4 per cent also. A
large amount of the river business is being captured by these small gasoline boats, which
for light work are replacing the more expensive steamboats. This accounts for the
large increase in number of new vessels showing a decrease in average tonnage. The
boats in actual use on the Mississippi River at and near St. Louis are shown by Exhibits
Nos. 10 and 11.

EXHIBIT No. 10.-Extract from the report of the St. Louis Mferchants' Exchange for 1908.

STEAMERS AND BARGES.

Number of vessels and their tonnage enrolled and licensed at the port of St. Louis,
Mo., December 31, 1908:

Number Gross ton- Net ton-('lass of X esg'l. of vessels. nage. nages.

Permanent enrolletd wood steamers.................5...........1.....' 16, 022 15,252
Permanent enrolled barges (wood) ............................... 5 431 431
Permanent enrolled steamers (metal) ........... .................... 9 2,940 2,257
Permanent'enrolled barges (metal) .1 1,162 1,162
Licensed (under 20 tons steamers (wood) ........ .................. 27 279 247
Licensed (under 20 tons barges ......... ............ 1 16 16
Licensed (under 20 tenssteamers(metal).2 37 21
Permanent enrolled steam ats (woo)........................... 6 3D3 269
Permanent enrolled steam achts (metal) .............. .... 3 274 220
Licensed (under 20 tons) steam yachts(wd)..6 122 94

Total...................................................... 115 21,676 19,969

EXHIBI1T No. 11.-Extractfrom the report of the St. Louis Miferchants' Exchangefor 1908.

STEAMERS PLYING BETWEEN sTr. LOUIS AND OTH1ER PORTS DURING 1908.

"Diamond Jo" Line.-Steamers Sidney, St. Paul, Dubuque, and Quincy, on
upper Mississippi River.

1agtc Packet Company.-Steamers Spread Eagle and Bald Eagle, on upper Missis-
sippi River; steamers Grey Eagle, Cape Girardeau, and Eagle, on lower Mississippi
River; steamer Alton, excursion boat; tug Echo, St. Louis Harbor.

Lee Line.--Steathers Stacker Lee, Peters Lee, Ferd Herold, and Georgia Lee, on
lower Mississippi River.

9.869604064
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St. Louis and Tennessee River Packet Company.-Steamers City of Savannah and
City of Saltillo, on Tennessee River.

indlependent Cape Girardeau Packet Comnpany.-Steamer City of Memphis, on lower
Mississippi River.

Mlissouri River and Kansas City Transportation Company.-Steamers Chester and
Tennessee, on Missouri River.

St. Louis and Calhoun Packet Company.-Steamer Belle of Calhoun, on tipper
Mississippi River.

Barrett Line.-Barrett, Major Slack, and steamer Beaver, on lower Mlis,;sissippi
River.

West Kentucky Coal Company.-Towboats Jno. A. Wood, Harry Brown, Pacific
No. 2, Fred. Hartweg,W. WV. O'Niel Wash Tlornsbell, and Mariner, on Ohio River.

City boats.-Steamer Erastus Weils, St. Louis Harbor; steamer Saturn, Chesley
Island.

M11adison County Ferry Company.-Ferryboats Madison and C. S.-Greely, North
Market street.

W~iggins Ferry Company.-Transfer boats Geo. H. Madill and Henry Sackman;
tuig Henry C. Haarstick; ferryboats Samuel B. Wiggins, Henry S. Clark, Alonzo C.
Church, and Andrew Christy, St. Louis Harbor.

Interstate Car Transfer C(onipany.-Transfer boat Wm. McClelland, transfer barge
Holbrook, and tug W. R. Kavanaugh, St. Louis Harbor.

St. Clair Ferry and Transfer Oompany.-Ferryboat Florence, Sidney street.
Waterloo-Carondelet Ferry Company.-Ferryboat Dr. Frederich Ifill, Davis street.
Ivory Station and Missouri Pacific Railroadferry.-Transfer boat James Y. Lockwood,

and barge E, S. Jewett, Ivory street.
Tugs plying in St. Louis Harbor.--Colorado, and R. E. Carr, Union Sand and Material

Company; Susie Hazard, Illinois Central Railroad Company; Reliance, Consolidated
Coal Company.

Independent packets and towboats.-Steamers New Haven, Helen Blair, and Omaha,
upper Misissippi River; steamer J. F. Silber, Missouri River; steamer Mary, Illihois
River; steamer i1y. W~ohlt, Missouri River; steamer J. M., upper Mississippi River;
steamer J. R. Wells, Missouri River.

United States boats.-Steamers Mississippi, J. N. Macomb, Lily, Illinois, H. G.
Wright, Missouri.

IPleasure boats.-Steamers Cit of Providence, Chaperon, David Swain, Alton,
Remora, Columbia, Kabekano,W. W., Wanderer, Liberty, D. Cawley, J. S., Swan;
yachts Crescent, Geraldine, Mary B. Franklin, Wooden Shoe, Monkey Wrench, DurG,
WVildwood, Independence, Columbia, Bachelor, Frolic, Nevermind, Theociste, Jose-
phine, Leisure Hour, Louise Rumsey, Clarence S., Irma, Dragon, Victoria, Nomad,
Mary Franklin, Allamakee, Margery Il. Jennie M., Idle flour, Comet, Lydia, Castaline,
Kid, Burr Oak, Duchess, Olympia, Navornobile, Harriet, Emma Della, Sylph, Jane,
Kity Sparks, Mary Sparks, Come On, Albion, Phyiine, Richfield.

On the lower 3Mississippi aiId Ohio rivers, as on European impI)roved rivers and
canals, the tendency is to seek economy of freight transportation by towed barges
rather than by self-propelling packet boats. Wherever the traffic is offered in lots of
over 200 to 1,000 tons the'use of towboats and barges becomes the most economical.
Three and a half million tons of coal or heavy freights can be sent from Pittsburg to

New Orleans by use of 9-foot draft steel barges and stern-wheel towboats in large fleets
at a cost not exceeding $7,000,000 for plant and $2,700,000 for annual operation or about
0.03736 cents per ton mile (Ohio River Board report).
One stern-whieel towboat has been known to handle as much as 56,000 tons of freight

in one tow (Ohio River Board report), a freightage equal to that of a of the largest lake
vessels or 3 of the larges ocean steamers, or of 8 to 15 miles length of railroad cars; and
to handle as much as 2,000,000 feet of logs, enough to fill 14 trains of 24 cars each by rail
(Ex-Governor Van Zant of Minnesota, 1904 Dubuque Convention).
Where the current is swift and the river winding, a small light draft stern-wheel boat

lying across the front of the tow of barges is sometimes added to help steer the tow
around bends.

In 1864-1891 barges of 500 to 1,000 tons and shallow draft have carried ore and coal
between Sulphur Springs, Mo., and Pittsburg, Pa., a 1,127-mile route, at 1.5 mills per
ton mile (Ohio River Board report)
On the 1,200 or more miles of Belgian waterways around Antwerp the barge traffic

of about 7,500,000 tons is mostly cared on shallow-draft barges of less than 1,200 tons
each (Montreal Harbor Commission report).
On the 7,600 or more miles of German waterways connected with Hamburg the

barge traffic of about 8,500,000 tons is handled by about 1,400 self-propellers and about
5,000 barges of from 100 to 1,600 tons of from 3 to 6 feet draft (Montreal and Chicago
harbor commission reports).
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On the Rthine, where the traffic is over 16,000,000 tons, much of the traffic is carried
by barges (towed tandem in groups of two to five) of about 460 feet length, 47 feet
breadthgand carrying about 3,500 tons when fully loaded to about 10 feet draft, the
channel depths varying from 6 to 10 feet (Chicago Harbor Commission report), as
well as by smaller barges of 1,000 tons each (Ohio River Board report).
On the Volga, with traffic of over 14,000,000 tons, of which three-fourths is upstream,

economical rates of as low as one-half mill per ton-infle are reached during good water
by tows of barges of 11 to 12 feet draft (Ohio River Board report). But the controlling
depth on crossings of lower 1,300 miles was reported in 1908 as only 51 feet.
No vessels of otter 2,500 tons make use of the Mississippi Valley except in the deep-

water portion of the river below the mouth of Red River. Although every deep-draft
boat reaching New Orleans could easily proceed up the river about 130 miles further,
to Baton Rouge, there is apparently no incentive for its doing so, as the goodsi canl best
be put ashore at New Orleans, where the terminal facilities are good, after which rail-
roadn charges for delivery at factory sidings are usually less than ri ver freights ('Coin-
bined with drayage up the bank and across the city or country to the factory. The
daily CXpeI1se of large steamers is so great that they must avoid all possile delays ill
loading and unloading in order to be profitable. For example, oil the Great Lakes,
where modern eflicient transportation methods are already in use, a steamer, thel RK.
J. Earlivg, has been fully loaded with 9,277 tons of ore in seventy minutes, averaging
7,288 tons per hour, and the George W. Perkins has been fully unloaded of 10,346 tons
in four hours and ten minutes, averaging 2,582 tons per hour (Census Bureau Report,
1906). The keynote of cheap transportation service on the Great Lakes is not simply
large boats, but is preeminently the reduction to a minimum of all delays at terminals
as well as en route.

'The Great Lakes have been often referred to as an illustration of the enormous
development of freights by reason of the existence of deep draft and as an argument
for deep drafts in rivers. The experience of the Great Lakes navigation (levelol)ment
is, however, not properly applicable to that of waterways in the other )arts of the
United States, as the Great Lakes, for the greater part of their distance, have broad,
deep channels, more like the ocean than like any rivers of North America except the
lower St. Lawrence. The movement of dee )-draft boats in broad, open channels ean
not be properly quoted as an illustration of what would happen to similar boats in
narrow, winding, river channels.

Loage, deep-draft, heavily loaded boats are unwieldy, especially when trying to
back against the current; and when coming downstream such boats cans not be handled
safely except in wide, deep channels, such as are far greater than can ever be expected
in the Mississippi River above the mouth of Red River. While an ocean steamer
might safely go slowly up the Mississippi against the current with a draft somewhat
less than the channel depth over its bars, it is very doubtful whether it could ever
get down the river with safety except during high freshets when all bars were deeply
submerged.

In order to put the Mississi ppi River Valley waterways, as regards facilities of trans-
I)ortationl, onl a par with the railroad systems of the valley, which have branches or
sidetracks to every city or town within easy reach, it would be necessary that the
box cars of railroads should be represented on the river by barges of uniform draft for
the entire river system, so that one or more barges could be loaded at factories and.
freighted along the river in large tows, to be later collected at depots at the mouth of
each tributary, where new tows could be assembled for through towage to their
final destination, each barge, at the end of its route, delivering an unbroken cargo to
the consumer. Such condition is practically achieved in Europe by the great number
of its light-draft barges and the great number of small harbors or havens scattered along
its rivers and canals.
Amount and character offreights carried and demanding carriage by water routes.-Let-

ters were sent out in the fall of 1907 to commercial organizations and individuals
supposed to be specially interested or specially well posted as to river valley com-
merce at all the large cities from the mouth of the Illinois River to New Orleans, asking
information as to the existing local shipments and receipts by rail, and especially
those which might have been taken care of by boats if a 14-foot draft in the
river had been available continuously during the preceding year. Later, in 1908 and
the early part of 1909, further letters were sent out to secure additional information
and especially to find out what definite information existed among the commercial
organizations of the valley as to the relation between boat and rail rates along the
river valley. The replies were considerably fewer and lews full than expected.
Commercial organizations along this river do not appear to have yet made any

special study of the ratio of boat and rail rates or of the reasons for the wide differences
of rates in some cases band the lack of differences in others.
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The more important of the 1907 letters and their replies are as follows:

EXHIIBIT No. 12.-Circtllar to commercial organizations sent out Decemnber 27, 1907.

SIRS: Referring to the tgilttion of a rejectt fora l4-foot waterxway from Cicago to the
Gulf, alld to thie apparent desire of the commercial organizations of the AMississippi Valley
for such waterway, and in view of the fact that the action of Congress in the matter
will lepelnd not only onl the report of the 13oard on Examination and Survey of the
Mississipl)i River as to the feasibility and practicability of such an llndertaking from
an eniginieerinig stals(l)oiint, an(l its probable cost, llmt also on1 the amount of commerce
that call reasonably be expected to be carried onl such waterway, the lBoard above men-
tiohed, of which the undersigned is chairman, would be glad to have your cooperation
in the compnilation of certain commercial statistics, of which the following is an outline
of thle illformation (leMired:

1. What a1inouunt of freight (stated in tons, if possible) was received at your city,
by rail, duringg the calendar year 1907?

2. What amount of such freight was carried by roads running approximately parallel
to the Mississippi River for anly appreciable distancee?

3. What .,amount of stch freight., in your opilliOIl, could rasonablIy be expected to
have been carried by boat had the 14-foot channel been in existence during 1907?

4. What amount of freight was shipped from your city, by rail, during the calendar
year 1907?

5. What amount of such freight was shipped over roads running approximately
parallel to the Mhississippi for any appreC(iable distance?

6. What amount of such freight could reasonably be expected to have been shipped
by boat, had the 14-foot waterway been in existence during the year 1907?
This req nest is being sent to, commercial organizations at the following places:

Grafton, Ill., Alton, Ill., St. Louis, Mo., Cape (Girardeau, Mo., Cartuthersville, Mo.,
Chester, Ill., Cairo, Ill., Pa(lucah, Ky., Memphis, Tenn., G'reenville, Miss., Rosedale,
Miss., Vicksburg, Miss., an(l New Orleans, La. In order that the entire reach of the
river from Grafton to the Gulf may be covered, it is (lesireci that thel information sup-
plied by you include not only the freight received and shipped from your own city,
but also the freight received and shipped from all shipping points (on both sides of thie
river) between your city and the city next below you which vill receive a copy of this

j'he first paragraph of this letter will indicate the use which is to be made of the
information desired.. The object is to secure the total amount of freight handled by
rail along the Mississippi River during 1907, and the proportion which could have been
practically dliverted1 to river transportation. Information concerning the river traffic
for 1907 is I)eing compiled from other sources.

T'he information supplied by you will be merged into a general total, thus burying
the individual data for any particular road, which, if desired, will be treated as con-
fidential.

Very respectfully, CLINTON B. SEARS,
Colonel, Corps of Fngineers, U. S. Army.

Senior Member, Board of Examination and Survey Mississippi River.
Memorandum: Under (late of Decermaber 27, 1907, the above letter requesting data

as to freight carried onl the Mississippi River was mailed to commercial organizations
and individualsatGrafton,' Ill.; Alton, Ill.; St. Louis, Mo.; Cape Girardeau, Mo.; Caru-
thersville, Mo.; Chester, Ill.; Cairo, Ill.; Padlicah, Ky.; Memnphis, Tenn.; Greenville,
Miss.; Rosedale, Miss.; Vicksburg, Miss.; New Orleans, La.

Replies containing some of the information requested were later received from thle
organizations at St. Louis, Caruthersville, and Rosedale.

EXHIBIT No. 13.-Letter of the Lakes-to-the-Gulf Deep Waterway Association.

ST. Louis, Mo., Februaroy 3, 1908.
MY DEAR SIR: Replying to your letter of December 27, I beg leave to answer the

questions you propose as follows:
Question 1. What amount of freight (stated in tons, if possible) was received at

your city, by rail, during the calendar year 1907?
Answer 1. Freight in tons received by railway at St. Louis during the calendar

yenr 1907, 29,417,845 tons.
H. Doc. 50, 61-1----22 *
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Question 2. What amount of such freight was carried by roads running approxi-
matelv parallel to the Mississippi River for any aplreciable distance?

,Answecr 2. 9,921,748 tons of freight evre carried intO St. Louis during the calell.ar
year 1907 by railways running parallel to the Mlississippi River, thiq freight beinr
collected by the raitways from St. Paul, Minneapolis, New Orleans, IAlemphis, anlli
points between.

Question 3. What amount of such freight, in your opinion, could reasonably be
exl)ecte(l to have been carried by boat had the 14-foot channel been in existence
durill 1907?
Answer 3. AMore than 6,000,000 tons of this freight would have been carried by boat

had the 14-foot channel been in existence during 1907. 'This would have left the rail-
ways free with their equipment to carry much freight that was not carried onlaccountI
of the congestion1 and the boats also would have carried very nmuich more of the freight
thalttwas not carrie(l buttwas ready to be handled. Moreover, by this ready movement
of freight there would have been a very large development of freight vhi-ch, without
the lIl-foot channel is not carried at all.

Question 4. \W`hat amount of freight was shipped from your city by- rail during
the calendar year 1907?
Answer 4. The freight shipped from St. Louis by rail during the calendfir year of

1907 was 17,846,155 tons.
Question 5. What amount of suich freight was shipped over roads running approxi-

mnately parallel to the Mlississippi for any aappreciable distance?
Answer 5. 'The amount of freight shipped out of St. louis dluring thle calendar

year of 1907 over roads running approximately parallel to the Msi.3ssppi Iliver was
5,299,158 tons.

Question 6. What amount of such freight could reasonably be expected to have
been shipped by boat had the 14-foot channel been in existence dlurinig the year 1907?

Answer 6. Mlore than 3 000,000 tons of this freight would have gone }y boat had
thle 14-foot channel been in existence during the year of 1907.

It is absolutely certain that had the l'l-foot channel been in existence during thle
year of 1907 not only would the boats have carried, as is stated above, more than tvo-
thirds of the total of the freight carried by the railways, but so mullch more freight
would have developed that tle railways would have carried as munch as they did,
which was all they could carry, and the boats not only wouldI have carried two-thirds
of the freight carried by the railways, but they would also have carried as much as
their capacity would have allowed. In considering the necessity for ad(ling a 14-
foot channel to the present rail freight facilities the Iississippi \Valley has, it must
always be keptipn mind that the railways are not carrying the freight which is offered,
and that we have not had for tell years all opportunity to test the amount of freight
which wvould be offered to carriers were the facilities adequate.

Very truly, youlrs,rV. F. SAUNDERS, Secretary.
COL. CLINTON B. SEARS,

United States Enginzeer in Charge,
Room 428, CGistom-House, St. Louis, Mo.

EXHIBI'T No. 14.-Letter of the Board relative to statistics.

BOARD OF EXAMINATION AND
SURVEY OF Mississn'pi RIVER,
OFFICE OF TIiE SENIOR MEMBER,

RooN 428, Cus'roX1-IIousr,
St. Louis, Mo., Novemnber 20, 1908.

DEAR Slit: Confirminig Verl)al request of several days ago, I have herewith to inake
otficial re(lucst llpOfl your association that )you1 obtain, as far as possible, and present
to me in writing, full statistics as to the present and prospective comlnerce of the
Mis9issippi River from St. Louis to the Gulf, both local and general, and upstream
'.18 well as downstream.

T1he above information is included in that which, by the act of Mfarch 2, 1907, is
requested by Congress from the I3oard of E1ngineers for the examination of the Mis-
sissippi River below St. Lois-- commonly kDown as the 14-foot Waterway Board--
of which I am the senior member.

Ill its past inquiries the I3oard has met with a great deal of difficulty in obtaining
any definite valuable statistics of commerce, although they have been promised by
various parties along the river.
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Such statistics as have already been received from the St. Louis Business Meln's
League, while showing consid rtlile traffic oln the river, do not in any way seem to
indicate that the existing facilities of navigation have been utilized to full extent,
and do not seem to indicate any need for a wider or deeper channel for any greater
number of (lays during the year than already exists. A great deal more is yet needed
in the way of statistics of present commerce to make evident the fact that the present
navigation facilities of the river are insufficient for the commerce of the present time
and of the next few years.
The prospective commerce, however, as to which Congress asks full information,

may very properly include anything and everything which it is probable will develop
in case of the construction of a 14-foot depth channel, of suitable width, from St.
Louis to the Gulf. Should there be any evident demand for such commerce, or
should there be any progress of construction in steamboats requiring 1-4-foot draft (or
even any other depth between 8 and 14 feet) for proper utilization, it seems desirable
to have the matter brought out very fully and plainly. It would be also very desir-
able to have brought out with equal plainness the future saving in freights, or any
other future decided gain to the transportation interests of the country, that will
result from the construction and maintenance of a 14-foot depth channel in place of
the present good 8-foot depth channel.

It is presumed that as your association is urgent in the demand for this increased
facility of navigation from St. Louis to the Gulf, it must either have in its possession,
or can easily secure, all the information above called for; and in view of the fact that
other parties along the river are not furnishing much information in this direction,
it is hoped that you will be able to make your reply as full and complete as possible,
and that you will let me have it from you sometime within the next three or four
weeks.

Very respectfully, BW. II. l3mXm3y,
Colonel, Corps of Engineers, UT. S. Arml!y,

Senior Mfember of the Board.
Mr. W. F. SAUNDERPS, Secretary,

Lakes-to-Ihe-Gulf Deep W1'`aterivay Association,
704 Locust Street, St. Louis, M1o.

ExHIDIT No. 15.-Letter of The Lakes-to-the-Gulf Deep Wuteruway 8s0ciation.

ST. L.Oouis, Deceinber 3, 1908.
MY DRAR COLONEIJ 13BX3Y: I have. the honor to hand you, with this, fires conl-

cerning the toInnage between Chicago, St. Louis, St. Paul, and New Orleans, which I
hope will serve the purpose of your letter addressed to me of November 20. TI'heso
figures have been obtained by Mr. P. W. Coyle, commissioner of the freight bureau
of the Business AMen's League, after a thorough examination of the records of tihe
railways and after much correspondence with organizations between Chicago an(l
New Orleans and St. Paul and New Orleans, which have records as to tonnage.

I have the honor to add to this statement of Mr. P. W. Coyle information as to ton-
nage, present and prospective, gathered by myself from correspondence with coin-
mercial organizations and with railway freight officials, which information is indorsed
by Commissioner Coyle as being accurate.

Very truly, yours, W. F. SAUNDERS, Secretary.
Col. WM. H. BIXBY,

Corps ofEngineers, U. S. Arny,
428 Custom-lo use, St. Louis, Mo.

DATA FROM COMMISSIONER P. W. COYLE, OF THE FRIE:IGT BUREAU OF THE BUSIN,;iESS
MEN'S LEAGUE.

All rail.-Tonnage between Chicago and points in Michigan and Illinois and St.
Louis, 5,600,000 tons.
Between St. Paul, Minneapolis, and Northwestern points and St. Louis, including

grain and grain products, 4,500,000 tons.
St. Louis to New Orleans and interme(liate points, 3,500,000 tons.
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From Now Orleans to St. Louis and Chicago, including lumber, Hugar, coffee, rice,
molasses, and bagging, 7,500,000) tlonis.
Between Chicago and Miheligantl points and Ohio River erossings, sile ats Cincilrnnati,

Louisville, Ev-an;sville, etc., originating at or having (lest ilatloni in the Mississippi
V'allev south of the Oh io lt i yer, 3:,.500,Q00 tolls.
Movement by river to and from St.. Louis for the year 11)07, 368,075 tonms.

DATA FRIOM! WM. F. SAUNI)DFiS, 9FCRETARY AND)-ORNERAIL MANAOERt Or TIHFE BURINESS
MFN 8 LEA(IlIR.

Sonie time agu I had th1e lhotior of a)p)earintg before the Rivers armid Harors C(omimit-
tee of the house of LIel)resentatives a11(1 shuimitt.ing to Mr. Theodore E. Burton
hliirilnan of that. comllilitt e, through Mr. P'. '.(oyle, iniformiiationi 115 to ptres4elt all(

p)rosp)Itotive tonnag-re over the territory to be served l)y the Lakes-to-the-CGilf (eoep)
waterway, which it hlas taken us nearly a year to prepare. '1'he figures of the pros-
CIA toninaige. w!eret prepared for the year ending1 906, w1ichi--- Consi(lering present
freight colnitions-- serve this year fairly well.

T'hlere are six roads earr'ill)g tonliage between ('Chicago n1(1 St. Lou1is-the \Wabash
the C(liiago and Alton, the Illillois Cientrail, the, C licagro 1111(1 Easterilllilois, and
the ('hicato, Peoria and 81 Loutis. 'I'hese six roals carried ill 1906 5,500,000 tOlls ill
lhdili (irect iollns, the Illovellen1e beil g eq l1ila1ly (di vidled b)etweenl north fl(l soth.

Ili addition to this and based upon the( actual miovenieut for one mouth, I believe
it is fair to estim-ate that 1,500,000 mlove annu11111ally between Chicago awIll what are
known as C'hicago Jinction pointss an1(1 points ill th1e territ ory south of the river, east
of the lieie of the Mobile and Ohio all(l west of the Carolinnsa to te Gillf. I alil unable
to obtain absolute figures upon which to base an estitnate eoveriihY the traflic origi-
nating in fllinois or at Chicao and( beyond moving iroilgh 0111Oo Rtiver crossings
without, passing through St. Ltouis, but (oio Imy exl)erience ill the han(llilyg of siuch
traffic with a line directly interested iln it, I believe it is fair to estirnate that the
tonnage p.wi g between that particular territory atnd the territory soulth o f (airo,
east of the Mississippi Iliver, al(l west of the line of the Mobile an(l Ohio, including
New Orleans, at 2,000,000 tons annually.a

Ill making e-stimnates 1 have endeavored to c(otsinti myself to the territory from
and to which tonnage i8 moving by rail, a percentage of \which is susceptible of dliver-
Sion or which won Id natunrally seek the inmproved waterway service. Thero is in
addition to this, of course, immense trafie tia t. would conie un(ler the influenlce of
such rates as w(ouild nece.ssrily follow thoe establishment of su1tch apeit iauieuit ('lilu l ,a

Mr. W\illiam V. Byars, internial-comelnirce expert, wvho is well kinowni as a coinmer-
cial writer, was formerly oiie of the editors of the New York \World and of the St.
Louis llepuiblic and is now a special writer for many newspapers, iln hist report to the
Board of Eunineers at St. Loulis upon theextent of deep-wXaterway trathic, said:
"The freight passing between Chicago ali(l St. Louis is not sel)arately reported.

It is estimated at 20,000,000 tons south, 15,000,000 tomIS north, a1111tu ally, including
shipinrits on the Valndalia^ and the Big Four lines."

Mr. B3yars remarks, in further explanation of thee figures, that all the freight from
Chicago passes by St. Louis Just as the very great grain tonnage of Chicago goes by
St.. Louis, though not thronIgh it, and all the tonnage originatilg at tOWnsbetween
hicago.anid St. Lou1is going in either directionn was included in his estimnate8.

Ileports of the Chicago and St. LOulis boards of tra(le, such tonnage reports of the
railways as are kept of this class of freight, and correspondenoce with shippers in the
towns concerned were the basis of his esstirnates.
We contend that this proposition should not rest with so much importance on the

question of tonnage now moving between Chicago and St. Lotuis, buit that it should
be considered upon the broad ground of ite effect on the commerce, not ofily of the
Mirsissippi Valley, but of the entire territory between the Atlantic coast and the
Rocky Mountains. It is a fact that the rail lines noW operating between Chicago
and St. Louis are unable to han(lle the traffic offered either to their satisfaction or to
the satisfaction of the shipper, notwithstanding the fact that within the past ten vears
their facilities have been increased to the extent of two nrew through lines anA the
double tracking of a large Jart of two of the o0l lines. It iB also a notable fact that
during that period the ol(1 lies have gradiually iuCroaised -their tonnage until they
now carrv dotible what thev did ten years ago. Hence it is fair to assume that the
projectors of the two new lines could not have based their eliterprise on the prospective

aMr. Coyle is responsible for the statements in these two paragraphs.
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toTilifgO that might be diverted from the 0(l lities, but rather tipon the broader groundO{f general development, just. a1s we insist this enterprise should be based. rhat there
is an immetdiate necessity for the confstructiorT of this deep waterway is shown by the
facts already stated, and( the further fact that u1ndler the present consohdilationr of rail
lines anrd the concentration of their management we have no reason to expect private
capital to invest in railroads to the extent. necessary to relieve the present, general
congestion of traffic. That the estalblishment of a permanent deep-water channel
from Chicago to the Gulf wouldI (lo this ir n large measure mtust be apparent to those
who have given the subject even superficial consi(leratiorl. In touehing*on this
feature I Wfsh to say in passing that we are convinced from our intercourse with the
representatives of the railrodls that the broad-minded traffic men (of the country
to-dlay would hail this deep waterway as a practical and a conservative measure of
relief,. anrd a benefit, not ()lily to the shippers, hutb to the carriers as well. Many
railroa(ls to-day ar('carryinrig raw material t(o thlie idti(stries on1 t heir lines either at,
cost or at rates tIhatil. the0l)sa ract (to not yield a reasonable profit lo I he carriers,
simply for the purpose of fosterinc' and developing such industries to the end that
the carriers may enj-)y the profitable traffic of the finishe'l products of such industries.
While this project would not, of course, reach all such conditions, it would do so to
such a degree that the rail lines would be able to utilize their equipment to a muich
greater extent than at present. in the hauling of the higher class of tratlic requiriing
more eM)editious movement., leaving t.he heavier or raw material traffic to thessater
lines, who could carry such freight with sufficient dispalch and at rates profitable to
themselves and satisfactory to the shipper. rhis subject, call not reasonably be con-
sidered as local to the MWississippi Valley in its e4fect upon rates, hut should be (con-
sidered in thelight of a meansof establishing a new basis for the readjuistmentof rates
between the Atlanrttic seaboard, the Great Lakes ports, and fhe great West, just as thle
completion of the Panama Canal should establish new basis of rates across the cent i-
nent. The basis of rates to-clay between the Atlantic oast points andl the \\West
were established as the results of the rates originally made by the Erie C'anal between
New York and Buffalo, due to the fact thatsuich rates were the basis of the rates
originally established by the New York Central between these points. ThenHaslhe
raif lines were extended( west the basis of rates was predicated on another waterway,
and the rates between Chicago and New York are now use(l as theulnit of all the rates
by all the rail lines between Atlantic States, the, Lake lports, and the Missivsippi
River. Therefore, as these rates are the basis of the rates to the western territory,
it must be apparent to you that the establishment ofa permanent(lee) waterway
from the Great Lakes to the Gulfwould necessarily establish a new basii of througli
ratespredicated on the water rate to the Miszissipi River. This is as vital to the
manufacturers at Cleveland, Buffalo, and other lake cities as to the mnanllufaeturers
of the East and( mutually important to all of us. That thit )roject, should e viewe(l
with favor by the railroads of thelPast should be apparent, wlien we take into account
the fact that all the lines terminaling at Buffaloare largely interested in freiuht beats
plying between that port and Chicago. These boats, like all others lying GhGreat
LakCeS are idle at least threemonths of the year. flence the channel proposed would
furnisi the meanseo conducting tratlic in themore favorableclimate of the South
(luring the closed' season of the North, thus utilizing a vast (al)ital that now remains
idle during that term. Therefore we ask that you favorably consider thuisproposition
for this permanent waterway, first, because it is necessary to relieve thegreat con-
gestion of traffic that now threatens the welfare of the commerce of the country; second,
because it is necessary to the complete development of the great Mississippi Valley,
and finally, by Bo doing, establish a basis upon which the rates may bemoreequitably
a(ljusteCl betweemi all our great; commercial(centers.

From the lower Mississippi were rtweived statements that. on the eas.ltSi(e or the
river there is moved annually for local consumption by the railroads at somepoints
about 15,000 to 20,000 tons of merchandiseper mile of river,which might be carrie(d
just as wellby watermas by rail; this being mainly cotton, lumber, grain, andprovisions;
and that a large part of thecotton and lumber intended for exporttruight beloaded
directly onto ocean boats at the point of first shipment ifdeep water existed all the
way from such point to the Gulf. Other statements, from thewestAide ofthe river,
claim that at some points there were large amounts of freight moved by rail indirec-
tionsparallel to the river, of which fully two-thirdsmight have been shiipped by boat
just as well as by rail if deep water had been available.

Somie of the business interests of Cbicago have contributed the following cormmuni-
cation as representing the importance of development of the northanid smith collnlec-
tion between the Great Lakesanid the Gulf. t is credited to the house ofRoth!lcliild,
wad understood to have beenfLunished by that business house to the British Govern-
mert in 1896 during the consideration by that Government of the question of a friendly
dliace between it and the United States.

.34t1
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EXHIBIT No. 16.

* * * * * * *

"This century will not close before we shall have seen a general reorganization of
international relations throughout the world, and alliances and combinations on new
lines to meet conditions which have long been changing, silently and slowly, and
have reached now the stage where the bud must burst into flower.

"T're development of the United States is almost wholly the outgrowth of its
railway system.
"The railway system of the United States grew up in meeting temporary emergen-

cies, in meeting the demands of a popular policy covering a desire for most widely
scattered and thinly expanded pioneer development; which sought hurriedly to
embrace the whole country with very inadequate population and means.

" For a very long period the public lands for settlers, native or immigrant, and great
land grants to stimulate railway construction, gave the United States a practical
monopoly in European investment money, which at first went largely into railway
building an (I then into collateral enterprises growing out of the opening up of new
country. This stimulated a fever, which naturally led to both overbuilding and
overcapitalization.

" In the meantime the concentration of capital, skilled labor, machinery, and a high
industrial, commercial, and banking organization in the New England States gave
them great wealth, which was very heavily reinvested in expanding their foeal-
indlustries for most profitable enil)loynment.

"T1he result of this scramble is now very apparent oln any close observation; and it
has sa(ldld(l upon the United States one-half of the railway mileage of the world, in
large part very badly located because permanent conditions for sustaining it do not
exist. Those portions of the country richest in resources to permuanenil y sustain
dese l)op)Ilat ioilhave been little touched upon, aind a shifting of population anid iidiu-
tries to them must henceforth come under increasing pressure; and this will bring
about widespread readjustment of trade and values.
"To illustrate how badly located are the industrial institutions and population

of the United States-a location directly traceable to railway location--the figures
show that, for a population of 70,000,000, the railways of the United States are called
up1oll to move a tonnage almost as great as that of Europe for more than five times
the population, and whose labor produces a vastly greater output; and when, in addi-
tion to this, the average distance hauled in the United States is considered, which
is four tines as great as in Europe, the discrepancy becomes amazing. For 1894 the
tons of freiglt moved in1 the United States reached 675,000,000.

"Trhe mIlela.\ge hall shows that the average distance hauled was about 123 miles,
3 per cent. more than the previous year; that is to say, 10 tons per capita 123 miles,
against this Europe's haulage of less than 800,000,000 tons an average of 35 miles.
Reduce(l, that it takes at least seventeen times as much railway hauling per capital to
serve the pol)pulation of the United States as to serve that of Europe.
"An examination of the fundamental conditions of the great industrial centers

makes plain thle reason for this enormous waste. As for instance, the New England
States are without natural resources to in any measure sustain their population and
institute tons. The material they work up, their food, their fuel, their shelter, must
all be brought from greatly distant fields. Yet there is concentrated the highest,
productive capacity of men, machinery, and capital. New York is not greatly
different, though better. But through her territory run the great lines of transporta-
tion and her harbor monopolizes in great part the trade of the country with other
countries.

" England is a shop and a bank and a carrying country. But England has seaway.
In the United States it is railway, infinitely more expensive to operate, and every
mile of which not only must be maintained but interest on its cost earned day by day.
"One result has been that American railways have already been cut down below

the safety point in carrying charges. It is impossible for the industries to share in
further cutting. Laborwi- prevent it on one side, and the manufacturer, with his
badly located plant, who has to haul material and fuel and thenl ship back his products,
in competition with other countries, and with only an uncertain margin of customs
tax, can not reduce his cost of production and live.

"Yet, reduction must continue. Step by step it must invade fixed charges and
compel reorganizations so far as the railways are concerned, and renioval and reloca-
tion by the manufacturers. The emergency work and the emergency conditions of
settling new country, and emergency profits, are things of the past. Permanent con-
ditions must be miet. The West is each year becoming less and less dependent on
eastern industries. Europe each year becomes less dependent on the American
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exports, which have heretofore cut so large a figure; and between these upper and
nether millstones the great investments in transportation must be ground.
"There are three great central regions of concentrated resources in that portion of

the United States lying east of the Rocky Mountains.
"The first in importance and in extent is the mountainous region lying in the center

of the Southern States east of the Mississippi, with the Pennsylvania and Ohio coal
fields added. This comprises about 130,000 square miles, being 150 to 250 miles
wide by over 700 miles long, extending to northern Georgia and Alabama. if thiS
region were settled like the New England State of Massachusetts, it would contain
40,000,000 of people; if like Saxony, it would hold 20,000,000 more than the present
total population of the United States; area for area it has resources of all kinds several
times greater than those of Saxony. Its natural conditions are all of the highest
class and constitute it a natural magazine and workshop not equalled elsewhere in
the world.

"Round it on all sides lie estates naturally rich. A great part of it is wilderness.
It seems to have been avoided by the railway system of the United States in the
South; doubtless because of grades. But its topography bonds it together, its coal
field along one side and its minerals and great forests on the other, across a rich valley
running through its center for its whole length. Opened up, its conl(litions would
enable it to compete with any country, even with the oriental countries soon to
become of the world's account as producers for export. Here the carrying would
be even less than in Europe, per capita, considering the resultant pro(luet, and the
distance. Its proximity to the Altarntic coast from Baltimore soutthward, and to
the coast of the Gulf of Mexico, are all in its favor in considering transisthdnian and
Spanish-American trade.
"The next great region, lying both in the United States and the British Dominion

of Canada, surrounds the upper Great Lakes. The possibilities of the develoI)ment
of this region are beyond calculation. Chicago is its natural. point for concentration
and distribution and it has many natural centers of minor importance. When the
isthmian possibilities are considered, and the relation of North America to Central
and South America, it is very plain that the true transcontinental line is not from
New York to San Francisco across the high mountain country of the interior, but by
the St. Lawrence and Mississippi, with water most of the way, and its summit in
the low gap of Chicago, only some 600 feet above sea level. As compared with the
line by the middle lakes and the Erie Canal the short cut from Georgian B3ay, in Lake
Huron, to Lake Omtario, and thence to Montreal by low-grade railways and by water,
at an insignificant cost, compared with that of existing trunk lines to New York and
their collateral lines-the difference is brought out in very bold relief.
"The region between Georgian Bay and Ontario and the upper St. Lawrence would

be a solid belt of manufacturing country. As great power can be created here, all
under absolute control, as capital may care to make-as great as that of Niagara, if
every foot, too, of that great cascade could be utilized. Trhe difference in tile levels
of Michigan, Superior, and Huron lakes and that of Ontario is the stored-uip dynamic
force of that part of the transcontinental line-just as the coal in the southern inoun-
tains is the reducing force of that region
"The level lands and the Mississippi River will give cheap competing rail and

water carrying facilities for the current of trade that must change toward the South
when the Isthmian Canal is completed.
"Year by year America's trade with Europe will decrease in relative importance,

for the reason that as the breadlstuffs market is taken tip byv competing countries
American and European surplus products will assume, a similarity, and competition
for markets will take the place of exchange of products.
"The third great region is around St. Louis. The rich soil of all surrounding

States, the coa fields of Illinois and Missouri, and iron and other minerals of Mlis-
souri, Arkansas, and Oklahoma, the great forest wealth, and the great waterways are
the principal factors."

* * * * * * *

Under the provisions of act of February 21, 1891, all agents of vessels navigating
waterways under federal impmovement are required to furnish statements of their
cargoes, etc., to the ]United States engineer officer ir. local charge of such imp)rove-
ments. From such statements the Mississippi River Commission has been able to
compile totals of each year's commerce, whIch are fairly complete so far as concerns
the river from St. Louis to New Orleans. Such statistics, put into tabular form as
below and also put into graphic form as by attached chart, show the amount and move-
ment of river commerce from St. Louis to Cairo for the calendar year of 1907. The
commerce of 1908, though not as yet completely compiled, will shov results much
the same as those of 1907, although on the whole the receipts and shipments have
been somewhat less.



EXHIBIT Nio. 17a.-Tonnage and traffic of the Mississippi River, St. Louis, Mo., to New Orleans, La., calendar year 1907.7

Receipts and deliveries at principal ports and way stations.

Lower Mississippi, St. Louis to New
Orleans.

DOWNSTREAM.

Received at St. Louis.................
Received between St. Louis and Cairo.
Discharged between St. Louis and Cairo_..
Discharged at Cairo.............-...
Received at Cairo ..................
Received between Cairo and Memphis ....
Discharged between Cairo and Memphis. . .
Discharged at Memphis ................
Received at Memphis .................
Received betweenMemphis and Vicksburg.
Discharged between Memphis and Vicks-
burg.. I...............................

Discharged at Vlcksburg...............
Received at Vicksburg..............
Received batwen Vicksburg and New

Orleans ....... ....
Discharged between Vicksburg and New
Orleans.

Discharged at New Orleans.....

UPSTRZ .

Received at New Orleans............
Received between New Orleans and Vicks-
burg..........................

Discharged between New Orleans and
Vicksburg ..............................

Discharged at Vicksburg.....
Received at Vlcksburg..-----------------
Received between Vlcksburgand Memphis.
Discharged between Vicksburg and Mem.

Discharged atMesphis.
Received at Memphis ..................

Total
num betr

sengers
received
and dis-
charged.

21,251
2,98.119,>;1
3, 663
4,324
8,756
3,5,6

1* ,6.st;
36 408

55,814
8,647
7,987

11, 731

16,251
3, 642

5,707

16,645

13,460
8, 1192
8,268
48,061

32,963
2:3,366
'',626

Grain
and its
products.

Cotton.

'ons- - -To-.
2,782 !..........
10,392 ...

11;'9s ..........
...............

1,000 10,337
1,0(0..........0
- - - -- 10, 337
13,094 ..........
3,594 11,811

16,688 5,17,1
... .. 1, 795J>

410* 41 3

19,254 29,562

18, 894

6, 98s9 1,,
1 79!

7,068
,I..........

3,946
1,303
5,209

40

Cotton
seed.

Tons.
..........
..........
..........
..........

8,201
1,602
6,599

40
8,534

4} 050

.I126,458
1: 467 2,170
33'423 27, 038

3.370 43,034

2,489 11,206
kil,I 'A I RI
54 !.

25,913

9,409
16,558

'534 1

......

15,632

7,288
8,344

Live Coal Lme
stock. and coke..

Tons. Tonm. Tons.
319 10-):,26
374 ---------- 78
540 --------- 214
153j 10 90

.......... 1,067,154.
-.........-4i000 8,292
.......... - , 95 8..........

--- - -i4 205.5s5 8, 992
2,196 24,070 1,952
2,173 10,520 573

4,301 35,1 9 2,55
IS ,24340 -.........

520.732

762 52,200 21. 712

1,130 116,200 1,1;19
202 747,500 21,325

402

600

1,002
.........

102
3, 125
1,955
1,272

300

200

500
--..- - ---1

15

65
. . . .. . .. ...........

8,432

13,302

724
.........

1,840
121,012

337
15,933

Logs.

Tons.
3.5

19, 0OO
6,00

14,175

1,,980
37,000
133,980

218,00

153, 00065 000

167,007

87,007
80,000

19,800

5,000
1----------

20, 200
79, 795

Iron,.
steel, and
metals.

Tons.
709

.........-

444
265

27,938

6.G
9,290
2,7741

3,374
4,754,

450

500
12,926

2,125

200

2,325
...........

323
367

572
11S

86,749 ..........

29,497 ......-.

112,636 ..
--- ---- I--1--- -- -- -

47 1--.--------
89 !..........

3,610 .........

Oil.

Tons.
.3.1

78
5
---I

......i...

G4
1681
525
7

19 1.

101, 497

70,028
31,4SS

Stone,
gravel,
and
sand.

Tons.
...... ......,,

1.000i
1,000

...........

14,200
1. 000o
1,000
i;600
10,0601

878,2949

791,154 j
100,000
---------1

13s, 351

3,200
144,951I

Grocer-
ies and
provi-
sions.

Tons.
3.485

..........
2,730
755

..... ...............
2,940

14, 909
304

3,124

43,510

15,290
31,374

27,191

500

22,052
..........

4,372
2,422
9,715
201

'-3

cI~t

0

0

i'-

S

0

0

TrUnclassi-
fied and
iniscel-

I laneous.

TorW.
34,863
3, 238
17,250
4,301
11,889
5,702
16,730
15,347
21,510
4,123

25,124
279

9,157

96,952

21,824
86,579

15,802

14,894

30,473
100

3,363
9,174

7,928
4,732
13,013

Co

'

9.869604064

Table: Exhibit No. 17a.--Tonnage and traffic of the Mississippi River, St. Louis, Mo., to New Orleans, La., calendar year 1907
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Received between Memphis and Cairo....
Discharged between Memphis and Cairo.. .
Discharged at Cairo .......................
Received at Cairo ................. . .....
Received between Cairo and St. Louis_....
Discharged between Cairo and St. Louis.. .
Discharged at St. Louls......

3,450
.3, 643
A, =
3,943
8,138
1,485

18,891

3,193 1,037 1,075 I ..........._ 35 589 18 ........ !..........89 3e 32...' 5,7219 98 ..... ............ .......... 11,00,.,,,,,,, ,,,,,5,,748z13...161,718 231,389 ... 2,517 ................ 38,43775 542 201 23,156....... 195 ...................195.2,5338,161 .......... ....j 10,114 ....... 257
-------300' 4 .......... 9,148

44:D- -----, .......... ...28........ .. .............. 25 ..........

975794 1 252260 10,354 I fr,.3' --4,876 39,000 L 4 15,877.5(l,24.,87,6 ;39'X704 ----------

C0
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EXHuBIr No. 18.-Missiseippi River ferry traffu between St. Louis, Mo., and New
Orleans, La., calendar year 1907.

Location of ferries
fers.

and tran9-

At St. Louis, Mo..............
At Chester, Ill., Cape Girar-
deau, Mo., and Commerce,
Mo..........................

At Cairo Ill., to Birds Point
Mo., XVickliffe, Ky, an(d
Greenville, Mo.; at Bofinont,
Mo., to Columbus, Ky.; at
HiaIes Point, 'renn., to
Wrights Point, Ark .........

At Meomephis, Tenn., to Hope-
field and Mound City, Ark. ..

At Helena Ark., Arkansas
City, Ar., and Ashport,
'Ienu......................

At Vicksburg, Miss., to Delta
Point, La................

At Natchez, Miss., Baton
Rouge, La., and Donaldson-
ville, La....................

At New Orleans, La..........

Location of ferries and trans-
fers.

At St. Louis, Mo..............
At Chester, Ill., Cape Glrur-
doau, Mo., and Conunerce,
Mo..........................

At Cairo, Ill., to Birds Point
Mo., Wickliffo, Ky and
Greenville, Mo.; at Belmont,
MIo., to Columbus, Ky.; at
Hales Point, 'Penn., to
lVrights Point, Ark.........

At Memphis, 'Penn., to Iope-
field and Mound City, Ark...

At Heleina Ark., Arkansas
City, Ar., and Ashport,
'lenn .......................

At Vlcksburg, Miss., to Delta
Point, L,a............

At Natchez, Miss., B~aton
Rouge, La., andI Donaldson-
ville, La...................

At New Orlenwas, La..........

N umber
of pas-
sengers.

1,204,404

53,870

116,611
120,230

63,739
87, 564

309,084
4,009,282

Tonnage of freight carried.

Grain
and Its
prod-
ucts.

952, 128

1,

Cotton- I
seed ILive Coal andLubrLg.

Cotton. and it stoek. coke. LmbrLgsprod-
uMti.

44,834 20 9,5161 2,798,591

165 ........ .... 37,144

111,800

30,695

6,255
6,168

346
14,700

5,457

.......

15,243 6,393
404,107 140,864

1,921
3,660

2,376
245

60
167,841

3,397

6,880

490

442

1,482
11,860

500

16,162
11,610

24,225

31, 274

4,283
227,456

574,996 6,151

56 200

168,9 87,376

28,050 2, 730

14,802 122

8,641 ......

4,001 .......
407,126 .......

'ronnage of freight carried.

Iron, steel,
and

metals.
Groceries
and pro-
visions.

475,837 8,640

16,099
5,356

443
22,865

143
118,493

Oil.

20,944

1,185 1....

27,93
20,475

9,842
1,071

950
179,875

168
11,940

1,067

1,411

........

Stone,
gravel, and

sand.

1,010,853

1,100

776
429,027

............

1,147

............
21, 998

Miscella-
neous and
unclassi-

fied.

3,032,870

2,300

113,699
87,710

10,763
439,749

25,712
1,469,342

Total.

8,935,390

43,710

631,6
052,832

76,832
o13,033

57,2673!,198,382

NOTE.-Owving to deficiency and inaccessibility of records of some transportation companies consider-
able tonnage which should appear under classified heads above has to be included with "Miscellaneous
Lad unclassified."

--

9.869604064

Table: Exhibit No. 18.--Mississippi River ferry traffic between St. Louis, Mo., and New Orleans, La., calendar year 1907
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ExrniIrT No. 19.--Receipts and shipments at the port of St. Louis, calenldar year 1907.

Receipts and shipments, In tons.

Number
of pas- Graiir Cotton
sengers. and it's Cotton. seed Live Coal and i umber.

rodtcts. and its stock. coke.
products.

Lower Mississippi River. 42,167 10,576 1,522 260 10,673 100,360 25,101
Upper Mississippi River. 50,735 0,218 ... 7,018 .. 4,084MIIssoiuri River.6,776 2,928 ... 346 .......... 132
IllinoisRiver. 5,925 2,194 44 ........ 6,510 .......... 811

'T'otal.. I10,603 24, 916 1, 51)I 260 24,547 1660.360 30,128
. __=

Receipts and shipimients, in tons.

Iron,teciGroceries Unciassi.Logs. and stetals. and pro- Oil. fli~d 011(1 Total
aogS|nlrtodtrlans.dm|tinscella- tonnage.visions. ~ nous

Lower Mississippi River ........ 39, 375 739 4,355 87 50,740 309, 788
Upper Mississippi River........ 1,500 269 4,8999.. 16,160 43, 448
Missouri River ........ ... 98 359 .. 2,241 f ,10.1
Illinois River........... . 85 1,610 .. 5,229 10,513

'T'otal .............40.40, S75 1,1911 1I.253 87 74,670 375,853

a '1'lie S team boat-Ins;pection Service reports 464,259 passengers carriedl in local excursion traffic.
NOTE.-ThiS table was cominpiled from reports of the Mterchants' Exchango of St. Louis and fronm records

in the office of the secretary of thu Mississippi River Commission.

These tables, especially the graphical table (Exhibit No. 17), show very clearly the
comparatively small amount of tonnaage carried by the Mississippi River between
St. Louis and New Orleans; especially small if omittinlg the coal which comes out of
the Ohio River on barges of liglht draft.

Starting at St. louis and proceeding downstream, it will be seen that the average
load from St. Louis to Cairo by water is oiliy about 80,000 tons, of mixed character.
At Cairo, about 1,240,000 tons of coal come into the river, of which about 1,070,000
tons go downstream, about 200,000 toIls being dropped off at Memiiphis and ,about
120,000 tons more being droI)l)ed off at various points in smliall quantities l)etweenl
Cairo and New .Orleans, leaving about 750,000 tons delivered at New Orleanms. At
various points along the river below Memphis and Vicksburg small quantities of coal
come aboard from local mines or storehouses for use either on local steamlboats or
distribution to local landings in the neighborhood of the points of shipment. B3et.ween
Cairo and Memphis about 170,000 tons of logs an(l lumber are picke(l up by the boats
$cs delivery mainly at AMempIhis. Below Memphis, about 900,000 tons of sand and
gravel and about 220,000 tons of logs and lumber are taken on board( for delivery, mainly
at points between Memphis and Vicksburg. Below Vicksburg9, about 190,000 tonls of
logs and lumber, 150,000 tons of sand and gravel 100,000 toIls of oil, and 60,000 tons of
cotton and cotton saeed are taken up at various points for delivery, mainly at New
Orleans. Outside of the above the freight is insignificant. The average through
freight from Cairo to New Orleans is less than 900,000 tons of coal, and less than 400,000
tons of all other freights.

Tile return freights between New Orleans and St. Louis by water comprise about
100,000 tons of oil taken on at New Orleans and delivered between there and Vicks-
burg, about 60,000 tons of cotton and cotton seed taken on above New Orleans and
delivered between there and Vicksburg. Above Vicksburg, about 160,000 tons of
logs, 140,000 tons of lumber an(l about 10,000 tons of cotton and cotton seed are taken
on board for delivery, mainfy at points between Mlemphis and Cairo, inclusive.. Above
Memphis, about 200 000 tons of logs and about 160,000 tons of lumber come aboard for
delivery, mainly at dairo, although about 40,000 tons of logs and 30,000 tons of lumber
go through to St. Louis. At Cairo, out of the coal received from the Ohio 1i ver, about

9.869604064

Table: Exhibit No. 19.--Receipts and shipments at the port of St. Louis, calendar year 1907
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170,000 tons go upstream to St. Louis. The average upstream, travel from New
Orleans to St. Louis is only about 300,000 tons, mainly lumber, logs, and coal.
The passenger travel, both downstream and upstream, is small, except locally

between Memphis and Vicksburg, where it amounts to about 60,000 either way.
The coal logs, lumber, sand, and gravel are all most advantageously earned on

light-draft barges, such as those at present used on the Ohio River. Once that this
material has been loaded on the barge moving downstream the cost of transportation
will be much less per mile by barge than it will by heavy-draft packet boat, if the cost
of the upstream travel of the boat-to receive the goods be taken into account.
There are no longer any through passenger or packet boats from St. Louis to New

Orleans. All through freights (except on barges) must usually be transferred from
packet to packet at Memphis and Vicksburg. In the same way passenger or packet
boats from New Orleans rarely go up the Mississippi above Vicksburg, where freight
must be transferred. Occasionally a few passenger boats make the through trip
upstream or down for the benefit of excursionists, as at Mardi Gras, but only a few
times per year.

EXHIBIT No. 20..--Freight shipments, fississippi River system., for 1889 and 1906.

[Arranged by rivers, as reported in 1908 by Department of Commerce and Labor.]

U paper Mississippi....
Illinois River.........
Missouri River.......
Other tributaries
above St. Louis... .1

Total upper
river system..

Ohio River system...
Lower Mississippi
system. .........

Total Missis-
sippi system.

Total upper
and lower
systems......

Details of system
Lower Mississippi
River:
Arkansas.........
Ouachita and
Blaok, La .....

Red............White...
Yazoo............
Black, Ark.......
Lower Missis-
sippi proper....

Other tributaries
below Cairo....

0n0.

Self-propellers.

Tons.
153,932
32,764
84,790

1,876

273,362
1,246,437

835,687

- 2,355,386

1, 108,049

23,176

18,125
14,147
25,433
52,751

23

693,618
8,417

Per ct.
25.8
31.0
8.2

9.7

15.5
8.2

32.8

12.1

25.6

92.7

72.1
98.1
57.9
48.7

.1

32.0
8.0

-l

Barges and tows. Total.

Tomu. Per ct. TonW.
441,953 74.2 595,885
73,062 69.0 105,826
952,269 91.8 1,037,059

17,455 90.3 19,331

1,484,739
13,980,368

1,710,600

17,175,707

3,195,339

1,819

7,011
270

18, 600
65,606
20,036

1,476,065

132,293

84.6 1 1,758,101
91.8 15,226,805

67.2 2,546,187

87.9 19,531,093

74. 4

7.3

27.9
1.9

42.1
51.3
99.9

68.0

9K0

4,304,288

24,994

25,136
14,417
43,933
108,357
20,059

2,168,5681

140,710

1889.

rotal.

Tons.
3,947,364

180,264
[ 2,132,820

Change since
1889.

Gain.

Per ct.
........
........

........

6,260,448 ........
15,796,968 ........

12, 492,53 1. ..

1,862,717

93, 707
105,145
86,393
77,380

........

........

........i

4,206,745 ........

Loss.

Per et.
85
41

42

72
3

28, 289,5603 ..... 31
_1 .. .

85

13
86
49

I-7-

6,232,087 591-------_--

I--

9.869604064

Table: Exhibit No. 20.--Freight shipments, Mississippi River system, for 1889 and 1906
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Exrn rr No. 21.--River commerce, lower Mississippi River, St. Louis to New Orleans,
1906, as comflpared t1 rest of United States, and to 1889 as reported in 1908 by the Depart-
ment of Conmmerce an(d Labor (Census Bureau).

Freight shipmlelnflts.

Waterway systems. hroosl.ia rs
Self-pro- Barges _ -__ _ work.
pellers. and tows. 11ivervalone111ver an(dRivera~oue. arbor.

Lower Mississippi system:
1906....................tons.. 835,587 1,710,600 2, 546,187 4,900,241 6,926, 616
1889....................do.?).(?) 6,232,087
Ganin since 1889............percen t ? )...........?)?
Loss since 18 ..............do.... ?) ? 59

Wholo Mississijppi system:
190 ................... tons.. 2,355,386 17,175,707 19,531,03 27,856,61 14,122,241
1839.................. ... (?) ( ?) 28,289,503 29,401,409 10,858,864
Oaln since 1889 .......... per c7E ? ........................ 30
Gosi since 1889...............p c(o.... 31 30......

Entire Ulniteud States:
1906 ...........tOlS. (?) (? 177,519,758 265,545, 804 366,825,663
1889.......... o(.) (? (?) 129,851,658 198,992.438
(laln since 1889 .......... per cent. (? ( 103 84
ILoss since 1881) ................)do....) ............. ...........

ExHIBIT No. 22.-Frciqhts at important harbors, Mississippi River, 1906, below St.
Louis, (as reported in 1908 by Departir:ent of Commerce and Labor (Census Bureau).

(Total of shipments and receipts and harbor work.]

Freights through and crossing. Total. River Harbor

Tons. Ton. Tom.
St. Lotlis, Mo ...................................................... 0 1, 712,983 743,981 969,002
Cairo, Ill ....................................................... a 261,839 247,239 14, 00
Memphis, Tonn .................................................... a 857, 308 662,308 195,000
Helena, Ark.60,43 60,463 ............
Greenville, Mlss.........s.. 178,519 89,519 89,000
Yazoo City, ISS............ /.27,130 27,130.
Vieksburt, MIss..........3,4................4 375,454 ..........
Nathe6.,f6ss...................................................... 56,966 6,96 ............
Little Rock, Art-.................................................... ? f,906 5,476 21,430
Pine hullf, Ark.................................................... 11,393 11,393 ...........
Monroe,ln.a.21,141 21,141 .......
Shreveport,La4,026 4,026 ......
Alexandria, La.6,147 6,147 .....
Baton Rouge, IAn ..................................... 57,908 16,508 42,400
New Orleans, L.a................................ a 1, 144,113 1,036,613 107, 00
All other ports.................... 3,838,691 2,93, 469 915,122

Total. 8,640,887 6,286,833 2,354,054

a )oes not. include freiglht ferried In raikway cars.

The tables of freight shipments for the entire Mimissippi River system showing
a comparison from 1889 to 1908 (Exhibit No. 20), while bringing out very plainly
the great and almost uniform loss in boat commerce since 1889 (the only gain being
that of the Yazoo River), shows that the least loss has been in the Ohio River Hystem,
where the low-water depths are the least, and where only from one-fouirth to one-half
of the year is available for boats of 8 to 9 feet draft. At the same time it shows that
while on the tributaries a large proportion of the freights are carried by packet oats,
the lower Mississippi carries over two-thirds and the Ohio River carries as much
as 92 per cent of its freights in barges and towil.:
The table of Missi sippi River commerce (Exhibit No. 21) aa compared with that

of the rest of the United States shows how rapidly, the Misissippi Rliver system has
been falling behind the United States as a whole; the Mismisippi having lost while
the whole tJnited States has doubled.

9.869604064

Table: Exhibit No. 21.--River commerce, lower Mississippi River, St. Louis to New Orleans, 1906, as compared to rest of United States, and to 1889 as reported in 1908 by the Department of Commerce and Labor (Census Bureau)
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The table of freights of important harbors on the lower river exhibitt No. 22) brings
out plainly the large amount of local work in the river (as compared with through
freigluits. XIn order to reconcile this table with the previous table, it must be borlne0
in nmind that all freightsq are counted twice, once for Shi)illenet and again for delivery.
As bridges are built across the Mississippi the importance of ferry tlrnflic diminishes.

The river below St. Louis is at present crossed only by two bridges, one at Thebes
andi the other at Memphis.

Freight and pa-sseniger cars are ferried across the Mississippi River below St. Louis
at eleven points, viz, from Ivory, Mo., to East Ivory, Ill.; Moro, Ill., to Little Rock
Landing, Mo.; C'airo, Ill., to flird Point, Mo Colunmbus, Ky., to Belmont, Mo.;
MIcnlls, Tl'enln., to Hlopefieldl, Ark.; hlelena, Ark., to Trotters Point, Miss.; Vicks-
burg, Miss., to Delta Point, La.; Natchez, Miss., to Vidalia, La.; Water Valley,
mouth of Iled liver, La., to Angola, Miss.; New Orleans to Gouldeboro, La.; New
Orleans to Alyiers, La.
The grain traffic of the Mississippi River has for several years decreased very heavily,

having lost about 78 per cent since 1889; the decrease on the upper Mlississippi being
about 60 per cent and that oln the lower Mississippi about 96 per cent. lhe latter
decrease is due to tho fact that the cost of the boat transportation from St. Louis to
New Ordlens, added to the extra cost of ocean transportation from New Orleans to
Europe, is to-day (1907-8) greater than the rail charges from St. Louis to New York,
plus ocean carriage New York to Euro)e.

Coal, sand, stone, etc., constituted ill 1906 about 87 per cent of all barge freight,
being about 86 per cent on the upper Mississippi, 92 per cent on the Ohio, and 47 per
cent on the lower Mississippi. Next to coal, the chief commodity is sand in short
hauls, often entirely within a single harbor.
Ranked by the quantity of rivc; freight handled, New Orleans is third,-St. Louis

is fourth NMeImlphis is fifth, Ka.nsas City is seventh, Vicksblurg is eighth, and Cairo
is ninth inl the Mississippi Valley; Pittsburg, Cincinnati, and Louisville on the Ohio
River holding the first, second, and fifth places.
While New Orleans is the second most important commercial port of the United

States for foreign commerce, its geographicallocation, combinled with small density-
of Population in the adjoining States, and its good railroad connections, renders its
good inland water connections of comparatively little usefulnessat the present time,
except as a safeguard against any serious increase of railroad freight rates or decrease
of good railroad service. New Orleans with a population of about 290,000, about 106
miles inland from the Gulf, and having wide channel approaches of over 26 feet depth
at low water and with a total export and import trade of about 3,500,000 tons in 1908,
0e11(18 much less than 6 per cent of this up the valley by water and receives much leo
than 40 per cent from the valley by water; the downstream receipts having been only
about 1,110,000 tons (about two-thirdr being coal) and the upstream Bhipments having
been only about 160,00 tons (mainly 1 and cotton seed) although the firt 132 miles
of river tip to Baton Houge has a channel of several hundred feet width and over 30
feet depth-large enough for all ocean vessels reaching New Orleans. In contrast
to this Iamburg, Germany, a city of about 8050,000 population, on the Elbe, about
160 miles above its mouth, and having channel approaches limited to 650 feet width
and 26 feet depth at low water, with an import trade of about 11,0001000 tons, sends
over 8,000,000 (73 per cent) into the interior over about 7,500 miles of rivers and canals
of less than 8 feet draft; and Antwcrp, Belgiuim, a city of about 400,000 population,
oin the Scheldt, about 55 miles above its mouth, and having channel approaches with
less width buat about the same depth as New Orleans,"With an import tonnage of about
9,400,000 tons, sends over 7,600,000 tons (80 per cent) into the interior through 1,200
miles of Belgian rivers and canals of less than 10 feet depth; receiving from the canals
in return twice as much freight as from the railroads.

Exhibits Nos. 23 to 33, furnished by the business interests of St. Louis, give in
detail the freight receipts and shipments of St. Louis both by water and by rail, and
the extent of its foreign trade, which it hopes to develop by the aid of the improved
Mississippi River and the future Panama Canal.
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IEXHIBIT No. 23.-Extractfrom the report of the St. Lousi Merchants' Elxchange for 1908.

RAIL AND RIVER TONNAGE.

HTA'rEMENT GllOWING THE AMOUNT OF FRETGir, IN TONS, RECHIVED AT ST. L.OU1S 13Y
EACH RAILROAD AND RIVHR, FOR THREE, YEARS.

Route.

Chicago and Alton R. R. (Missouri division)......................
Missouri Pacel", It. I..............................................
St. Louis and San Francisco R. R..................................
WVabash Railway (west) ...........................................
Chicago, Rook Island aend Pacific It. R .............................
Missouri, Kansas anwd exas Ri. R..................................
St. Louis-Southwestorn Ily........................................
St. Iouis, Iron Mountain and Southern It. R.......................
Illinois Contral R. R ..............................................
Louilsville and Neshville R. R.....................................
Mobile and Ohio R. R.............................................
Southern ILt. R
Baltimore and Ohio Southwestern R. RI...........................
Chicago, Alton and St. L1ou1is (11lailn line).........................Cleveland Cinoinnati, Chicago aind St. ],ouis It. R ...............
Vandalia h. R....................................................
Wabfish Railroad (east) ...........................................
Toledo, St. Louis an(i Western RL. R...............................
Chicago, Peoria an(i St. :Lobis It.R..
Chicago, Burlington and Quinloy It. It. (east).......................
Chzicago, Burlington and Quincy It. R. (wesl) .....................
Chicagto and~ Easternl Illinols R. R..................................
St. Louis! Troy an(1 EasternmR. It..................................
I~itelhtlel~d and Madison R.It.......................................
Be1'eville and Southern R. it......................................
St. Louis and Belleville Electric fly................................
St. Louis and O'Fallon fly.........................................
I.'ast St. Louis and SuburbanlRy. Co...............................
IllinoisTrraction Svstem ..........................................
I i)per M1 Ississi)pilRliver............................................
I,ower Milssissippi River............................................
Illinois River...........

Missourl River

Ohio River.....................................................
Cumberland and TcenIIess(e rivers... : .

tipper Mississippi ltriver by rafts ...................................

Total in tons.................................................
Total by rail.................................................
Total by river................................................

1908. 1907. 1906.

232,054 204,990 265,541
1,927,711 2,187,525 2,139,740
1,202,009 1,3S6,042 1,278,413

38:9,184 575, 465 8m5,U600
267,627 312,381 250,762
405,398 462,237 450,785
562,628 565,063 618,569

2,704,703 3,'623,010 3,083J,056
1,938 113 2,396,095 2,089,457
737,628 892,199 1,154,9S3

1,728,572' 2,444,738 2,363,346
89.1,951 1,734,889 1,186,112

1,264,625 1,5602,165 1,436,622
414,112 430, 124 421,082
562,523 627,075 668,124

1,182,791 1,557,427 1,168,039
1,113,133 1,343,041 1,107,605
445,739 688 078 772,828
378,244 443 578 543, 729
504,738 85), 759 633,049

1,279,223 1,557,916 1,577,673
271,265 343,057 267,893
938,406 956,955 879,400
498,046 704,634 604,145

............ 4,595 21,712
224,081 284,643 378,6S3
816,713 93.5,086 957,088
243,831 4041,252 305,222

874 1,076 6,3359
19,245 21,440 31,140
70,16f5 91,325 106,670
YJ475 9,116 14,550
4,365 3,655 2 4835

185,100 155,470 160,120(
4,830 S,570 I 0 s

............ ..... ......., _ _ _1,77

23,871,102 29,44-5,669 27,620 , 287
23,577,922 1 29,1.569 1 27,292,617

293,180 2 .s9,57 :327.67,

9.869604064

Table: Exhibit No. 23.--Extract from the report of the St. Louis Merchants' Exchange for 1908
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Exniiri'r No. 24.-Extractftron the report of the St. Louis Aferchants' Exchange for 1908.

RAIL AND RIVER TONNAGE.

STATEMIENT SHOWING THE ANMOUNT OF FIREIGHIT, IN TONS, SHIIPPEI) FI4OM ST. LOUIJIS BsY
EAChI RAILROAD AND RIVER FOR THTIREE YEAIRS.

Route. 1908. 1907. 1906.

Chicago and Alton R. R . (Mfissouri (di vision)....................... 312,705 254,892 320,480
Missouri Pacific R. It .............................................. 1,191,284 1,4i38, 119 1,458,990
St. Iouis and San Francisco It. il ............... ................... 1, 113,638 1, 338,270 1,362,503
Wabash Railway (West)....................... ......... 598, 355 354, 836 616 893
Chicago, Rock Island and acifle1i .c t.. ....216, ¶118 266, 479 200, 228
Missouri. Kansas and rexas it. it ......... ......................... 386,72O5 586. 956 402,293
St. Louils Southliwes(ern Ry ... 188,204 263,716 173,541
St. Louiss. Iron Mountain and Southern It ..l.. 1,910,369 2,351,617 2, 322,626
Illinois Central it. It .. 1,263,855 1,617,972 1,2S6,318
Louisville and Nashville It. R .. 530,757 576,168 552,876
Mobile anid Ohio R. R ................-. ...................... ..... 1, 266, {S87 1,549, 621 1, 395, 4
Southern It. t . ............... .................... 965,128 1,420 585 1,262,695
Baltintoro and Ohio Southwestern R. R ................. 421,263 40'2 7(766 381,914
Chica o, Alton and St. Louis It. R. (main line)..................... 498,459 553,247 487,323Cleveland, Cincinnati, Chicago and St. Louis It. It................. 495,708 553,408 6O,777
Vandalla It. It ................................................... 818,687 845,6362 672, 6&5
Wabash Rallway (East) .............. 911,077 1,055,110 1,200,413
'T'oledo, St, 1,ouls and Western R. It.........................440, 426 615,076 623,522
Chicago, Peoria ailu! St. Loulis It ........ 3.4, 841 38t9, 752 519,755
Chicago, Burlingtori uid Quincy It. It. (East)..705,416 797,772 629,259'hcg , Buringtlon qndl Quilncy It . It . (W\\est ) .......................... 783B6 1 OG35 1 0472ChicgB igor'n ~lc .P.(et .783,662 1,016,358 1,0224,721
Chicago and Eastern Illinois It. R.................................. 160,266 191,383 195,456
Litchfleld and Madison It.It.................................. 122,277 19,933 73,808
Illinois Traction System...................... 10,651 7,018 11,456
Upper Mississiopi Rtiver ......................................... 27,280 25,155 36,000
Lower Mississippi River ........................ 30,285 35,550 34,905
Illinois River.........I...........................................g 7,590 7,835Missouri River..5,320 3,095 3,55
Ohio,Cu3,0berlmjdand Tennesscerivers.3955 7,110 6,880

Total In tons.1........ 5,772,898 18,374,916 17,861,191
Total by rail........ 15,700,168 18,291 416 17, 772, 006
Total by river........ 72,740 78,500 89,185

9.869604064

Table: Exhibit No. 24.--Extract from the report of the St. Louis Merchants' Exchange for 1908
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ExHIBIT No. 25.-Extractfromn the report of the S1. Louis Mferchants' exchange for 1908.

SIHIPMENT'S [I' RIVERt DURING 1908.

Articles.

Apples.ba.Iarrels..
Ale and beer packages..
Bagging........ )ieces..
Barred wire...... pout(ls.
Butter.... do....
Bran.... sacks
Cattle.head..

Corn. sacks..

Cornmealbarrels..

Cottonl..... bales..

Eggs'..packages..
Flour...............ba.......... barrels.

.. tons..

lead..
`iogs.,lo.y gritsb...lrrrels.
Pork.(10....
Ifams... poiids..
Meats.(10....

Lard-d.. o

Mait.. sacks..

015t.........(l0....
Oats In hlk dboshels..
Onions....c: pnkages..
Potatoes do....
Rye.sacks..

Sheep lead..
Tallow ... ..... .......... .... ......... .. poundl~s .

Tobacco.................... Ilogsieads..
Tobacco, manufactured....................pn uo1(s1..
Wheat.sacks..

Whisky barrels..

Merchandise and sndries................ packages..

Total toils....................................

By
Illinois
River
boats.

135
41,030
245

63,500
.... ....

140
153

......~.15
515
25

388
25

,...........

5,500
12, 400

. .........

4,240

....... ...910

...........

. .........

......~....40
119,100
74, 010

By
it Issourl
River
boats.

....... ...
88, 100

.

..........

..........

...........

125
5

12

. .........
1,000

8, 900
500
40,5
...

100

3,00

.. . . . . .

.......... .

,...........

..........

9,400
65, 470)

6,90 5,320

DINyMiCii.
:hI~is and

Point
boats.

3, 430
29,200
2,300

232, 400)
20,360

;390
120

1,295
1,985

..........

4,305
35n'0

1, 453
4

1,040

15.3,
441, 100
291,800
5,260
11,910

.... ... ...

2,970
6f,215

..... .....

By Ten.
[lessee
River
boats.

75
%55

2, 225
20, 7()

380
6

1,090
2, 150

..........

.........
3,485

40
117

I.........500~
.........-66

50, 700
126, 100
71, 900

...... . ..
825

........6.

70
60

..........

By
u Il)O1r
, issls-
si l)piIt ver
boats.

720
12,345

700
113,400

2, 490
355

1,463
..........i

100
...........

35
1,066
2,322

10
. .......

7,800

22, 200
19,500
1,220

'255
,..........~

1,280

4,210
..........
, RM..........

................ ... ...... .

76,000 530 9,........ ... .......... ........

I1. 010 ..

724,600) 50, 6100 1, 31 4, .500
.552,600) 76,940 25S2,645

30, 2851 3, 955 27, 280

FxHiBrT No. 26.-Extract from the report of the St. Louis Merchants' Exchane for 1908.

BUSINESSOFTHE ST. LOUIS BRII)(1 AND) FERRhIES FOR 1908, AND) COMPARISON WITH
PREVIOUS YEARS.

AMOUNT OF FRERIHlT, IN TONS, TIANSFER1REI) ACItOSS THE RIVER AT ST. LOUIS D)UIIINO
1908, FROM ST. LOUIS TO EAST ST. LOUIS, VENICE, MADISON, AND CARONDELEET.

By- Cars.

The Eads Bridge 121,820
The Bads Bridfe bywagon estimatede) ........................... .........

The Merchants riridge e..................................... 89,072

The Wiggi ns Ferry .......................................... 46,409
The Wiggins Ferry, by wagon........................................ ...

The Ivory Ferry...........................................106,4
The Interstate Car Trransfer .......................................... 16,829)
The Madison County Ferry....................................................
it. Clair Ferry andl Transfer Co.................................................

Total tow West to East during

Ton

1,777,867
600,0O0

.....i......
877,552

2,16,013
............
............
............

I WSo...... . . . 1')7~~~~~. .. . . ... .. .. .. . . . .. . .

1903.- - --1 ... ..
1902....................
1 5 ( )........... ...... .......

...........................

190........... ............

1899........... .... ............
1898........................... ........

1. Total tons.

...i... ....

2,377,87
1,299,992

............

1,123,065
484,598
452,220
61,000
9,090

5, S0S,332
7,24,198
7,324,424
0,508,884
6, 526, 745
5,3 8462
5,630,766
5,377,208
5,425,044
4,814, 136
4,169,80

H. Doc. 60, 61-1--23*

____ - - l li

9.869604064
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354' WA'I'FIWY, S'r. LOUIS TO THlE OULF ANT) OfICAGO0.

EXHIIBIT No. 26.-Ertract from the report of the St. Louis Merchants' Exchange for
190S.-Conti 1lm110(.

IIUSIN NSSOF'1'111E S'. OIJ I8!; DlGSANI FERitIt1E,8 'FO11908, AND COM.ARIISON WITII
1PREVOIUS Y'EARS-Contlimed.

FROM EAST ST. LOUIS, CARONOELET, MADISON, AN) VENICE TO ST. LOUIS.

By-

The Ends Bridge ...................................................
The Eadis Bridpo, lby wagon estimatede) ..............................
'lho Merehalits Bridge ...............................................
'Puhn WigginsFerry.''llt' NYIig'iil'r t.................................................Thle Wiggiins Ferry, by wagon ........................................
'I'lie Ivory Ferry ......I...............................................'1'he Interstate Cnr Transfer..........................................

U.lO;11.11v2-s 0--f V-

St. ClairFierry andl 'Un

Total tons East I

Total both ways,

Cars.

148,870...............
108, 571
67, 402
33, .28
(,31

Tons.

3,679,985
800,000

............

1,710,315
230,351

............

............I- '~ ..CIU.......... ............. . . . . . . .

n 'if o._Iat s er ('o ............ . . . . . . . . . . ......... ............

to West during 1908. .

1907. ...* .....

1 906.. . . . . . .. . . . . . . .. . . . . ... .. .. .

1905 ...........

190 .............
190'21903...... .... ..... .......

19Nvl
Isto ......... ....... ..

18't8
190l~t8.. . . . . .. . . . . .. . . . . ........ . .......... ... . . . .

100U7 ........ . . . . .. . . . . . .. . . . . . .......... .... . .

1 K)'v .................. ........................ .......... ......... ...

MM0.. .. .. . ........... .. . ..... ....,,1 '0 ,~~~~~~.. . .......... ............

1!M 3.. . . . . .. . . . .. . . . . . . . . . . .......... ............

1911........... ...... ............

190........... ..... ............

19u ............ . . . . . . . . . . . . . . . ..... . . ............

Iwol........................... ........ ............

18.98.........................

1908.

Total tons.

4,479,985

2, 0,324
,940, 666

1,272,774
188, 175
60,044
18,633

10,616,601
13,063,128
10,929,224
9,663,892
9,641,764
9,638,096
8, 943, 160
7,933,660
6,416,096
6,659,621
5,984,633

17,424,933
20,304,328
18,253,648
16,162,776
15,048,60
14,9, 6568
14, 573,924
13, 310, 768
1, 840,140
11,473, 757
10, 144,342

ExHIBIr No. 27.-Extmrct front the Report of the St. Louis Merchants' E'xchange for 1908.

LOCAL AND TRITOUGl0 TONNAGE.

Total tolls freight received(, local...........................
Total toits freight receive(i, through.......................
Tons freighit received lby rail, local.........................
Tons freight recelvedi rail, through .....................
Tons freight, excIlding coal, recelve( by rail, local.........
Tons freight, excluding coal, receive(l by rail, throughl.....
Tons freight received b)y rail on east side, lWoal.............
Tons freight received by rail on east side, through .........
Tons freight, excluding coal, received by rail on east side,

local ..............................................
'rolls freight, excluding coal, received by rail on east side,
through .................

Tons freigl t received lby rail on west siie, local.
Tons freight received by rail on west side, through.........

1907. 190I .

Ttnj.
18,807,221
10, 38, 448
18,517,646
10,638, 448

9,080,265
12,692,842
7, 505, 632

5, 663, 448

6,947, 449
6, 824,804
3,132,816

Per cent.
63.87
36.13
63.61
36.49
65. 85
44.15
62.84
37. 18

48.78

51.22
66.03
34.97

Tofu.
18,691, 13
7,179,949
16,397,973
7, 179,949

10, 292, 879
6, 105,052

11, 168,717
4,826,841

6, 063,623

3,751,94
6,229,266
2,353,108

Per cew*.
69.92
30.08
69.56
30. 45
62.77
37.23
69.82
30.18

67.44

42.56
68.97
31.03

__ ____

9.869604064
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WA'1'TI{WAY, ST. LOUIS TO T11E (ULF A NI) CHICAGO. 3

EXiixnrr No. 28.

AMOUNT OF COAI, RECFIVE) IN ST. LOUIS,

Route. 1908. 1907. 19065

T| n.. Tons. Ton-s. Tonm.
B3altiinore adi Ohlo Southwestern it. 1 ............... 913,2.2. 1, S1,8, 55 II5,111 606, 641
Cleveland, Cincinnati, Chicago and St. ILouis R. 89),315 68, 280 75,885 166,165
Vandalla It It ......................................... 006, 7 70 738, W2 554,991 655, 154
Illinois Cenlral It. It ...................................H 9J21,220 970, 436 982,578 881,874
Walshmll It . .H..... 39!, I II 371, 084 279, (9 3!21,227
LouIsville and Nash.ville Ht. 2H729, 0,QA; 387,353 580,S)238 49.15, 6952
Southern It. It ......................................... S 1, I I, 101,S32 773,528 789,994
Mobile and Ohio It.It................................. ...... . 1s88,929101,471 140,606
'T'oledo, St. Louis and W'esleru It. It ................... 88 ,4137 8.1, 749 51,414 59,942
St. Louis and O'F'allon It 1.............f,713 9;3;;, 086 93,, 0S6 541, 591
St. Louis, Iron Mountain and Southern R. H. ( Illlois

DivIsion)..... 425, 860 .105, ISO 141,0(06 209, 195
St. 1.ouis, Belleville and Southern Ht.It 4.,595 21,712 38,641
St. Louis, 'T'roy and 14Elastern IH. Ht..................... 992, 746 16,1.,623 870,801 922,204
St. Louis and(l Beilevllhe Electric Ht. Ht ...... 201,362 25','08 339,,215 370,006
hicago anl Easterin Illinois It. It ...... ............... 1 1,477 11S, 738 131, 720 122,657

Litchfliedl( anid Mindisoul It. It .......................... 491,452 699,195 5U2, 602 460, 126
East St. Louis anti Suburl)ban I. Ht.................... 140,897 397,942 303,352 120,220
From Oblo River...................................... I\5s, 6I(3 155,470 lO,0, 120 125, 755

Total tos....................................... 7, 365,091 8,713,047 7,795,839 7,0'27,950

RECEIPrS OF AN'T'IMIACI'I,, COAL INCLIUDED IN A13OVE RECEIPrS.

'Tolo . Tons.
I84.S!) 180,494 1902. 60,944
1S950.................................... 207,784 19031.5,920
189 .................... .................... 21-8, 955 1904.155, ()7
!7..................."97...................... 172,9833 19.. 158,843

l893 ........................................ 2256036 190.17.1,226
1809....................................... .92,118 1907.20.5,571
1.,)..18(ISO,550 1908.23..0.,0
101.200,797

10CAI, A NDI) ROUOH RECErTIMS OF ANTIII(ACITEI ('(IAIL.

_o ______................................................................................................. 193, .. . _2_
Tlonls, 'FIlS,I)}

_____________________- ___ __ _________
lalt___ hro

|-- _ _

901 ................................................ .19.3,073 7,924
190................................................. 1 58,319 2,595sv ,

1,8 M .5-, 7,6tCKY2|5
,,.,,, .................................... I.~ 12 1 8,4(-,01
19(6 ...................................................

..........................................................
1; 1S3'95 1 01M

1907 .............................................................................. 19,817 15, 9.34
1'... '207,704 28,272

RECEIPTS OF COKE.

'r1o's. Tons.
1902.163,600 1906........ 328,400
.903.205 ,103 1907. 371,880
1904.171,12 1908.162,280
1905.22.2,,3Q6

{\ FS t

9.869604064
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356 WATERWAY, ST. LOUIS TO THE GULF AND OHICAGO.

EXHI13IT No. 29.--Extract froni the report of the St. Lous Mferchanta' Exchangefor 1908.
THE RIVERS.

The river traffic of 1908 about held its own, with slightly larger receipts and a small
decrease in shipments. The business of the upper river was fairly satisfactory, espe-
cially in passengers, while on the lower rivers there was a decline in both passengers
and freight.

106. 1907. 1908.

Tons received by steamboats and barges.................................. 325,900 289,575 293, 180
'lons received by rafts.................,,.,.,... 1,770 ............
Tons shipped by steamboats and barges.................................. 89,158 78, 500 72, ii6
Tot.l. 416, 5 368,075 365,920

The upper river traffic closed November 1, except for the Alton and Illinois River
packets, which continued their trilps till the middle of December. Navigation south-
ward ceased on D)ecember 22, on account of low stage of water. On January 6 the
first ice formed, and on the 12th the river was frozen over at Alton. Navigation was
suspended entirely during January, on account of running ice and low water, and
was not resumed until Februnary 5.
There was a good stage of water out to Cairo during the season of navigation, the

least depth on bars being 6 to 7 feet from August 1 to the close of the year.
Mr. Isaac P. Lusk, general freight and passenger agent of the Diamond Jo Line,

makes the following report of the upper river traffic:
Notwithstanding the commercial depression extending over the country from the

effects of the panic of 1907, our freight and passenger business for 1908 was very good,
and showed somewhat of an increase in the passenger business over the previous
year.
The large side-wheel steamers St. Paul and Quincy, each accommodating :300 first-

class passengers, were in service between St. Louis, M6., and St. Paul, AMinn., from
June until the middle of September.
The steamiers Sidney and D ubtuque were in service between St. Louis and B1urling-

ton and Davenport from April 10 to November 1.
Our service, both to St. Paul and to Keokuk and Burlington, was discontinued

early in the season on account of low water, although there was a very fair stage of
water in the upper Mississippi River until about the 1st of Se member.
With the improvement of the upper Mlississippi River tViere would be a large

increase in the freight traffic, for frequently this last season, by refusing heavy freight
shipments, we could run our steamers through to St. Paul and take care of the pas-
senger traffic, but on account of low water our earnings from freight were materially
decreased.

All of the local packets running-short distances on the upper Mississippi River
report a good business for 1908.

Mr. John E. Massengale, traffic manager of the St. Louis and Tennessee River
Packet Company, gives the following statement of the Tennessee River business:
Regarding our Tennessee River business for the year 1908, beg to say that wve felt

the panic to an extent during the greater part of the year, as the decline oln lumber
and other products of the forest stopped a great inany mills, and thus curtailed its
movement, but we found no material change in the movement of products of the farm.
Tennessee Valley, as a rule, made a good crop of cotton, tobacco, and peanuts. Our
movement of merchandise and provisions from St. Louis and other cities serving that
territory was about normal.. We were not able to run as many steamboats during the
season aM we have in the past, but our business was very good, and the year winds up
satisfactorily.

Capt. D. M. Conners, superintendent and general agent of the Lee Line 3teanmers,
running to Memphis, reports as follows:

I am sorry to say that both the passenger and freight businrs for 1908 wam the light-
est that the Lee Line has experienced since in the St. Louis and Memphis trade. bur
outbound fell short one-third of 1907, and our inbound fully one-half of 1t07.
And our passenger business fell off fully one-half of 1907, which, no doubt, was

caused by the money panic, which caused so many of the working claBs to be laid off,
and they therefore could not spare the money to go away. In former years they got
their vacation with pay for one or two weeks, but in 1908 the majority of the class of

9.869604064
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WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 357

people we handle most of did not leave the city, as they were laid off without pay,
an(l had no surety of their position or when they; wul(I l)e put back to work.
The class rates, per 100 pounds, from St. Loli8 to Mclip )hls were as follows:

Cents.
First class....... 50
Second class .................................................. . 374
Third class....... 33
Fourth class............ 27
Fifth class....... 22j
Sixth class.................................................... 19
Class A.......................................................... 12

Flour, meal, and bacon and grain, and buggies and vehicles, same rate as 1907, and
the same3 rate applied to Helena, Ark., Greenville, Miss., and Vicksburg, Miss., that
applied in 1907.

Prosperity has not struck us, but we are trusting that it will do so at the opening of
navigation in 1909.

EXHIBIT No. 30.-Eitractfrom the report of th St. Louis Merchants' changee for 1908.

ARRIVALS AND DEPARTURES OF STEAMBOATS AND BARGE.S, 1908.

ARRIVALS.

U 1,per Lower lii- MirOionm 'Total Barg~s Tons of
1908. it isss Missis- nols. sourlo.O ae(lan- steam- and freight
1908. _ Si___l. sippi. HO( _n ers. scows. received.

January.................. ........ 13 ........ ......................... 13 21 9,660February ..4........................ ....... 4 1 400
March................... 11 29 6 ..4........ 450 46 19,710
April................... 28 43 8 4 4 87 85 62,060
May ..................... 40 32 9 7 5 93 61 45,230
June.............. 43 30 10 16 3 108 76 46,590
July.............53 46 12 10 ....... 6 127 80 53,855
August ...................61 33 10 10 4 118 49 26,020
Septer.0mir............... 58 22 12 5 4 101 11 9,805
October .................. 51 21 24 4 ....... ......... 100 10 8,450
November................ 39 19 13 .......... 3 74 3 6,990
I)ecember................ 10 11 6 .......... 1 28 1 3,810

Trota. ; 394 309 110 56 34 903 444 293,180

DEPARTURES-.

Upper Lower Ten- O
Total

Tons1908. MfS-sss- Mislss- Illinois. Missouri. nessee. Ohio. ture shipped.
sippi. slppi. nese.u~re shi.

January........................... 13.................... ................ 13 1,620
February........ 1 6.... 6 400
March........... 12 27 6 ..2.... 47 4,840
April................... 30 30 9 6 5 79 6,270
May................... 42 30 10 10 3 ........ 95 8,915
June................... 42 31 8 13 6 ........ 110 9,270
Jully....................5..6 42 10 14 5........ 127 10,945
August.................. 6( 4 30 10 9 2 ........ 115 10,725
September............... 01 26 9 4 4 ........ 104 6,485
October.................. 6 C 24 19 5 .... . ...... 104 6,726
November...... 37 19 13.......... 5........ 74 3,60o5r
December.....0___...6 10 6 .. 7........ 29 2,940

'rota]. 407 287 ~~~~~~110 0 3I.93 7,4

407 287 903 7274074Total . .*........

287

60 39 1 .......

9.869604064
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;5D6 NVATERWAY, ST. LOUIS TO THE, GULF AND CHICAGO.

E.}XIIIrIT No. 30. -I---rtraet froi. te report of the St. Louis Mterchants' Exchanqe for
1908---( 'Ont iniled.

ikRIZIN'ALS ;AN)I)DI' AiTIJRES FOR TVEN'PY YEARS.

Arrivals. Departures.

Tonls of Tonls of Trolls of
Year. 1Loats. Barges. freight 1111111)er aul( Year. Boats. freight

received. logs hy raft shipped.receive(1.

Iqj8............... 9. 03 414 293,180 .. .. 1903............... 903 72,740
1907............... 942 388 289, b75 .......... 1907............... 31 78,600
19045............... 1,029 417 325,900 1,770 10......... I!)t1,013 89,185
19(;5)............... 1,074 385 288,640 1,210 1905 .............. 80,575
'1(1 ............... 1,222 413 291,425 3,945 1904......... 1,182 82,587
9(s................ 1,271 519 335,710 4,700 1903.. 1,205 212,202
1902............... 1,465 451 386,045 30,875 1902.1,448 224,261
1901............... 1,541 592 412,255 50,I 550 1901...............1,519 209,270
1900............... 1,622 595 438,670 73,340 1900. 1,605 245,585
189'9............... 1,570 680 394,650 71,960 1809 ............... I '532 203,203
1898............... 1,580 792 449,525 57,060 1&98............... 1,514 399,585
1897 . ~~~~~~~1,692 927 507, 105 69,56 187156 469,36018(i7................1 i9 25076(5 G9~618971,a6............... 1,576tw

1896............... 2,065 1,425 587,755 84,010 1896.............. 1,945 572,416
1895....... 2,007 1,126 410,145 98, (i85 1895. 1,904 303,*35'0

94.......... . 2,06 I 1,245 455,175 128,355 1894. 1,993 363,080
1893..... 2,037 1,003 472 895 126,510 1893... 2,009 436,905
1892.............. 2,053 1,090 556,980 130,220 1892.2,013 502,210
1891.............. 1,i81 1,019 450,050 142,090 1891 .............. 1,845 512,935
1890.............. 1,927 1,274 530,790 132,940 1891 0 .............. 1,910 617,980
1889.............. 2, 195 1,474 543,990 127,695 1889 ............... 712, 70E

EXuh113T No. 31.-Extractfrom the report of the St. Louis Merchants' Exchangefor 1908.

FOREIGN TRADE OF ST. LOUIS.

[By James Arbuckle, manager Latin-American and Foreign Trade Association.]

The year of 1908 will stand as an off year in the movement of the foreign commerce,
not only of this country but of nearly all the countries of the world.
The fianic which came in October, 1907, scorned to induce very heavy exports for

several months thereafter, and the recor(l of January, 1908, for exports, went up as
high as two hundred and six millions; this was more than it ever had beein for one month,
and served in a measure to deplete the surplus stock of manufactured goo(Is an(l agri-
cultural products. Whilst th6 imports only amounted, for the same month, to eighty-
five millions.
With exports two and one-half tilnes greater than imports, the money situation

became greatly relieved. The imports fell, in Dewmber, 1907, to ninety-two millions,
and as lowv as eighty-four millions in Mlay, 1908. This was, however, in one sense
harmful, and slhowe(l that the industrial interests were suffering in manufacturers'
materials not being imported.

For the calendar year, the exports shows a falling, off of three hundred millions,
and the imports a falling off of about a hundred and fifty millions.
The excess of exports over imports, will approximate six hundred and fifty millions,

,which is nearly equal to the highest surplus in any one year in the past fifteen years.
Thl'e comparison with other countries shows to the advantage of the United States,

andi we can look forward to prosp)erous times for some time to come.
The trade of the Alississippi Valley has been affected by th6 general conditions

prevailing, and whilst the statistics of exports and imports are not yet fully com-
piled, there will be a considerable falling off in the movenient.

MEXICO.

The financial situation was severely felt in Mexico, and the trade with St. Louis
wvas comi(lerablv reduced inr all lies.
No statistics are yet available to show this, but the general consensus of opinion in

all (Iluarters is that there is a decided reduction in the exports from this city to Mexico.
The Mexican coffee crop for 1908 is estimt11t(l at 750,000 bags of approxi ate value

of $15,000,000, which is divided between Germany, England, France, axd the United
States,

{E - -



XVAT 'lWAY, ST. LOUIS TO T'11E GULF' AND CRICAGO.

CENTRAL AMERICA.

We have to note a larger movement with Central American points, indicated by
the number of mercantile reports asked for oll firms in this region. It' is well that wve
shhould sell more goods there, to e(fualize the ( iuantity of bananas that is imported
froni there via New Orleanis. This is a fruitful field, and the merchants of New
Orleans are especially reapinlg some a(lvantages from this tra(le.

CUBA.

Cuban trade has likewise been affected by the poor conditions, except the flour and
grain interests.
The flour shipments show an increase of $201,706.80 over the year of 1907.
The following are the records from tile Cub1)an consulate of this city, of cereal ship-

inentes:

Articles. 1907.

Flour.. $1, 051,00 5. 17
Corn..1.67, 148. 45
]Bran..5;0, 801.66
Oats.................. 26, 489. 71
hlay..................................................................1, 476. 24

'1908.

$1, 252, 711.97
264, 184.24

........ ... ....2,512.50
52,146.14

Va:l tieof theanrtic Iesex portedl from St~. or. Iis, Mlo., to(.luba dII rilg 1907and 1908gacc)rd1-
img to the recor(Is of thme v'ice coisulato, as re)orte(l by AIl)erto Santiso, vice-consul:

Articles. 1907. 1S0.

Flour ..$1,05,1005.17 $1,252,711.97
Corn........................................ 167,1 18. 4) 264, 184.24
Machinery ..20, 846. 6i1 84, 540. 36
Beer................... 94, U1. 10 78,437. 96
jlay.. 1,76.24 52,146.14
Drugs.... 34,192. ;V 46, 037. 96
Shoes ..58,121. 4 27 653.06
Bricks and pipes .. 19, 8.50 18,3fi3. 40
hardware.............................................................. 70, S97. 55 16,325.92
Broom material .................. ....................................... ,871l. 22 12, (6. 05
Barrel material........... ........................... 7, Z. 07
Jewelry....................1 1

. .

I .19 5,002.32
Photo supplies ...................... .. 5,504. 73 4,812. 98
Furniture........................................................ 3, 410. 98 3,949. 37
Barbmer chairs ..... : ....................... 3, &'2. 06
Oats .. 26,4f9.71 2,512.50
Canvpus shoes ........l............ 1, M2.(2
Groceries .. 5,79. 71 1, 363. 77
Electric motors .. 1, 2f5i5.09 1,l0.90S
Various articles.... 1, 886. 52 1,320. 00
1foofi` "g supplies................. 486. 63 1, 2,11.8.
Steel wires....... ........... ... 1,238.47
Electrical appliances.......... 4,040.99 1, 222.05)
Water pumps........................ 8)7. 10
Water-closets and sl)pplies ..... 7,.33. 84 80. 62
Books and stationery .. 11,811. 18 688N. 41
Leather goods .........! 313.0 ( 64.. 91
Electric incandescent and supplies .......... . . ................609. 99
Crystal plates l...53.
Lightning-rod ornaments ................... ........................... 484. 94
Electric fans .................. 1, 714. 56 44(1. 30
l1nv presses .... . . . . .................................................... 334. 35
Collins ........................................................1,26....17 X221..21
Pletuire frame-s............ 95.03 19.8. 83
Advertising matter .. 117.28 140. 00
Labels......................... ............................9. . 37
Broom presses.......................................................* ........... 39. 00
Optical supplies ......................................................... 10. 70 4.51
13ran .... ..................... 8 1 ........................ .0ni

Chaln.................................... ..................... tV)Il; 04 t........Chains.656.04..........
ollers............... ............................................ .......I..................

Coaches, carriages....................................,1............2 3:. 75.
1)ishmvashers ..................................... 20 00................
Tapestry. 23187.
I'erfuniery.271.53..................................... 27...3................
Condenseil mnilk......................................................... 463. 89.

Total............................................................ 01,69, 4 10.90 1, 895, (169. 34

9.869604064

Table: [No Caption]


Table: [No Caption]


460406968.9



WATERWAY, S'1'. LOUIS TO THR GULF AND CHICAGO.

EXHIBIT No. 32.--- KEztactfromt the report of the St. Louis AMerchants' Exchange for 1908.
FOREIGN SHIIPMtNENTS OF FLOUR AND GRAIN.

ON TIII(OU0II 13HI,1S OF LADING FROM ST. LOUIS BY RAILROADS FOR THE YEAR 1908.

FIlour. I

England .......................................................
Germany .........

SctlnI....... ..........................................ScotiaiI.
Ireland.
Denmark...................................................
Norway........................................................
Holland ........................................................
Belgtim .......................................................
Spain ..........................................................
Sweden ........................................................
Venezuela....................................................
Newfoundland..................................................
Finland ........................................................
Canada.......................................................
Cuba.....
Porto Rico.....................................................
Central Anierica .............................................
South America ...............................................
Mexico.......................................................
Africa ..........................................................
Itak ......................................... ....

ugal...........................................

Trinidad................................................Seaboard for export......................................

Total for export.........................................

Barrel.
226,179
35,166
93,615
9,089
17,506
3,235

8&1, 661

1,485
1,251
5,118
3,167
6,294
9,333
1,138

172,577
40,154
2,106
1,456
676

1,260
220
250
990

43,662

Wileat.

Bushels.
8,127
1,774

..........

Corn.

Bushels.
3,300
1,088

..........

.......... ..... ........

.......... ........ ......

.......... . 1,250

.......... .... ........

.......... .... ........

.......... .... ........

.......... .... ........

.......... .... ........

.......... ........ ......

..........9, 442
.. ........ .368,200
.......... ..........
. .. ....... ..........
.......... ..........
.......... ...........
.......... ..........

..........

...... .. ........
........... ......

,65,G30 92, 383
760,588 667,531 1 474,413

Rye to seaboard for export .................................................... 4,435 bushels.
Bran exported to (lernany................... 20 tons.
Bran exported to England ...................-60 tons.

EXHIBIT No. 33.-Extractfrom the report of the St. Louis Merchants' Exchangefor 1908.

EXPORTS OF ST. LOUIS MANUFACrURES DURING 1907.

[From the annual report of J. C. A. Hiller, Commilssioner of State Bureau of Labor Statistics.]

To Europe: Agricultural implements, drugs and medicines, foundry work, furni-
ture' printing, tobacco, metal goods, shoes, type, electric supplies, flour, leather
belting, packing-house products, rubber goods, and soap and candles.
To Germany: Shoes, novelties, and packing-house products.
To Norway, Sweden, and Denmark: Flour and feed, leather belting, packing-house

products, foundry work.
To South and Central America: Street cars and supplies, drilling tools, drugs and

medicines, flour and feed, foundry work,* liquors, surgical instruments, shirts.
To Hawaii and 'Porto Rico and Philippine Islands: Chemicals, foundry work, novel-

ties, naddlery, shirts, shoes; trunks, and wire goods.
To Canada: Awnings and tents, pretzels, show cases, brick tiling, brooms and

brushes, coopers' tools, shovels, drugs and medicines, electrical apparatus, engraving,
foundry work, furniture, glassware, grocers' sundries, leather belting, musical instru-
ments, novelties, oils and paints, photographic supplies, rubber goods, soap and
candles, stores, surgical instruments, trunks, tobacco, wire goods, and wood work,
To Mexico: Brandies, bage and bagging, show cases, boots and shoes, brick tiling,

brooms and brushes canned preserves, vehicles, railway cars, coffins, cooperage, brass
castings, metal goods, type, shovels, milling machinery, drugs an(l medicines, cheni-
icals, electrical supplies, engravings, foundry work, adding machines, furniture, furs,
glassware, grocers' sundries, hair goods and saddlery, structural iron, leather belting,
malt, musical instruments, paints, oils and grease, photographic supplies pottery,
soap and candles, stoves, surgical instruments, tin goods trunks, shirts, and tobacco.
To Cuba: Show cases paper boxes, brick tiling, canned preserves, grocers' sundries,

coffins, drugs and medicines, chemicals, flour and feed, foundry work, furniture,
liquors, novelties, photographic supplies.

3*t0

Oats.

Bus~helU.
..........
..........
...........
...........
...........
...........
..........
...........
...........
...........
...........
. .....
,..........
..........

l3......
,..........
...........
...........
,..........

. .......

-

Dsestill [Itio] I.

9.869604064

Table: Exhibit No. 32.--Extract from the report of the St. Louis Merchants' Exchange for 1908
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WATE'lRWAY, ST. LOUIS TO THE GULF AND OEICAL().

Ports and term inal/s for water tra ic.-The Mfolntreal IIarb)or Commission report makes
a useful d distinction between thle, words "'port,'' ''lharlor," and "(lock;' using the
term "'harbor " to nmean place of shelter for shipping, the term'"dock" to mean an

interior btisin, and the term ''port" to miean not only the collection of piers, slips,
wharves, (locks, harbors, roadsteas, entrance channels, but also the terminal accom-

modations and equipments by which freights are exchanged between boats and land
conveyances.
Using a somewhat similar set of definitions the Chicago Harbor Commission unites

with the Montreal Harbor Commnission in bringing out forcibly the fact that water
frontage alone does not miake a port, and harbors and docks alone do not make a greatport; but that the supremacy of a port depends mainly upon its ability to exchange
Ifand and water commerce easily, readily, and economically.
The Mississippi River from St. Louis to the Gulf has at present only one real port,New Orleans; and that. one is so far but partially developed and most of its develop-

ments are limited to the interchange of ocean freights with steam railroads and com-

mon roads, without much attention to interchange with inland boats.
So far as channel approaches and water frontage are concerned Baton Rouge is as

well provided as Manchester, England, or Antwerp, or Hamburg; but the latter cities
have each recently spent amnouints varying from $25,000,000 to $100,000,000 to provide
themselves withthe terminal facilities, useful wharves, docks, piers, slips, unloading
and loading machinery, warehouses, railway sidings, railway storage, etc., necessary
to transform them from harbors to ports.

St. Louis, Mo., has little wharfage either public or private except thegraded river
bank; East St. Louis has almost nopublic landingsand few private ones; Cairo, Ill., has
several piers and slips an(d sonme few floating boat landings and warehouse but all
under private monopoly. AMetrphis and Vicksburg have limited public landings
consisting merely of graded banks and occasional floating warehouses. The other
cities are less well provided. Such transfer facilities as exist at the Lake Superior
and Lake Erie grain, ore, and coal harbors are unknown on the Mississippi. The in-
jury to freights and cost of transfer by reason of necessary rehand),ng at the water's
edge and subsequent cartage up the bank and across the city to the consignee are usually
sufficient to outbalance a decided hi'her freight rate by rail.
The only people in theMississippiValleywho have paid much attention to terminal

facilities for freights are the railroads; and consequently they command the transporta-
tion business. In(lividlual boats and small corporations can not afford to pay for such
terminal facilities aiid the cities and towns have either not yet seriously considered
the question of establishment of such facilities or are not prepared to pay for them.
Even on the Great Lakes, the railroads so dominate this situation that (Chicago

Harbor Commission report) for the past many years only one out of many steamboats
hles has been able to stand alone without being under the control of railroad termi-
nals; and it isthe water rates which are now being gradually raised to equal the rail
rates, instead of the rail rates being lowered to or controlledby the water rates.
The harbor commissionlers of Montreal in their report of 1908, of comparative study

of modern port development in Europe, have the following suggestions to make as
regards the est developmnentof commerce and harbors:
"The success of passenger andnail service depends upon the existence of costly

ships, fast trains, 'first-class hotel accommodations at the terminals, direct route from
business center to center, and harbors of sure and easy approach.

"Freight service and the handling of freight cargoes requires freight-handling
devices that will handle freight in the least possible time, large storage areas for the
collection of freight as near aspossible to the ship's side, and direct railway or inland
waterway connection to the centers of production and consumption.
"The ideal harbor for both passengers, mails, and freights will be one that attracts

a paying businessby its comfort, regularity, safety, as regards passenger service, and
by its regularityo cargoes, efficientl)ort management and equipment, and good
locality as regardsfreights. hese requirements mean the necessity of good channel
approaches and oflarge-tonnage vessels, with rapid transfe-.- .pliances for mail."
According to foreign experience and present practice, every eit should be required,

or at least urged andencouraged, ta provide extensive free landings and good connec-
tions from the sameto thecenter of the business part of the city easy for passengers
and freight. The General Government can well afford to contribute much to the
improvement of river fronts past good free landings and docks, because of the gen-

eral development resulting from the establishment of good harbors at large commer-
cial cities; but foreign practice indicates that the General Government should dis-
courage the establishment of docks byprivate owners on governmentally improved
streams except where there already exist free landingssufficient for ordinary service
of all boats and where, at the same time, the private docks shall furnish improved

3 G) I



362 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

facilities fully worth their dock charges, and that especial care should be urged upon
all States and municipalitie, to see that rights of way given to railroads shall not
unnecessarily prevent the later establishment of boat landings or prevent the free
use of existing and future landings or their easy and free colnnectionl with the busi-
ness portion of the adjoining communities and that where suich; facilities are not pro-

-*vided the river-front improvement should be assesed upon the dock owners or left
undone in favor of other lolaces where such requirements have been fulfilled,
That St. Louis at least is beginning to realize something of the above is shown by

Exhibit No. 34.

EXniBrr No, 34-Extract from the report of the St. Loui8 Merchants' Exchangefor 1908,

TERMINAL PACILITIEB.

The credit of a city as a distributive center is largely measured by the promptness
with which shipments are handled, and while during the past year there has not
been much con plaint of delays in St. Louis terminals, we must recognize the fact
that these facilities are inadequate to take care of a tonnage like 1907 or the tontnge
that we may anticipate for tho year 191.0. It behooves every industry to contlruct
and acquire reasonable facilities for the accommodation of their traffic, and&too muchimportance can not be attached to the necessity for the lines serving St. Louis enlarg-ing their present facilities by the addition of further team tracks, the erection of ware-
houses for the handling of merchandise and increased hold tracks, and the citizens of
St. Louis should lend their support within reasonable limits toward the attainment of
such results reserving to ourselves at all times the right which the city has, In the
granting of these franchises of surrounding sime with reasonable regulations looking
to the protection of our busnesa and the development thereof in the future.

Better service, by the more expeditious handling of our freight, is being rendered
by the carriers. We are no longer confronted with delays and congestions inicidenit
to the enormous tonnage handled during 1907. The carriers have had an opportunityto study out plans and perfectoperating conditions under which freight can be hamnd led
more expeditiously, and, with the development of business, these measures should be
continued.

RIVER TRANSPORTATION.

The success of a manufacturing and distributing community is largely dependent
upon the ability to avail itself of cheap transportation for the purpose of handling its
surplus alid..carriage of low-class freight, a condition which is takei advantage of In
foreign countries through the development of their waterways and construction of a
system of canals. There is no one thing that would give greater impetus to the busi-
ness of this community than the development of our waterways and in particular the
Mimsissippi River, by the means of which large quantities of our low-clas freight
would receive the measure of the lowest transportation charge. Determined efforts
should be made to interest capital1i the project of securing needed facilities for the
handling of this river traffic, and the construction of suitable elevators an(l warehouses
to be operated in connection therewith.

Regarding the best method in which the General Grovernment and other interested
parties can share in supplying the funds necessary for the developmr ent of inland
navigation, the Eleventh International Congress of Navigation (St. Petersburg, 1908),
in its summary of the proceedings, concludes that taxation is as a rule, the best
method of collecting the necessary funds, and that the taxes should be so arranged
as to absorb a part ofthe profit obtained by the reduction of the cost of transportation
due to the establishmlient or improvement of the navigable highway such taXes to
belIvied on the boats or the freight charges, and also by taxes on theincreased value
of the landsand buildings connected with the improvement, not to exceed in amount
a half of the increased value; such taxes tocekse as soon as the work has been p)aid1for. It further concludes that local bodies, such as municipalities, boroughs, asso-
ciations, indilstrial societies, etc., may be intrusted to secure the funds necessary
for the construction, extension, or improvement, of river ports, landings, docks,
warehouses, and the variousequipments of the ports, as well as for the construction
of local lines of approach and their connections, from settlements, factories, and
centers of production, to thenavigable highway.

Fromi theaboveinvestigations of the Chicago and Montreal harbor commissions
and other modern engineering study, it seemstobe quite generally admitted that all
general governments may properly assume all responsibility for construction and
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first cost of -public waterway imnprovemrnots' 'sfar:as concerns the seccuritng (iof through
channel routes of necessary widths and depths; butmost foreign countries consider
the improvement of toerminal, inclintiiig lan(lings,8whllrvese;, piers, slips, (locks, transfer
machinery andIsiding, etc., to belong largely to the localities directly
concerned. Whore the General Governimeint assum1nes control of the improvement
of terminals it generally lmits such control to the direction of supervision of work,
assessing the cost upon the locality.

Rfail and water competition,-The Chicago and Montreal harbor commission reports
show l)lainly that one of the main reasons for the groat use of inland waterways abroad
is their better terminal facilities and their higher freight rates, combined with the
denHer population and the greater need of transportation. Although the water rates
abroad are less than the rail rates, the foreign water rate is often higher than the United
States rail rates,
As recently explained by the Interstate Commerce Commission (Oinllon No. 787,

January 7, 1909) traffic entirely by water and traffic entirely within a State are
outside of federal control; and (Opinion No. 848, March 8, 1909) the finrt railroad
from St. Louis to New Orleans was obliged to make its rates as low as the then existing
rates by water, all subsequent railroads being obliged to regulate their own rate.
accordingly in order to get any business. By strict attention to business and by
improving their terminal facilities and their collecting and distributing arrangemeints,
the railroads can to-day make profits at rates which are no longer pro table to steam-
boats. A comparison of rail rates and water rates from New Orleans to upriver point.
above Baton Rouge and of rail rates and water rates from St. Louis to downriver
points below Cairo Gsee Exhibits 44-45) will make this point quite evident. Until
terminal facilities at the water's edge are much improved there is little to be gained
by any increase of (Iraft In the river greater than necessary to float barges of the draft
found most ecoiioiiiical in the Ohio and in Europe.

Railroad development in the United States, and especially in the Mississippi River
basin, has been soenormous as to have attracted the attention of all foreign engineers'
but such development Is notable by reason of the enormous mileage for the totai
country, and for each 1,000 of population, and not by reason of the mileage per square
mile, or other unit of area, as to which middle Europe Is ahead of us; and the freight
carried by American railroads is notable by the total for individual localities or route,
or 1,000 of population, and not for amount by the square mile or other unit of area.
In the United States single trains often carry loads live times as great as in Europe,
The habits of the United States public demand'nmore freights and longer hauls per unit
of population than in Europe. The large areas of comparatively level country in the
southern Mississippi Valley, the northern Ohio Valley, and the great plains east of
the Rocky Mountains have made posSible In the United States long hauls and heavily
loaded trains over gentle gra(ies, resulting in low costs, impossible in Europe, and
ap)proaching even in the United States in some cases very closely to the cost of water
transportation. The railroad freight of the United States in the last twenty years
has nearly tripled in consequence. Existing'rates though low, would probably be
carried still lower were it not for the fact that the demand for railroad freights has
increased much faster than the mileage of terminal facilities of the railroads requiring
at the present tiple enormous expenditures for the latter in order to enable them to
kee) up with the buHines.
Waterways as routes for transportation possess over railways certain decided advan-

tages, as follows: Foremost in importance is the eact that-the United States waterways
are public highways, open to every boat irrespectiveof Its ownership; second their
channels are usually so wide that boats can always freely pas each other, and each
boat is usually indep)endent of all others as to use of both channel and landings; third,
landings can usually be made and passengers and freight discharge(l at any point
along the route at the will of the boat agents; fourth, the use of the waterway anrd
landing places is usually either free from tolls or charge for cost of construction and
maintenance, or else the charge is slight. Other advantages exist, but they are of
minor importance. In. projiortion as any of these conditions are restricted by nature
or by monopoly or by tariff charges the advantages diminish very promptly.
On the other hand, waterways as routes for transportation in comparison with

railways have disadvantages, as follows: They are rarely straight, and so are usually
much longer than corresponding rail routes almost always 1.6 times as long and often
three times. They ate subject to sp)e(ial delays by weather condition as by fogs liable
to occur at any time of day or night for uncertain and very 'variable intervals and by
low water, freshets, and ice formations, occurring less often but lasting longer at a
time. They naturally occupy the lowest levels of large areas, so that necessarily all
freights after being unloaded must be hauled uphill in order to reach a place of actual
use or sale. Good natural wharves and landings are few; good artificial wharves or

landings are too expensive for construction by small communities, and cost of rohan-



364 WATERWVAY, ST. LOUIS TO THE GULF IND CHICAGO.

dling from shipper to boat and from boat to consignee is uaually large. Boat srice
being easy of installation and comparatively free of monopoly and control is not
easily organized under largecompanies; through shipment arenot easily arranged
and guaranteed between distant points. Repeated rehandling by irresponsible-per-
eons often becomes necessary and damage to through freight. is not easily prevented
nor its responsibility easily Aetermined nor its cost easily adjusted. In proportion
as these conditions are intensified the final cost of transportation increases and the
freight charge must be increased or the boat must go otit of business. These disad-
vantages may often be so great as to determine shipment by rail even when the ton-
per-mile freight charge by water is considerably less.
While boat can afford to carry bulky and heavy goods at much lower rates per ton-

mile than do railways, the difference may easily be more than counterbalanced by
the damage to lumber and furniture and frail materials by careless or repeated re-
handlinig and also by the cost of haulage between the boat and the plaee of business
of the shipper and consumer. Again, the rehandling to and from cars is almost always
done under cover from rain 'and sun, while that from boats is usually done in the
open,' Furthermore, it must be remembered that in many cases of shipment by
rail the chipper himself places the goods inside the car on a siding at his own factory
or warehouse and the consignee unpacks the same in the same way, and not only
does the rail freight charge cover the entire cost of delivery from shipper to consignee,
but the lesser amount of handling by rail diminishes both the risk of dame and the
insurance charges, For a proper comparison of the final coat of shipment by the two
routes the boat and rail rates must botJi be increased by the. co3t of movement at both
ends of the route between the terminals and warehouses. A similar increase must be
made in any proper comparison of time delays in shipment by the two routes. These
conditions alone are sufficient to explain why the lumber yards of Chicago and many
other large cities are losing their lake and river business, even though located at the
water's edge, and also why most of the Mississippi boat traffic is at present restricted
to local business, which can not be easily or economically reached by railroad sidings,
and also why the Mississippi River is so little used over its 130 miles between New
Orlens and Baton Rouge, where there has existed from time immemorial at all hours
of the day and every day of the year a clear channel of several hundred feet width
and about 30 feet depth. The above remarks should be constantly kept in mind in
inspecting and comparing the tables (Exhibits 35 to 45) which follow and which
show the comparative water and rail rates within the Mississippi Valley and between
it and the Atlantic coast and Europe,
(A fuller statement of some of these rates and other interesting comparisons of the

same may be found in the Ohio River Board Repoft of 190&4, previously mentioned
in this same appendix.)

Exxinrr No. 35.-All and part railfreight rates on grain mnd Frain products, November,
1908, ftom Chicago and St. Louis to East, " report*f November, 1908, by United
Stats Bureau of Statistic.

[AD rates in cents per 100 pounds.)

Local rates from-

Chioco. :ast 2t. Louis.

oGrain products. Fiour. Grain products. Flour.

Domes- Ex- Dome Ex- Domes- Ex. Domes- Ex-
tic, ported. tie. ported. tic, norted. tic. ported,

Now York ......................... 17 17 17 16 1 I 1917
Boston............................. 1 17 19 16 21 1 2117
Philadelphia.......1.4 '15 15 15 17 16 17 1Batimor .. 14 1 14 16 1. 1

Proportional domestic rates for Chicago ar 2,8 cents loe than locaL
Proportional export rates for Chicago are 4 centa low than ocal.
Proportional domestic rates for East St. Louis are 1.6 cents les than locaL
Proportional export rates for East St. LOuIS an 3 cents less tha locaL

9.869604064

Table: Exhibit No. 35.--All and part rail freight rates on grain and grain products, November, 1908, from Chicago and St. Louis to East, as reported November, 1908, by United States Bureau of Statistics
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Exsiirr No. 36.-Claes rates from East St. Louis to EaWt, November, 1908, as reported
November, 1908, by United States Bureau of Statistics.

(All rates In cents per 100 pounds.]

Class No.
Destination.

1. 2. S. 4. 6. 8

BostonA,.......... ,.,,88 76 59 41 35 29Boston~j*Lake andrail:. 83 72 66 38 33 28
Now York.....8All rail 78 76 ,) 41 36 ?NewYork.1 Lake andral78 88 63 37 31 26

Phlbzdelphia... All anl a 82 '0 67 39 33 27Philaelpha...Lake, aM~i:::::::::::72 62 51 35 29 24
eaItimo,.....AUrIIlW ................... ................ 80 68 56 38 32 23*Lakeand ruil............70..........0.7086423 23

8ea and rail rates for New York and Doston all year and for Philadelphia and Baltimore during eum
met re same ua lake and rail rates; but Philadelphia and Baltimore winter rates are from 1 to 2 cents
higher than summer rates,

St. Louis class rates, November, 1908, to East were same as E"t St. Louis.

EXEIBrr No. 37.-Range of ocean freight*, November, 1908, to Liverpool, as reported
November, 1908, by Department of Commerce and Labor (Bureau of Stattit).

Article. Boston. New York. Baltimore. New

Grain, per bushel .............. 2tpence. 4-122 p.noe........ ..............

Flour, per 100 pounds..............t......s. 7 cnts 8-9 cents....

Hard lumber, per 100 pounds.......... 9 cents, 10 cents:........ 18-20 cents.
Soft lumber, per 100 pounds.11 cents. 17 cents ... -: 21-22 cents.
Oil cake, per 100 pounds.6 oenbt. 7 cents. 8- cents..............
Cotton, per 100 pounds.12 cents. 12-15 cents. 20 cents.
Tobacco, per 100pounds.13 cents. 16 oents. 18-20 cents.

EzmBrr No. 38.-Range of ocean freights, November, 1908, to Hamburg, repo

November, 1908, by Department of Commerce and Labor (Bureau of Statistics).

Article. Boston. New York. Baltimoft. orl
.________ _ _ A _ __O

lea

Rain, per bushel...........................
Flour, per 100 pounds........
Hard lumber, per 100 pounds..::::::::::::::
Soft lumber, per 100 pounds.................
Oil cake, per 100 pounds.....................
Cotton, per 100 pounds......................
Tobacco, per 100 pounds...................

Per 448 pounds. b

cents.
12-13 cents,
16-18 cents.
19-21 Cents.
12-13 cents.

25 cents.
25-30 cents.

22J-30pfni.
11 o~ent^.

10-17 cnto.
19-20 cents.

11 cents.
26 cents.

*56.50

12-13 oents,
18-19 cents,
21-22 cents.
12-13 cents.

22 oets.
25 cents

3* p.
1820 cents.
21-22 cents.-14shelllnt.
30-3 cents.

__ert~gha .
_ ~e pounds.___

Per lhogshes 0 Per 2,240 pound&

9.869604064

Table: Exhibit No. 36.--Class rates from East St. Louis to East, November, 1908, as reported November, 1908, by United States Bureau of Statistics


Table: Exhibit No. 37.--Range of ocean freights, November, 1908, to Liverpool, as reported November, 1908, by Department of Commerce and Labor (Bureau of Statistics)


Table: Exhibit No. 38.--Range of ocean freights, November, 1908, to Hamburg, as reported November, 1908, by Department of Commerce and Labor (Bureau of Statistics)
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ExHIBT No. 39.-Extractfrom te report of thc St. Louis Merchants' Exchangefor 1908.

AVERAGE PUBLISHED RATES OF FREIGHT ON GRAIN IN CENTS.

PROM sTr, LOUIS TO LIVERPOOL VIA RIVER TO NEW ORLEANS AND VIA RAM TO NEW YORK.

Year.

1887......................................
1888 ......................................
1889 ......................................
1890.................................
1891 ......................................
18t.? I...............................
1893 ....................................
1894......................................
189I5 ......................................
1B96......................................9
1897 ......................................
1898 ......................................
1899 ......................................
1900......................................
1901......................................
1902......................................
10w3................................
1904......................................
1905......................................
1906......................................
1907......................................
1908......................................

To New Orleans by
river.

On grain
In sago's

A.1!IYper aw
pounds.

18i
16

17.93
16.66
16.28
16.87
17.64
17.14
13;00
14.64
10.83
10.00
10.00
10.00
10.00

10.00
10.00

,............
............
............
............
............

Average rate of freight on wheat per bushel, by
steatIer from New Orleans to Liverpool during

and 1908.

On wheat
in bulk,

per

bushe1,

6

6.96

6.68
6.87
6.60
6.66
6.89
6.95
6.00
4.88
4.60
4.60

a4.26
a4.26
a 4.20
a5

............

............

............

............

............

On wheat
to Now
York by

rail, per 100

pounds.

32A
290
281
271
29
20.62

- 28.60
24.73
23.67
23.00
23.64
22.26
21.95
19.38
19.33
20.66
22.26
21.61
20.60
20. 60
20. 60
19.60

To Liverpool.

Via Now
Orleans, on
wheat orbushefl_

16

16

17
14
16
14
14.71
11.69
12i
13.60
12.89
14.24
12.33
14.64
9.48
8.63
10.00

............

............

............

............

............

Via Now
York, on
wheat per
bushel,

24i
22.96
24.97
21.48
23. 66
21
21.72
18.71
18.33
19. 867
20 33
20.32
17.88
18.41
14. 03
1.33
16.02
15.26
16.60
16.23
16.87
14.78

a F. o. b. New Orleans.

Exnxurr No. 40.-Extractfrom the report of the St. Louis Merchant.' Exchange for 1908.

ALL-RAIL RA'l'E: oFl FREIGHT, IN CENTS, FROM ST. LOUIS TO SOUTHERN CITIES
DURING 1908.

Art l es. TMemphis Viokss New Or-
................._...........Tenn.burg, lea, La.

Miss.

Flour per barrel, L 22 36 86

Wheat, C. I........8........ 18 ab 13
Other grain and feed, per 100 pounds, a. L .................... ....... a 7 a 12 a 12
Meat, packed, per 100 polunds C. L....................................... c18 030 C30

Meat, loose per 100 pounds, d. I.................... c18 30 030

Hay, per 1N0 pounds, L....................,,,..,...,,..,,............ d. ad 171 a0d17

Proportional rate.
Canceled November 1, 1908.
cAdvanced 3 cents, etTective September 1 1908
*Caneeled March 16, 1908. Class rates a fv Memphis, 12 cents; New Orleans and Vickshuirg, 20oeDts.
Escep' as otherwise provided above St. I,ouis and East St. Louis ratPs are the same.

Average rate of freight on wheat per bushel, by
stealer trom New York to Liverpool during
1907 and I190.

Rates in cents. Rates in cents.
Month, Month.

1908. 1907. 1908. 1907.

January . 7 49 January ,,, 4 3
Februay.......,,..... 6 4 February........,.. 3
March..8,,.................. March... .,.,,.. 3 2
April.6..,,....B 4 A ,21. 2
may.. 6 4 sra....................212
June.4,,,,. 414Jue.3.3....,...... 3
July.....,.6 3 July.3.... . 3 2
August.8...,.3,.Au.gust. 3 3
September.................... 6 3, September.3 3
October.8, , 3 SOctober........ ..... 3 3
November.,.. ,,,,,,,.. 6 November .,,,,,,,,,,,,,,,, 31December.....8..........,.4. December................... 3

9.869604064

Table: Exhibit No. 39.--Extract from the report of the St. Louis Merchants' Exchange for 1908
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ExHIBrr No. 41.

PUBLISHED RATES OF FREIG [IT BY RAIL FROM ST. LOUIS TO NEW YORK DURING 190.

corn, ~~~~~~~Coin-Meats Barley, Flour, pressed
Date. periou corn, oatrye' Produots. per bar, cotton,

pou~nds. what oasrye, rel. per 100
wheat.spelts, ~~pounds.

January ito May1..2.. 20 2?0 41.
Mav

1toDecemner31e..r19 20 o40January I to December 31........35.......... ,36.... 30

a East St, ILouis.
(1raln and grain prod ucts to Boston, 2 cents higher than New York; to Philadelphia, 2 cents lower than

New York; to Baltimore, 3 pents lowet than New York.
Cotton to Boston, 5 cents higher; to Philadelphia 2 cents and Baltimore 3 cents lower than New York

rates.
Meats to Boston, 3 cent. higher; to Philadelphia 2 cents and Baltimore 3 cents lower than New York rates.

CLASS RATES FROM ST. LOUIS.

[From January 1 to December 31, 1908.]

1. 2. 3. 4. 5, 6.

ToNewYork............................................... 87 78 68& 41 3f5 29
To Boston........, . ............................... 94 82 63 46 3 31
To Philadelphia......... 8 74 60 39 33 27
ToBaltimore. 84 73 5 38 32 26

EXHIBIT No. 42.
PUBLISHED AVERAGE RATE OF FREI01T 13Y RAIL ON GRAIN FROM EAST ST. LO'UIS

TO NBW YOIUK.
(Per 100 pounds.]
Cents,

1NA (also fro:il St. I)uls)................. 19,63
1907................. 20.60
1906...,, . ........ .. 20.60
1906., ., ,,,,,,,,,,,,,20.71
1904..., .........,.. 21.57
190.3................ 21.25
1002. 20.66
1901...........,,.,,,,... 19.33
1900 .... . . . . . . . . 19.38
1899 on grain (except corn) ...................21.05
1890 on corn...................... 20..o

Cents.
1898 oncorn.20
1897 on corn orexport.17
1897 on grain......... . . . 23-26
189........ 23
1895........ 23.57
1894.. . .. . . . .......... 24.73
1893....... 28.60
1892 ongran....... 26.62
1891 on hcat ....... 29
1891 on corn....... 28j

I EXHIBrr No. 43,
The report of the Interstate Commerce Commission, 1906-7, give the following

average freight rates on railroads paralleling to some extent the Mississippi River
system:

Railroad.

Louisville and Nashville R, south of Ohio River....................................
Illinois Central R. R line south ot Ohio River .........................................
Mobile and Ohio R. A., line South of Cairo, Ill.
Cincinnati, New Orleans and Texas Pacifio R. R., within limits of Group V-Kentucky,
Tennessee Mississlpp, Alabama, Georgia, and Florida................................

Missouri, Kans an exaas R. R.:
Line noro D , T.........................................................
Line mouth of Tex...................

St. Louis, Iron Moun ad Southern R. R.................................
International and Great Northern R. R Texas and Louisiana........
(Galveston, Houston and Northern R. A. (1906) changed to Galveston, farrisburg and

St. Anthony Ry. (1907)) .........

Runth Unitd States, all railroad for all classes of trelgh, taken a whole....

Average rev-
enue (freight)
per ton-mile.

1006. 1 1907.

Cents,
0.808

. 88

.667

.719

1.024
1.162
.706

1.040

1.53
.7"

Cerd$.
0.804
.621
.853
.781

1,030
1.160
.733

1.057

.748

.789

9.869604064
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Exzmn No. 4C-Preight raim pf ton, by rail, au reported by vaious potie, Demmb.r, 190.

TimCicag, DL:
To Kana City, Mo. and

Kans .....
at. Louis, Mo.-.--Vicksburg, Min.
NOw Orleans La.

iM= Kansas C it and
Kans.:
To St. Pra, Minn..

Chicago, Ill -.
St. Louis, Mo.
Cairo, IlL .---_-_
Memphis, Tnn....
Greenville, Mis
Vicksburg, Miss.....
Natchez, M.s -----

Baton Rouge, La .
New Orleans, La.

TiM St. Louis, Mo.:
To St. Paul, -Chicago, Ill -----

-an City,Mo.
Cairo, 111D
Memphis, Tenn--.
Greenville, Miss.
VkksbwgM=.--
Baton Rouge, La-..
New Orleans, La.

From New Orleans, La.:
To St. Paul, Minn.....

Chicago, III--. .

Kansas City,Mo. .
St Louis,Mo..--
Cairo, L-.
Memphis, Tenn-.
Greenville, Miss_.
Vicksburg, Miss.
Natchez, Miss
Baton Rouge, IA...

Artid transported. _

Tw~hpont.ME* Lu- Bnd ock Ce- Bul-OhrMn--risSugarIGeneralMile. Lbar land BuildIro theraT-GvlIDr
age and I mont OI Ca. re ton. molas- baco. stores. oln. chan-_ and and and w

B C me ds o To- Na
tance.-,wood. gra'"L cly brick.j U j __ Iron ____ ____ e

XW8.
458
284
747
912,

603
458
277
427
484
635
704
783
791
880
576
284
277
150
.31
'448
531
614
877
6099

1,275
912
880
699
554
396
310
:227
214
89

13.20.
L70
&20-
4.8SD

320!

3.2D5.2D5 20
5&20
5.20.15.20.1
3.00!1.70i
140o43-00
4.00
4.00'
4.00

6.40.
4.80
4.60.
7.00
2.80

I.l

4.20
4.10

3.20
3.20
4.40
4.40
4.40
4.40
4.40

1.70
1.30
1.60
-75
1.60
3-00
3.00
3-00
300
3.0010

3-20
1.60
L360
1 60
160
L40

4.87
&20

3.40
2.50
2.50
5.00
I&00
5.00
5.00
&500

2.60
1.30
3.40
1L50
2.40I3.80
3.80
3.80
3.so
3 80

4.60
5&00

2.40
2.40

2.40
140

12 30
1.40
.80
4.00

2.25
2.30
1 50
2.50
2.50
440
4.40
4.40
4.40
4.40
2.10
1.40
1.50
1.30

3.00D
3.00D
&00

4.30
4.00
3.30
3.40
3.00
1.60
1.60
1.60
1.60
1 25

.ii:wJ
4.80
620

i--_____

3-20
3-20
5.00
5.00
S.00
5.00
5.00

2.10
1.30
2.20
1 68
2.80
5 00
5.00
5.00
5.&00
5.00

8.60
6.20
7 60
5.00
4.20
2.40
2.40
2.40
2.40
1.0

120
4&7
'&4
4.7
4.7
4.74.7
4.7

IL7
2.0
3.2
.L6
3.2
3.2
3-2
3.2
3.2

4.6
3-8
4.6
3.0
3-0

1.8
.8
.a

-is5.40
7 L70
0 4.60o 14.00

5.00&6Q5.40
0 3.40
0 5.40
0 5.40
0 &40

0 &40o 8.40
08 &40

0 4.20
7 1.70
0 3.40
0 L60
0 2.40
7 3.60
7 3.60
7 3-60
7 3.60
7 3.60

io 8.60
0 4. 60
0 7.00
0 3.60
0 5.80
80 6.40

g' 640
80 &40

2.30

2.22.25

1.00
1.90
3-25
3.25

!3.25

_25

&.
I.

.SLSO

2.96
2.96

.3.00
1.L50
2.270
1.68
3.00
5.0
5.005.00

5.005.60

5.80
.820

5.00
.1 80
340
3.40
3.40
1340
.L40

140

125

3.00D
1.40
L25
1.681
5.00D
7.00
7.00
7.00D
7. OD
7.00

7.00

$3.25
L80
520
500

3.30
3.25
4.40
3.50
3.50
6.40
6.40
6.40
6.40
6.40

4.20
1.s0
4.40
2.10
2.60
4.40
4.40
4.40
4.40
4.40

7 60

.007.60
4.40
3.60
2.40
2.40
240

2.40
2.20

.$96$1- I S50 1 6.40 $7.80 $5 40
$1.40i L60 $5.00 I L90 t 1.40 2.60 3.00
4.20 4.60 110.40 --------------
-------------------I--- i 022.00..----- 640

2.95

t215
2.60
2.60
3.80
3-80
3.803-80;3-80
3.00
L40
2.15

2.0
2.40
2.40
2.40
2.40

4.00

2.40
2.40
2.40
1L60

2.35112o0
2.80 --.-
2.80 ---.--
4.001-
4.00 .
4.00 ------

4.00 .
4.00 ------

2.80 55.20
1 60 5.00
2.35 112.00
1 60 .
2.201'2.20
3.60 .-__
3.60.-----
3.60 ------

3-60 .-__
3.60.-----

00.

2.40 ----_2.40 --_
2.40 _
160 3-00

4.70
450
3-70
4.70
4.70
4.60
4.60
4.60
4.60
4.60

3.20
t90170

2.72
6.00
&800
.00
&800
8.00

6. 80
5.00
5.00
3.40
3-40
2.40
2.00
2.00
2.00
L150

6.80
6.40

,5.406.40
1 2.00
12.00
11.00
112.00
12.00

5.20
1 3.40
5.40
3.62
4.00
5.40
5.40
5.40
5.40
&540

1 24.00

15.90092.00
i1. Of)

9.00
9.0o
9.00
5.00

7.40
7.60

14.40

7.00

IT.

14.207 60

7.00
7.00

It7- °°
7.00
7- 00
7.00

*4

1:!------

5 60
I .80
5.40
5.40
7.0017 00
7.00
7-.00
7.00

4.20
3i00
4.40
1L88
4.00
6.00
6.00
6.00
6.00
6.00

8 60
. 40
7.60

1 40
4.80
3-00
3. 00

. 00
3.OD
2.40

$16.60

17.00
16.00

16.00
1 00

123-00
j2300

23-00
23.00

123-00

I.
,.

I..

0H0

CI

&Q
0

0

* Distance taken from United States Army mileage book.

9.869604064

Table: Exhibit No. 44.--Freight rates per ton, by rail, as reported by various parties, December, 1908


460406968.9



ExBmIT No. 45.-Freight rates per ton by water, as reported by various parties, December, 1908.

Terminal poins

From St. Louis, Mo.:
ao To St. Paul, Minn.....

Cairo, Ill...
Memphis. Tenn--
Kansas City,Mo.

From New Orleans, La-.
To Vicksburg, Miss _-..

* Natchez, Miss.* Baton Rouge,La

I729
182
420

(b)
366
284
132

Lam-
ber
and
wood.

Band

gravd.

$2S $2.=00

I (b) (b)
._.._.2.50

- .30

RGek
lime,
and
clay.

S 40
2.00
3.00
(b)

1.25

ce-
mient
and

brick.

$2.00
L60
3.00
(b)
. 60
. 60

.- ---

Build-
ing Bet.

stoat.

I OIL. CoaL

$2.OD 43.40 $2.80
L60 C.Of0 2.00
-.---.2l'50 3.00
(b) | &00 I......
..0----2.01

.12.0------1------
.I

Iron
or.

Other
metal

Mann-
twe-
tured
iron.

$2.00 .- -

.------..00I 00

.---3ityJ3.00D

.---3.003.00

i-------------I------
1------ -------!--------

*1----- -------I--------

Grainm
and

$2.80
3.00
5.00
1.00

2.40
2.40
2.00

Flour.

2.00

1.00

2 502.50
2.00

Cot
ton.

3.00
4.60

4.00
4.00
3.00

Sugar
and
mo-
la

$3.40
2.00
2.50
3.00

2.00
2.00
2.00

To-bacco,

$3-40
3.00
7.40
4.60

4.80
4.80
4.00

Naval Provi-
-stores. sions

.
General
mar-
chan-
dise.

$5-40 - - - - - - - -

aZ0 $3.00 $4.OD
6.00 6.00 5.00
4.60, 3.00 5.0O
5.001 &00- &00
5.00 -sl.
.3.601....

* Distances are channel routes according to United States engineer maps.
- b Same rates either direction.
N. B.-The above rates by rall.andwaterhave beenrecelvedfromcommercial associations orterminal agents and are believed tobessufficienUycorrectforpurposes ofcomparisons.
Acomparisonof the last tablewith theflxstshowsthat from St Louis to St. Paul the rates are lower by rail forsand and gravel, salt, cotton, sugarand molasses. and naval stores;

and lower by water for lumber, rock lime and clay, cement and brick, building stone, oil, manufactured iron, and tobacco. From St. Louis to Cairo the rates are lower by rail
for rock, lime and clay, cement and £rick,'ofl, othermetals, grains and seds, naval stores, and provisions; and are lower bywaterfor building stone. salt. manufactured iron. flour,
sugar and molasses, and tobacco. FronSt Louis to Maemphis theratesarelowerbyraion rocklimeandclay-,cementand brick;salt; oil, manufactredirongransand seeds,
tobacco, naval stores, provisons,-?and lower by water for lumber. other netals. flour, and sugar and molasses-

FromNew Orleansto Baton Rouge, where thewidth and depth ofchannel Is or ocean boats. therates are lowerbyrail onbuildingstone, gramsand seeds, flour, sugar
and molasses, and provisions; and lowerby water on sand and gravel ock limsandclayandtobacco FromNew Orleansto NatchezandVcksburgtheratesarolowest by water
only on tobacco.

As the railroads will carry almost all articles of freight from New Orleans, 396 miles, to Memphis at the same rates as 214 mlles to Natchez.shiptlo to gain by
using water transportation from New Orleans to Baton Rouge- have nothing to gain to points above Natchez-: In the same way, shipe havelittle to gain b using water
transportation from St Louis to oints below Memphis and nothing to points below Greenville. -Consequently akets plying between MelmphmisandNatcbezzmust dependlfr.their support on local business wJtJn the limits, so long as the railroads maintain the rates and CanOtake care of busmne Within these g rphallmitbr ndt
are the only boats that can successfully compete 'With the railroads

;p-
3

Kl
r
0

H

0

ct
m

O

3

ci

;t1

Q

0Do
0
0
0

Co
0
CD

| l e-|

Mile-

temcal_
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370 WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO.

APPENDIX No. 21.,

FIELD AND OFFICE OPERATIONS OARRIED ON UNDER THE DIRECTION OF THE BOARD ON
EXAMINATION AND SURVEY OF MISSISSIPPI RIVER, IN CONNECTION WITH THE PREPA-
RATION OF ITS R SPORT,

(Prepared by the recorder of the Board.]

In the absence of any complete and recent maps of that district, it was decided by
the Board, as being requisite to a proper studr o the problem before it, that a topo-
graphic,an(l ydrographi survey of thealluvia valley o the Misissippi River be made.between St. oullis, AMo., and Cairo, Ill.; and that surveys be made below Cairo to de-

termine the length of caving banks and the number of bars having lees than 14 feet of
water ove r themi at any stage.
The office, force, and plant of'the Missisippi River Commission having been placed

at the service of the Board by the act of Congress approved AMarch 2,1907 and the Chief
of Engineers having authorized the employment of a part of the clerical and engineer-
ing force of the United States engineer office, St. Louis, on the work of the Board and
the use of vessels oporating under the direction of that office for the distribution of
suplies needed by parties engaged on the St. Louis-Cairo survey, work was undertaken
with the intent of completing feld-survey operations before the high-water season of
1908, if possible.
The survey was so planned and executed as to provide data for determining-
First, the number of bars having less than 14 feet of water over them at all stages of

water and the annual cost of dreaging them so as to maintain a depth of 14 feet;
Second, the cost of a system of regulation works and the depths that it is practicable

to obtain by such method of improvement;
Third, the locations of movable dams and their cost so as to obtain 14 feet of water;

and
Fourth, the location and cost of a lateral canil or canals similar to the one proposed

from Alton to St. Louis.
Assistant FlngIneer Win, M, Penniman was transferred from the United States engi-

neer office, St. Louis9 Mo. and placed in charge of the fleld operations and office work
of the survey of the tretchi of! river between St., Louis and Cairo. The supervision of
the measurement, in the stretch between the Ohio and Red rivers, the length of cav-
ing banks and determination of the number of bars having les than 14 feet of water
over thelm at anYItage) was underthe immediate direction ofCapt G. R. Lukesh Corp
of Engineers, U. S. Army, recorder of the Board. HIe also as secretary of the Mfissix
i1)1)iaiverCommission, had charge of the rekular9-footdredgingand the experimental
14-toot dredging carried on below Cairo by the Missi.ssi)pi River Commission. These
dluties aro hemre mentioned, as the operations, especially the experimental dredging,
have been source of valuable information for the Board a use, and the operations were
in part carrie(i on with thoe Board's cooperation.

FIEI.D OPERATIONS ABOVE CAIRO.

These operations were under the general direction of the recorder and under the
immediate supervision of Assistant Engineer Wm. M. Penniman.

Assistallt Engineer Penniman reported for duty August 19 1907, and immediately
formulate( a project for the prosecution of the survey of the district between St. Louis
an(l Cairo in accordance with the requirements of the Board.

Requireinenf8 of surUcy.-AI the requirements of the aet creating the l3oard called
not only for recommendation in rer-& to the improvement of the open river, but
also for the consideration of the foaslbility of a lateral canal or canals for apart of the
route, it was deemed necessary, in the absence of any suitable maaps, that this survey
cover the entire bottom lands between the high bluffs from St. Louis to Cairo. ft
was also considered adv'isable to obtain the corxtrolling elevations of b)edl rock at cer-
tain points in the district that seemed by nature suitable as locations for dams for
either a lateral canal system or river canalization.

Project.--A project for this survey, based ohi a preliminary examination of data
and existing maps of the district on file in the office of the secretary of the Mfimissippi
River Coommission an(l in the St. 1,ouis United States engineer office, submitted on
August 27, 1907, was approved by the Board Augmst 29, nlnd the organization of.the
neces sary fieldI an( office parties for the work was at once commenced,

Secondary trianiiglation points and precise banch marks of a survey of the river in
this districtt wade by the Alisissippi River Commismion, established in 1880 to 1881,
were utilized, as a bludis for the l3oard's survey' use was also made of sections of the
topography as determiiicd by the Mississippi hiver Commission. survey in 1884-89,
whezo no changes had since occurred.
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The survey made by the Board broadly divide, under two general heads, as "river

Survey" and "valley survey."
The "river survey" embraced, besides the necessary triangulation, survey of shore

lines of both banks of the river and' of tops of natural banks; of improvements; of
timbered and cultivated areas; of islands, sand bars, sloughs, and all secondary chan-
nelm of the river; a determination of the slope of the water surface especially in the
pools above and below each I"crossing"'.'! soundin suffliont to develop all shoals,
or channel crosihngs, at various stages oi the river during both risinganhd Falling intor-
'tis; lines of channel sound(llngs at high and at low stages of the river, and boringhsto

determine the elevation of bed rock at selected points along and across the channel.
'i'he "valley survey" comprised their tAking of topography from the river except

that unchanged and depicted on published maps to.and ine ding the front slope of
the bluffs in Illinois and in Missouri; all characteristic features of the topography
Were taken' authentic high-water marks, especially those of 1844, 1861, 1858, and
1903, were determined, and boring at selected localities to develop bed rock if within
reasonable distance of the surface,

Methoda.--Tho methods used by all parties were those of the Mfissiseippi River Com-
mission onl similar work and governed by its published instructions, The main fea-
turof these methods are the use of the stadia for topography, with distances in meters
an(l elevations in feet. Each topographer was required to make an accurate sketch
of his work in the field, using protractor and scale, the sketches being to the same scale
as the detailed maps, but intended merely as a guide in the final platting,
Three sets of soundings were taken-cross river and channel, at the time of the survey

of the banks, and-continuous lines of channel soundings throughout the stretch, St.
Louis-Cairo, at times of high and low water.
The cross-river soundings of the Board's survey were taken on ranges about 1,000

feet apart and were located by intersections, using an instrument on the bank and a
range line. The channel soundings were located by a transit on shore and a sextant
on the boat. The continuous channel-line soundings were located by double sextant.
angles from the steamer.
A continuous line of levels was run generally on bnly one side of the river and between

succesitve bench marks, connecting where convenient with the topographer's stakes,
and determining the water-surface elevations at sounding ranges. Tenmj)orary gauged
were also established near the base of the work and elevations oftheir zeros determined.
These'gauge were read twice daily and their reading recorded.
A base line run pear the bluffs when at a distance irom the river was measured with

steel tape, checked'by stadia readings, and connected with the secondary triangula-
tion stations on the bluffs; stakes were determined about every quarter mile, and per-
manent points were established from I to 2 miles apart by setting iron piles.
The valley topography wM surveyed by running a series of croms-section lines about

one-half mile apart, beginning at the stakes of the "river survey" and joining on the
base-line stakes near the bluffs,
A level line was carried over the base-line Atakes, giving the topographers a level

elevation at each end of their lines; in places where the valley was more, than ordi-
narily widelanother line of levels was run midway between the bluffs and the river
and connected with the neighboring topogran)hic stakes,

Field pqrties.-lt was decided to place four survey parties in the field-plant being
available for that number-three to be engaged on the "river " and the " valley " sur-
veys, and the fourth to make the test borings necessary to determine elevations of bed
rock.
When the "valley" survey was undertaken it was proposed to us5e hand cars to

assist the detached parties working near the bluffs. Four such cars were obtained the
latter part of March, 1908, through the courtesy of Mr. A. WV. Sullivan, general manager
of the St. Louis, Iron Mountain and Southern Railway, and were used to advantage
by parties Nos. 1 and 2.
Considerable delay was encountered in procuring the necessary instruments and

field equipment for the parties, the manufacturers not being able promptly to furnish
instruments of the character required for the WVork, and some delays developed in
obtaining the requisite floating plant for quarters.
As the season was becoming late, the work of all parties was confined to the water-

way of the river-the main and secondary channels and the islands and bars within
the high-water lines-in order to complete that part of the work during the low-Water
season then existing, and the survey between the bluffs and the river banks was left
to be made during the following winter and spring.

Chiefs of party.-F'or duty as chief of parties No6. 1, 2, 3i and 4, respectively, Junior
EngineerGeorgo 1I. Wolbrecht, and Assistant Engineers Elugone I,. Ilarman and George
1H. French were temporarily transferred from the force of the secretary's office, Missis.
sippi River Commission, and Junior Engineer Philip Florreich, jr., from the United
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States engineer office, St. Louis. Mewrs. Harman, French, and Wolbrecht were in
charge of the parties performing survey work proper, and Mr. Florreich was given
char of the boring operations.

7' le river rvy,-The survey of the river, as such, Rwemade by the three parties,
taking the field about October 1 1907, in two and one-half months of actual field work,
an(d included the topography between high banks. This was completed from the
termination of the deep waterway survey between Chicago and St. Louis (head of
Arsenal Island) to the mouth of the Ohio River, and 6 miles up the Ohio, to Mound
City, Ill

In addition to the regular hydr graphic survey (in which was later included St.
Leois Harbor from head of Arsenal island to the Chain of Rocks) a continuous double
line of channel soundings was made from St. Louis to Cairo in December, 1907, during
the lowest water of the season and a single line of channel soundings between the
same points during the flood of June, 1908. The total river distance covered by the
survey is about 2 miles,

The tvalley survey.-The topographic suxtey of the bottom lands, covering about 00
square miles of territory, was completed in four months average time by the three
parties, including some additionallevels and topography taken after tie completion
of the general field work.
Observations for the measurement of discharge of the tributaries of the Misippi

River between Alton and Cairo were taken in the following streams: The Big MuddY,
at Sand Ridge and at Murphysboro; of the Wood River, about 2 miles aove the
mouth. of the Kaskaskia (Okaw) River about 4 miles above the mouth; of the Mera..
mec River, at Valley Park and of the River Des Peres.
The stage of the 'water being then unfavorable for work near Cairo, and repairs

being required on both steamers assigned to this work, topographical parties Nos. 1
and2 were withdrawn from the field on completion of work by No. 1 in the upper part
of the district, opposite Brickeys, Mo. (mile 46 below Eads Bridge, St. Louis), on
April 20, 1908, anrd by No. 2 near the foot of Liberty Island (mile 85) on May 2, and
they were then engaged in the office work necessary to complete the field plats.

Partv No. 3 was disbanded abolit'the middle of December, 1907, the chief of party
and a few suirveyors working up fSod notes in the St. Louis office till May 26, 1908
when; reorganized, it again took the field and completed the work near Cairo and
Mound City.

Test borings4-Survey party No, 4 (borings) took the field November 8, 1907, and
made 117 borings from government floating plant on 13 lines crossing the river 'and
on a longitudinal line extending from St. Louis to Cairo and long approximately
3,000 feet from the bluffs nearest the river. Nineteen land borings made under
contract completed the trantivalley lines.
Seven of the crow sections developed extend entirely across the alluvial valley,

one across the main glacial channel at the head of the St. Francis basin, one at
Grays Point, and one at Commerce the head and foot of the narrow gorge through
which the river pases; the three otbrs are partial tranavalley sections.

FIBLD ORGANIZATION AND WORK.

The three topographic surey parties were intended to have practically the same
general organization as to the instrument parties comprising each and the same
methods of work in the field; but the number of subparties engaged with each was
subject to change to meet the varying requirements of the different sections of the
district of river they were operating in, and the immediate needs that could be best
served by change in such general arrangement.
As a result the organization varied as to the number of subparties engaged in the

different classes of field work at any one time, but in general it may be said that the
average organization for each of the three survey parties adhered closely to the fol-
lowing outline:
One assistant engineer (or junior engineer), as chief of party; the neepary number

of surveyors (including a junior engineer if his services were available), with the
requisite number of recorders, survey men, axmen, and boatmen, to constitute four
transit Parties, and one level party, and allow, additionally, a surveyor and recorder
for work in the field quarters on general office reduction of notes and computations.
Each transit party was composed of one instrument man, one recorder and from
three to five stadia rodmen; the level party consisted of one observer and two level
rodmon. Three of these transit parties were to be engaged on topographic work
exclusively, and the fourth party, to be in charge of the jumor engineer, was, in addi.
tion to such work, to engage in the tertiary triangulation that might be required.
Oue of the transit parties was also available for the work of sounding cros-section and
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local channel lines. Boatmen and axmen were designed to these parties as required
to meet the needs of their work.
The following statement of the field operations of the three parties engaged on

topographic and hydrographic survey work -proper, and of the boring party, are taken
from the reports of the several chiefs of party,
survey partt; No, 1.-Junior Engineer Geo, H. Wolbrecht reported for duty with

the Board September 21, 1907, and Wu engaged in the organization of the party and
in other preparatory work until October 4, when the party entered the field. It
cqmpleted Its field work April 21 1908 and returned to St. Louis, and there com-
pleted the field maps and engaged in other office work.
the floating plant of this party consisted, at the beginning, of one large quarter

boat, six skiffs, and a fuel'barge; the outfit was increased later by the addition of a
small steam tender for towing the quarter boat, for sounding, and for transportation
of field parties to and from work, Thi plant was all obtained bS' loan from the
United Stte engineer office, St. Louis. iThe quarter boat, becoming unserviceable,
was replaced by a small office and survey boat,
On January 1, the steam tender was returned to the fleet as soundings had been

completed and ice was running in the river. February 18, 1408, the steamer Mercury
was obtained from the droedgi fleet of the Mississippi River Commission, This boat
being found incapable of towing the outfit upstream, was returned and the steamer
Choctaw fro& the same fleet replaced it on March 6. This boat together with the
office boat, fuel barge, and skiffs, was continued in use till the end of the field season,
The party, consisting at the start of 32 men, was reduced in number January 1,

1908, to about 20, engaged in mapping and the reduction of notes, no field work being
contemplated during the severe weather and period of running ice. Mild weather
toward thaeend of January permitted the increase of the party to the full force, and it
entered the field again Febrary 1, During February and March, to expedite the
work, the party was icreased to about 54 men,
The field work of party No, 1 consisted of the to hic and hydrographic survey

of the river and valley between and including the bluffs, extending from Guthrie
street at St. Louis (4 miles below Eads Bridge) to Fort Gage, Ill. (mile 66). This
was afterwards changed to include the " valley survey " as far as Red Rock Landing,
Mo, (mile 89), with the exception of the east half of Kaskaskia Island which had been
surveyed, but including the "Old River" back of that island, making a total of 72
miles of hydrographic survey and of 277 square miles of "valley survey."
The hydrographic survey was completed to Fort Gage (mile 86) December 1,1907,

and included the survey of the Missouri Valley to that point with all small islands
and slough.
The "valley survey" of the Illinois Bottoms was immediately begun on com-

pleting the "rIver survey," and during .the month of Decemberabout 45 square miles
of topography was taken. The party then moved into winter harbor at the United
States engineer fleet, Claryville, MIo. (mile 73), and the steamer was laid up. Field
work was resumed toward the end of January, 1908, the party remaining in the Clary-
ville Harbor and carrying on work in that vicinity as advantageous. '1he remailnder
of the Missouri Valley, including the Bois Brule Bottoms, was completed by detached
parties boarding at farmhouses near the work, Progress was retarded by the muddy
condition of the swamp lands, but this part of the survey was completed February
17. On March 6, the party transferred quarters to the steamer Choctaw, moved to St.
Louis, and commenced work on the unfinished part of the "valley survey." Repairs
were made to the steamer at the engineer depot St. Louis, and the detached parties
were transported by small tender. On April 26 this field work was completed and
the party returned to St. Louis the day following.

In all, the party was In the hielmsone hundred and ninety-seven days, of which
time work was suspended for twenty days on account of winter and for thirty-four
Sundays and holidays thirteen days were lost on account of rain and snow leaving
an actual total of one undred and thirty workingdayein the feld. The ischarge
observations of the River des Peres, Meramec, Wo, Big Muddy, and Kaskatkia
rivers were taken by this party.
Survey party No. S.-Assistant Engineer Eugene L. Harman was transferred to the

service of the Board on September 1, 1907, perfected the organization of his party,
and entered the field on October 5, 1907, on the survey steamer Patrol, furnished by
the Missisippi River Commission from its West Memphis dredge depot. This party
varied-in numbers from 36 to 65, the total of employees being dependent on both the
needs of the field work and the possibility of continuing operations during inclement
weather from winter quarters
The survey was begun immediately on arrival of the party at Fort Gage, ill. (mile

66 below Eads Bridge, St. Louis), the upper point of the stretch of the river and valley
survey originally signed to this party, whi was to extend from the bead of Kas-
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kaskia Island (mile 66) to Moccasin Springs, Mo, (mile 117). Work on both river
and valley surveys was continued until O(tober 18, when the party was instructed
to disconitinute the simultaneous survseyv of b)oth river and valley, and to concentrate
efforts solely on the river survey and hyd rogra)hy. This work was complete to a

point near onocDcafin:Sprlcgson

ccCClIbor3 tho party then: proceeding to Commerce,Mo. (mile 144), whenceoit continued the rivert survey downstream to connect with
similar work of party No. 3, then proceedings, upstream from iro.The joining of
river survey work by these two parties was e'fected&on December 12, and the steamer
Patrol took party Noc.3 in tow to the F'ayville fleet of the United'Statesengineer office;
party No. 2 p)ro((cole(l1 to St. Louis In order to make a continuous line of low-water
channel sotin"li16gs thiroughout the entire district from St. Louis to 'airo, This work
was accomplishe in five days, from I)ecomber 17 to 21, and thearty then returned

to thoe F'ayville fleet for winter harbor, runningice being expe'.te yh tOporatlng from this polnt ai a base, topography was hoken a,)ove Fayville to a short
distance above Thebes, Ill, (mile 140), andalalso acrossthe neck of land between the
Missis ippi and the Ohio rivers, from 0avyvillo toward Mound City (Ohio River, 6 miles
above Cairo). Work in this territory was continued until back water in the Cache
River from iheOhio put a stopto further operations In that locality.
On the redistriblition of the"valley survey" to parties Nos. 1 and 2, this party was

assigned the stretchextending front Cora Ill, oppositee the foot of Liberty Island mile
84) to Gale Ill The survey of thevalley was cmpletedin this'district, with but
eight(lays' Intervening delay on account of ice, onAfay 2, and the party returned to
St. Louis to work uip notes and complete the field maps of their territory.
In June, 1908, during and practically at the crest of the 1908 flood, a continuous line

of high-water channel soundings was made from St. Louis to the mouth of the Ohio
River )y this party. It also made measurements of the volume of discharge of the
BiAMu1ddy River at Sand Ridge, and at Murl)hysboro, Ill., during theirperiod of
active field work.
Survey party No.3.-Assistant EngineerGeo.II. French enteredOta his duties as

chief of this 1..arty.on September 1, 1907, and as the alignment of territory gave him
the lower part of the St. Loulis-Cairo district, the outfit for his party wasmade ready
before that of the two other parties. This party, complotelv organized entered the
field September 18 1907, being subsisted on aqau rter boatoXtaimed by loan froin theUnited States enlghnccr ollice, St. Louis, which had boon fitted up at the engineer
do ot for the use of that party.

'hfe first distribution ol survey territory gave for this party the str6t2Fiver and
valley extending from M1occasin Springs, to, (milo 117 blowEads Bridge, St. Louis),
to Cairo,ill. (nilie 186), the mouth ofthe Ohio River, and thence to farther extend up
the Ohio River to Mound City, Ill, (Ohio Rivor 5),Thoeparty arrived at Moccasin Springs on September 21 and began eldoperations
on September 23. Work wasstarted atthe head of Vancill Towhead (mile 116) aio
topography was takenOli theloft bank tothol Illinois Central Railiay tracks a dis-tancorOc2& miles from the river, as a limit. Tlihis procedure was continued till(Setober
16, when the entire force wasdirectedd toengage in the"river" survey alone. This
work was carried to Gratys Point, Mo, (mile 137), on November7, whenthe party was
traneforred to Brewers 'ohint (mile 166) to continue in the same manager of work to
Cairo, and thence upthe Ohio River to Mound City. On thisasignment work wascommenced atthe lowerond of(Greonloaf Bend(mle 168) on November 8 and com-
pleted from Brewers1'oint to Mound City on November 23, The outfit was then
moved to Hacker Towhead (mile 157) onl the 24th, and work was resumed upstream
to connect with tho work of party No. 2, and thatcOnnection was made at Commerce
Mo. (mile 144),oi Deember 11, Theparty thenmoved to Fayville fleet of the United
States engineer office,andt from that point as a base of operations resumed work at
Grays Point, which was continued until connection was establishedwith the work of
party No. 2 at Comnmnerc Mo, on December 18,
The party was disban(ded on December 19, and Assistant Engineer Fronch1 with

two surveyorsatnd two recorders proceeded to the St. Louis office and engaged in the
reduction of notes andtthe completion of their field muaps.
On the 25th of, May, 1908,the party was reorganized to complete some unfinished

topographical work in thevicinity of Greenleaf[lend (mile 168), Bird Point, Mo.
(mile

181), Mound City,lll .

This latter work of the party was done with the steamer Patrol, and the field work
consisted of filling in thegal$S'onitted in the previous survey, and the survey of the
entire peninsula from Beehridge(mile 169), including the village of Mounds (mile 173),
on the Mississippi, and the town of Mound City (mile6), on the Ohio, to and including
the city of Cairo, and a stretch of country west of Bird Poitit (mile 181) and northof
the St. Louis, Iron Miountain and Southern Railway to Stevenson's Bayou (mile 178)
and 6 miles west of Bird Point. Also country on the left bank of the Ohio from Cache
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Island and the railroad bridge to a point above Wickliffe, Ky. Work was contntiue(
till June 26, when high water interfered and the outfit. was taken to the Viayville fleeIt
of the United States engineer office, the party (disiande(l, and the steinnwer Patrol
returned to the Missisippi River Commssion dredge depot. Asistant Faigiuieer
Freuch and 10 surveyors and recorders returned to St. Louis tpprepare field maps of
the work.
Survey Party No. 4.-The bring partyornIzed in the first part of November, 1907,

with Jlunfor hugineer Philip Flo(rraeih,:Jr., in charge, a foreman, pilot, steam eongineor
recorder, and necessry subordinate help, made all borings in the river anlld mupe-rsio
those made on land. 'he large number of the river boring as well Us their naltuire
and the expensve floating plart required, almost preclulIe(l the possibility of having
them made by contract labor. The land borings were mnade by Jamsot kinney, Jr.,
under contract; his ouitflt was transported by rloer by thle United :States,
The floating plant borrowed from the United States engineer oflce, St. Louis, con-

sisted of an oflece anld survey boat, stean tender, pile driver, fuel barge, wood(6n flat,
and three skiffs. As: the work progresed another piple driver and a crow of foreman,
recorder, and six men were added on December 16, and later a repairAlisop boat.
When the line of channel boring was begun, a surveyor, three inspectors, two rec(ord-
ers, and additional stokers and watchneon were ad(l(o(l, the oiffcc boat and tender
returned: and the steamer Chociaw, of the Mississil)pi Rtiver Comlmission, obtained by
transfer from survey party No, 2, as the tender was not of sufficient power to move
the larger plant anil land-boring outfit expeditiously and economically and quarters
were not adequate to accommodate the increased force,
The river brings wore made from pile drivers by means of a pipe with Jet drill

attached, operated in a casing formed by a larger pipe. The water from the Jet
rettirned through the apace between the pipes, -bringing tp pieces of the material
penetrated, and was discharged at the upper end. The casing was forced (dowln b a
drop hammer, while material at the bottom was broke and loosened by the (ichurn ng
of the drill attached to the jet plpo combined with thle action of the water jet. The
discharged specimens of material were taken for record. When bed rock was struck
it was penetrated sufficiently to distinguish it positively from alluvium. Bed-rock
penetration varied from three-tentlhs of a toot to feet.

Location of boring ranges.-Borings were made on various (cross-section lines and
also on a longitudinal line. The (aross-section lines wore located at l)oints of least
distance between bluffs on opposite sides of the river, also whore floating l)lant eould
operate entirely acrow the river from bluff .to bluff. PartiLal sections were also made
where especially favorable circumstances made other boring possible without great
additional cost or much los of time. -

Borings on the longitudinal line from St. Louis to &airo were as nearly as possible
3,000 feet from either the Missouri or the Illinois bluffs, and spaced from 3 to 6 miles
apart.
In downstream order from St. Louis, cross-section ranges were as follows: Cliff Cave,

Meramec River Danby Landing, Mudds LandinI, Ste. Genevieve Bend, eIcnard,
Liberty Bend Pountain Bluff, UInion Point, I)ev i18 Ta Table, Head of St. Fsrancis
Basin, Grays Koint, and Commerce. Of these the Menard and libertyy Bend cros
sections were made with the floating plant, and (extended across the entire allivial
valley. Cliff Cave, Mudds Landing, Devils Tea Table, and Foun"tain Bluff ranges
were made with both the river and land boring plants. On Ste. Genevieve Bend
action only four borings were made, with the river plant alone, but it forms another

very fair section extending across the entire valley. Thoe cross section at the head of
the St. Francis Basin was developed by borings along the shore in Cape Girardeau
Bend and. extends from te bluffs at Cape GI rardeau to the upstream side of the
isolated ridge at Grays' Point.
The other sections, at Meramec River, Danby Landing, and Union Point, are par-

tial sections not extending beyond the river banks.
The drivers were moved into position by steamboat and moored to the banks or to

piles specially driven, or anchored. For channel borings where the depths wore too
great to drive piles, two anchors for head lines and two or more for side lines were used.

In boring, the lead end of the driver was downstream, and a wooden flat was placed
immediately below, on which to couple pipe and carry all boring apparatus; when
drawing the casing the flat was placed partly under the leads of the driver, thus giving
additional buoyancy.

Casing of 4-inch double extra strong pipe was used and found very satisfactory,
affording enough bearing surface at joints to stand driving and p)ossessing sufficient
strength and thickness to prevent bending. Sections in use were firmly joined with
double extra strong hydraulic couplings.
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It was found by experience that the most satisfactory form of dril wa, a cross or X
bit with five jet holes so designled as to give a naxiuiiilm cutting edge without reducing
the jet stream. Several other types were tried, but none found equal to this drill, ang
the successful results of the boring operations are largely due to its use. The churning
of they drill was done with a line romhthe end of the jet pipe passing over a pulley in
the top of the leads to a winch on the hoisting engine.
Drive shoes onl the end of the casing were also tried. They were found of no advan-

tage, and as they were soon broken and badly worn, their use wasdiscontinued and the
casing was driven without protection 'of the lower end.
The casing was connected to a nipple fitted permanently into drive head. This

was found necessary, as from constant use the shoulder of the drive head became bat-
tered and worn, spoiling the threads of the casing that entered, which in turn ruined
the joints between the following sections, necessitating frequent renewals. By insert-
ing the nipple permanently the coupling on the end of the sleevereplaced the threaded
portion of the drive head, with the advantage that when worn it could be replaced
with another coupling. In this way wear on the threads of the casing pipe was prac-
tically eliminated.
Drive heads were used in two forms, one circular made from 6-inch round steel, and

one with square top of cast steel, and were designed for driving either 4-inch or 6-inch
casing. Both were found very satisfactory with the exception noted, that of stripping
the threads of the casing by continued service, which was overcome by use of a nipple.
There were two openings in the heads so that discharge of material could be made on
the flat.
A 6-foot length of 4-inch ordinary pipe was screwed into the upper end of the drive

head, serving as a standpipe to keep discharge water from overflowing, asa guide for
the hammers, and as a protection for the Jet pipe. A cast-steel plate 12 inches square
and 2 inches thick beneath an oak block 12 inches thick was placed immediately over
the drive heads to distribute the blow of the hammer and act as a buffer.
For a hammer use was made of two pile followers:or guides, with hole to allow vertical

movement on the standpipe, and a casting of similar shape but not dished, which was
used below the hammer to prevent wear on the buffer bloc. : The weights composing
the hammer (totaling about 1,400' pounds) were fastened with iron cable to which were
attached the ends of the bridle linepasing over a pair of pulleys in the top of the leads
and thence by single line to the hoisting drudm. The hammer, drill, and water jce were
operated simultaneously, the hammer at about 40 blows per minute, with an average
drop of 1I feet; the churning was done independently of the driving and requiredtcon-
stant attention to prevent penetration of the drill below the' casing, which would result
in loss of back flow through the casing, permit the entrance of gravel, the clogging of jet,
packing by sand, and minor troubles depending on character of material penetrated.
Land bomings.-The land borings were made under contract, using three Keystone

well-drilling outfits. Of the borings made 16 were to complete cross sections on which
the river boring were already made 4 being necessary at Cliff Cave, 5bat Mudde
Landing, 5 at Devils Tea Table, 2 at Pountain Bluff, and 3, for special examination,
were on almost straight line between Fayville (old river town of Santa Fe) and Beech-
ridge, Ill.The casing used was 6 inches in diameter, both ordinary and extra strong pipe bemig
employed. It was driven with the regular, drop weight-of about 1,600 pounds. The
material was broken down with a churn drill consisting of stem and bit that together
weighed about 800 pounds; the casing was bailed with the regular sand pump.
The land-boring party was engged from May 28 to August 21, a period o almost

three months, working one hundred and fifty drill days of eight hours each and mak-
ing 19 borings. This time does not include that required for movement of con-
tractor's plant from one locality to another by the United States boring party.

Notes and records.-For determining depths of river borings the leads of the driver
were graduated in feet and half feet the water surface being zero. The top of the
casino pipe was used as the index of the depth. The lengths of pipe sections were
recorded when attached, and when put in position the height above water surface as
indicated in the leads was noted.
A record of fluctuations in riverstage while a river boring as being made was

obtained by a temporary gauge near he borings or from readings of a permanent
gauge if near the work. Soundings were taken at the drivers for a better determina-
tion of the bottom depth, as the depth shown by the top of the casing when first low-
ered was generally too great on account of the casing sinking into thebed of the river
for several feet. A similar method of determining depths penetrated was followed
in the case of land borings, using a graduated rod erected near the boring, having
its zero at the ground-urface, the elevation of which was determined.
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The record of the boring kept in notebooks was supplemented by a complete and
Independent record on tags attached to the cans in which the specimens were tem-
porarily kept; subseq uently samples were prepared in glass tubes on a scale of one-
fourth inch to 1 foot for study and comparison of strata.

Character o/ strata penetrated,-The material forming the river bed consisted almost
entirely ofgracial drift varying iny sizefrom fine silt to coarse gravel and bowlders.
For conveillence it-may be classified into silt, quicksand, fine and coarse building
sand, fine and coarse gravel, and bowlxders. Besides this glacial drift there were also
various clays and soils as loess clay, which occurred near the bluffs, various colored
guinbo, sticky impervious clay (hardpan), and ordinary tillable or humus soil. Logs
and particles of lignite were often encountered. Fire clays, slate shale, and various
siliceous formations were encountered overlying the bed rock. These were generally
only a few feet in thickness while the thickness of the alluvium proper varied greatly.
However, the silica formation, according to records of oil-well boring at Grand Tower,
was 250 feet in thickness.
A close study of the sample tubes fails to show stratification or any regularity in

the occurrence of the material, In chemical composition the particles ofnand and
gravel varied slightly, being in almost all cases particles of acid crystalline rocks
consisting of quartz, granite gneiss, porphyry, and other siliceous rock, quartz
predominating. While the arrangement of the material was very irregular the
classification of the different varieties according to size and color was very distinct
sands of same size of particles but of different colors being distinctly separated and
rarely found mixed and then mostly in the sands near the surface. Thus a green
sand will -be free from particles of different color, though sands of apparently the
same size and density but of different colors will be found in 'close proximity on
the sane boring. This would seem to indicate that the material was deposited and
transported in Irozen masses by glacial action rather than as sediment by flowing
water.

'The local sedimentary rocks, limestone, and sandstone were seldom found except
as bowlders near the bluff shores. Bowlders of quartz, granite, and potsdam sand-
stone a foot or wore in diameter were sometimes also encountered.
Number of borings.-The total number of boring made by United States party

(not including experimental ones and those abandoned on account of extreme depth
of bed rock or other reasons) was 117, with a total penetration of 12,060 feet, an
average depth for each boring of 103.1 feet below the water surface or 91.8 feet below
the bottom.
The number of borings made on land by the contractor Was 19, with a total -pene-

tration of 2,473 feet to an'average depth of 130 feet below the surface of the ground.
In addition to the regular work jet borings were made with pile driver in the latter

part of December, 1908, to investigate the nature of the river bottom in the gorge
between Grays Point and Commerce, particularly in the vicinity of the Paul Jones
rock, where it was suspected as a result of comparisons of cross sections developed
by surveys in different years that bed rock might be found within short distance
of low water. The borings disclosed bed rock approaching to about 17 feet below
low water over the greater part of the cross section.

FIELD OPERATIONS BELOW CAIRO.

(These operations were carried on under the direction of the recorder.)
During 1907 the Mississippi River Commission carried on experimental dredging

at three crossings with a view to determining the feasibility of obtaining and main-
taining a 14-foot channel by that means. The Board took cognizance of these opera-
tions, and, having access to the reports and records of the commission, has made a
study of the results of the experiments. The 14-foot experimental dredging was
resumed by the Mississippi River Commission at the beginning of the low-water
season of 1908, and the Board was authorized by the commission to select, in the
interests of the Board's work, the localities for the operations. The Board selected
three localities-Corona, Uzells, and Linda-and the dredging was prosecuted at the
first two of those points throughout the season and at the third after October 28.
Measurement of the length of caving banks between the mouths of the Ohio and

Red rivers was carried on under the BMar(d's direction during the low-water season
of 1907, and the entire stretch was covered betyveen October 9 1907, and January
31, 1908. This work was done by the Mississippi River Commission gauge inspection
and survey parties specially organized to carry on the extra work of measuring the
caving banks.
These parties also made soundings of crossings between the mouths of the Ohio and

Red rivers to determine which ones had at an) time channel depths less than I feet.
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OFFICE WORK.

Gcneral.-The preparation of the ftial charts of the Board's survey of the stretch of
river between St. Louis and Cairo Was accomplished by the regular drafthig force of
the secretary's office, Alis8issippi Riveir Commission, under the personal direction of
Assistant Engineer'C. W. Clark. These are detailed topographic niaps, drawn in 17
sheets, 44 by 72 inches, on a scale of I:10,000, depicting the various features of topog-
raphy, hydrography, and bed-rock determinations, and other details as to protection
works that have been constructed for the improvement of the river in that district
and of such works as are still existing, with tables showing the stages of the river and
graphical depiction -of the principal data of each gauge shown or referred to.
The drafting of the maps comprised the projection and index charting of the 17

sheets and the transference to them of the topography and,,hydrography ciepicted on
the field sheets, which were forwarded by the survey parties as completed.

Various survey data pertaining to the sections of the Mississippi River above or
below the mouth of the Ohio River, as mentioned later, were also placed on these
maps.
These maps were completed early in October, and as they had been prepared with

a view to the reproduction on reduced scale, advantage was taken by the St. Louis
United States engineer office and Misissippi River Commission of the interval between
their completion and the termination of investigations then in hand by the Board to
accomplish their reproduction on a scale of 1: 20,000, the work being done by the-UnitedyStates Lake Survey, Detroit, Mich.

Mr. Clark personally prepared a small scale general map showing the territory adja-
cent to the proposed 14-foot waterway between the Great Lakes and the Gulf of
Mexico.
A graphical representation of the discharges of the Mississippi River from Grafton,

Ill., to Red River was prepared, and tables of all available discharge data of the same
stretch of river were compiled under the direction of Assistant" Engineer Kivas Tully.
He also prepared a general statement of past projects and o tal appropriations for
the improvement of the Mississippi River between St. Louis and the Gulf.
A condensedstatement of the main physical characteristics of the Mississippi River

between St. Louis and the Gulf of Mexico Was prepared by the recorder under the
direction of the. Board, with accompanying diagrams and tables.
A comprehensive profile of the Misslissippi River from St. Louis to the mouth of the

river was prepared showin high and low water planes, and bed of the river.
A curve of dischare of the Mississippi River at St. Louis was constructed from data

obtained from the Mississippi River Commission, 1880-81, and a similar curve from
the data obtained by the United States engineers office, St. Louis, in 1900-1904, were
prepared for the purpose of comparison

llvdrographs were prepared of the principal gauges between St. Louis and Cairo for
the fiscal year 1907-8, for fuse in connection wnth the maps from the Board's survey;
also a comprehensive hydrograph of these same gauges for the periods since they were
established up to June 30, 1908.

llydrographs of these principal gauges were made for the period from 1896 to 1907,
inclusive, showing the mean, maximum, and minimum stages for each day of the year.
A sheet of typical cros sections of the Mississippi River in wide, narrow, and medium

width reaches with a datum plane, was prepared, and show also high and low water
marks; the location of these typical cross sections has been indicated on the original
maps.

thei bench marks; triangulation stations, high-water marks, and similar data per-
taining to the Board s survey of the St. Louis-Cairo stretch of river, has been tabulated,
and the descriptions prepared.
A condensed profile of the stretch of river between St. Louis and Cairo was prepared

and shows comparative thalweg of river bed in 1907 and in 1884-89 (Mississippi River
Commission survey); planes of floods and low water and the underlying bed rock.

Profiles in three sheets each, prepared to accompany the slack water and the lateral'
canal projects=, and two profiles, a single sheet each, were prepared on blueprints of
the condensed profile for the project for complete regulation work.

Sets of the photolithographic reproductions of the Board's St. Louis-Cairo survey
were also prepared to show the proposed works under the first two of these projects.
Crow sections showing bed rock as developed by boring and also the location and

depth of all borings made, have been shown on the detailed charts; a longitudinal
profile of bed rock along the approximate channel of the river from St. Louis to Cairo
was prepared, showing the depth of the borings and the character of the strata pene-
trated, also showing planes of floods and low water and the river bed. Cross sections
showing similar details were also prepared for the tranavalley lines of borings.
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Borngs nmade by bridge companies, and in investigations by the Uinited States
engineer office, St. Louis, have been patted, and cross sections at the b)ridlgeci showing
bed-rock profile, clearances above high water, etc., have been placed on the final
charts.
Sample tubes for all borings have been made for study of the strata penetrated.
Tables were prepare(I giving river stages at principal gages between St. Louis and

Cairo, from the dates of establishment of the gauges to June 30, 1908.
Reports of the experimental dredging operations of the season of 1907 and 1908

were received and digested. Surveys of the crossings before, during, and after the
14-foot dredging were studied, and reports on the operation of both seasons were
prepared by the recorder (for the first year. in his capacity as secretary of the com-
mission, for that body, and in the second year in his capacity as recorder of the Board).
The recorder's report of 1908 operations appears in Append(ix No. 9.
The reports and maps of caving banks between the mouths of the Ohio and Red

rivers, as received from the field were compiled and tabulated. A diagram in 7
sheets in colors has been prepared-showing the length of caving banks and their
a proximate location, and the rate of caving throughout the stretch. A map covering
the entire stretch was prepared in 1 sheet and gives the approximate locations and
the lengths of caving banks.

All authoritative reports of soundiRgs on crossings between mouths of the Ohio and
Red rivers were tabulated in cooperation with the Mississippi River Commission
for both years, and all maps of bar surveys in the stretch were examined, and from
the results a table was prepared for each of the two years, giving the names and loca-
tions of all the bars in the stretch where a channel depth of less than 14 feet occurred
during the low-water seasons, and giving also the least depth found on each of these
bars during each year.
The data as above obtained and the reports on past dredging and bank protection

and contraction operations tinder the Mississippi River Commission and the gauge
records of the district were studied and an estimate of cost of the improvement of the
river between Cairo and the Red River was prepared under the direction of the Board
by the recorder.
Except as noted below, all maps, profiles, tables,-and other data used b the Board

and enumerated above were prepared un(ler the general supervision of t e recorder;
those pertaining to the stretch of river above Cairo were prepared under the immediate
supervision of Assistant Engineer Wm. M. Penniman. The regular drafting force of
the Mississippi River Commission2 augmented by the computing and drafting force of
the Board, performed all computing, mapping, and preparation of hydrographs, pro-
files, and miscellaneous data.
At the United States engineer office, St. Louis, some work was done under the

direction of Assistant Engiwoner Wim. S. Mitchell (in addition to his preparation of a 14.
foot dredging project for the district between St. Louis and Cairo), and consisted of the
preparation of data for the use of the Board in its investigations; the more important
items of this work were the tabulation of a statement of cost of work done under that
office for the improvement of the St. Louis to Cairo stretch, with estimates of the cost
of work to complete that project; a comparative curve showing the relation between
depths on crossings and to river stages for the St. Louis-Cairo district; a measures ent
of the eroded areas and. their volumes -in that district for the last three decades; a
tabular statement regarding the permanent and perishable works of improvement in
the Mississippi River between St. Louis and Cairo, with showing of cost and character,
prepared for the use of the Board in its stldies. Also the compilation of data for the
preparation of the hydrograph of the St. Louis gauge for the period from 1861 to 1908.

PROJECrS FOR IMPROVEMENT.

Projects have been prepared for the improvement of the Mississippi River below
St. Louis to the Gulf of Mexico, to produce and maintain a waterway having a liaviga-
ble depth of 14 feet; the entire route has not been treated as a unit, but has been con-
sidered in two sections-above the mouth of the Ohio River from St. Louis to Cairo
and below the mouth of the Ohio from Cairo to permanently deep water.
For the section above Cairo the following projects have been prepared:
For obtaining and maintaining the desired channel by means of hydraulic dredging

alone, by Assistant Engineer Wmn. S. Mitchell.
For coinplete regulation of the open river by means of works of permanent iniprove-

ment, by Assistant Engineer Wim. M1. Penniman.
For slack-water navigation within the river itself by means of a system of movable

dams, by Assistant Engineer J. W. Voerniann.
For a system of canal or canals, several routes being offered by Awistant Engineer

J. W. Woermann.
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For the section below Cairo a project has been prepared for improvement-
By means of hydraulic dredging, with contraction and bank-protection works,

by Apt. G. R. Lukesh, Corps of Engineers, U. S. Army, recorder of the Board.

ADMINISTRATION

All office and field work under the Board, except such as was done by members
or by committees was under the general supervision of the recorder, Capt. G. R.
Lukesh, Corps of engineer., U. S. Army. He retained personal charge of the field
and office work below Cairo and general supervision of work throughout the entire
stretch. The field and office work in the district between St. Louis and Cairo was
under the immediate suDervision. of Assistant Engineer Wm. M. Penniman.
The disbursement of the funds of the Bgard was handled entirely by the secretary

of the Mississippi River Commission. (Until November 30, 1908, the recorder of the
Board was the secretary of the:Mississippi River Commission, and since that date
First Lieut. 0. H. Knight,iCorps of Engeers, U. S. Army, the secretary of the com-
mission, has been the disbursing officer of the Board.)
One clerk James N, Patrick, formed the permanent staff of the Board, and was

engaged on board Aduties exclusively.
Purchases of instruments, plant, and supplier such as could not be obtained from

the Mlississippi River Commission or the United States engineer office, St. Louis, were
made by the secretary of the Misissippi River Comnission. The survey-parties above
Cairo were supplied and outfitted principally by tihe St. Louis engineer office, using
the plant of that office, but at the expense of funds in the hands of the disbursing
officer of the Board.

Miscellaneous office work, property accounts, correspondence, typewriting, and
so on, was divided between the offices of the recorder of the Board and the secretary
of the Mississippi River Commission.

APPENDIX No. 22.

A COMPILATION OF DATA IN REGARD TO PERMANENT MARKS OF MISSISSIPPI RIVER
SURVEY, ST. LOUIS, MO., TO CAIRO, ILL., WITH A BRIEF HISTORY OF THE PRINCIPAL
GAUGES OF THE MISSISSIPPI RIVER BETWEEN ST. LOUIS AND CAIRO AND A RECORD
OF EXTREME HIGH-WATER MARKS BETWEEN GRAFTON, ILL., AND COLUMBUS, KY.

IPrepared under the direction of the Board on Examination and Surver of Missippi River (createdbJ act of Congress March 2, 1907) by Wm. M. Pennlnian and J. W. Skelly, msistant engineers, and Geo.
Wolbrecht and Philip Florreich, Jr., junior engineerss)

The following data, with descriptions, of permanent marks of United States surveys
in the alluvial valley of the Mississippi River between St. Louis, Mo., and Cairo,
Ill., is designed to embrace all such ,marks now in existence.

Its scope includes the permanent marks shown on the charts (published in seven-
teen sheets) of the survey of 1907-8 of the Board on Examination and Survey of Mlis-
sissippi River or located within the territory covered by them, and also a few perma-
nent marks of unusual importance or prominence closely adjacent to but not within
the limits of those charts.
The compilation includes the secondary and tertiary triangulation stations, the

precise level and the stone-line bench marks of the AMississippi River Commission;
the tertiary triangulation stations and bench marks of the United States engineer
office St. Louis, Mo., and the tertiary triangulation and base-line stations of the
Board on Examination and Survey of Mississippi River.
The latitudes and longitudes of the secondary triangulation system of the Mississippi

River Commission, 1880-81, are derived geodetically from the United States engineer
astronomical station of 1876 at Cairo, Ill., and all other geographic positions contained
herein are controlled by that system of triangulation.
The elevations given are based on the precise levels of the Mississippi River Com-

mission of 188&-81, and are shown in feet above Memphis datum plane, which is 190.84
feet below the zero of the United States engineer gauge at Memphis, Tenn., 420.84
feet below the St. Louis "City directrix," and approximately 6.84 feet below mean
sea or gulf level.
With a few exceptions, the stations marked "U. S. Coast and Geodetic Survey"

were included in the secondary triangulation of the Mississippi River Commission,
and, unless otherwise stated, only the latter determinations are given. For the latest
United States Coast and Geodetic Survey values for such stations see their Special
Publication No. 4, 1900, "The Transcontinental Triangulation," as follows: Descrip.
tioni, pages 77-79: geodetic positions, page 859.
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The stations are scheduled in the downstream order of the seventeen charts from St.
Louis to Cairo; the stations pertaining to each separate chart are arranged in descend-
ingorder by latitudes.
The authority and sourvrey date is indicated for each station; the chart number

followin title indicate that station is plotted on the-chart so referenced; "not plot-
ted " foltows the reference for stations within the limits of the charts but not depicted.
Stations not within the limits of the maps are so noted.
The latitudes and longitudes are given to secondhand hundredths; the equivalents of

the seconds are given in meters to the nearest meter, the positive value first with plus
sign, and followed by the minute complement with minus sign.
The expression of azimuths, distances and elevations has been carried only to such

degree as is considered commenllurate with the accuracy of the doterinining survey,
or with'the value of the reference. Those which occur as whole numbers are given
without use of decimal point and zeros
The descriptions of the, permanent marks are the latest available; they were com-

piled largely from: the field notes and original records, and all published data of the
various offices and surveys cited as authorities have been used.
The following symbols are used to designate the class of a permanent mark: @ =sec-

ondary triangulation; A = tertiary triangulation; E) = permanent bench mark, deter-
mined by precise levels; 13= stone-line or other bench marks determined by ordinary
levels; and @= base-line station of the Board on Examination and Survey of Missis-
sipp River.
A brief history, or description, of the principal river gauges of the Mississippi River

between St. Louis and the mouth of the Ohio River. and of the Ohio River gauge at
Cairo is given, with mention of bench marks conveniently located for the verification
of the gauge elevations; and the authorities for the data given are also cited,
A record of extreme high-water marks of the Mississippi River between Grafton, III.,

and Columbus, Ky., completes this appendix. Data were obtained from various
sources for. this compilation; and for the floods of 1785 and of 1844 the record embraces
all authentic marks and references of value that could be found. Below Thompson
Landing, Mo., the Ohio River flood of 1883 is the highest reliably recorded, and
appropriate notes on that flood have been included under the 1844 record.

PERMANENT MARXS OP MISSISSIPPI RIVER SURVEY BETWEEN aT. LOUIS, MO., AND
CAIRO, ILL.

0 KENDALL.

Missouri River Commission, 1887. (Not in limits of Board on Examination and
Survey of Mississippi River charts.)
Latitude 380 5Y 3W'.69, meters +1,224, -626.
Longitude 900 02' 44Y'.58; meters +979, -468.
To@Sugar Loaf, azimuth 348039' 24",jdistance 16,176.1 meters.
ToA Intake Tower, azimuth 50° 32 (1905).
ToAChain of Rocks, azimuth 520 26' (1905).
ToAMadison Chimney, azimuth 440 61' (1905).
To&Granite Cit , azimuth 31° 21' (1906).
Stone post, marked with 6-inch iron pipe with cap, 6 inches above ground in Illi-

nois; 75 feet north of the Alton and Edwardsville road; about one-half mile north
and one-fourth mile west from the southeast corner of section 36, township 4, range 9,
west at which corner is the railroad station, Wanda. It is on the hihest point of the
bluff; in thick brush 30 feet south of the road that leads to house of Simpson brothers,
owners of soulrrounding land. (The latitude and longitude given above were de-
rived by adjusting the Missouri River Commission values for this station to the Mis-
sissippi River Commission triangulation, and the azimuth to @ Sugar Loaf was like
wise adjusted.)

A MISSOURI RIVER.

United States engineer office, St. Louis, Mo, 1901. (Not in limits of Board on
Examination and Survey of Missiippi River charts.)
Latitude 380 49' 35".64; meters +1,099, -761.
Longitude 900 06' 31".53; meters +761, -687.
ToALevee azimuth 130 26' 05", distance 2,860.7 meters.
TooP. B. A. 11, azimuth 2890 42' 52", distance 399.5 meters.
Iron pipe flush with surface of revetment opposite mouth of Missouri River. It is

48 feet southwest from blazed elm tree; 42.7 feet west from another blazed elm tree;
31.7 feet west from a spike about 6 inches above ground in a large elm tree with crotch,
near river bank. The 1,50foot stake of the United States engineer office revetment
or bank protection is 1 foot west and 1 foot south of this spike. The station is on edge
of revetment and 1,310.1 feet from P. B. M. 11, Miseiiippi River Commission.
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0 P. B. M. 11.

Mississippi River Commission, 1880. (Not in limits of Board on Examination and
Survey ofUMississiypi River charts.)

Latitude 380 49 31".27; meters +964, -886.
Longitude 900 06' 15".94; meters +385, -1,063.
Elevation: 420.70.
ToA Missouri River, azimuth 1090 43' 01"/ distance 399.5 meters.
Top of cQpper bolt in stone post in woods, 2 meters north of a honey-locust tree;

about 10 meters north of road; and 11 miles below Alton, Ill. Stone is 400 meters
back from river bank, opposite the point of Missouri shore, at upper mouth of Mis-
souri River.' There is a road leading back from the river past the station. The road
leads through the woods and is nearly grown over now.

A LEVEE.

United States engineer office,, St. Louis, Mo., 1901. (Not in limits of Board on
Examination and Survey of Mississippi River charts.)

Latitude 380 48' 05",.41; meters +167, -1,683.
Longitude 900 06' 59".08; meters +1 426, -i22
Tot Misouri River, azimuth 1930 25) 48", distance 2,860.7 meters.
Iron pine, about 6 inches below the surface and on the end of a broken levee in

Illinois; near the foot of the "Missouri River" revetment, in 1901. A mound of
stone covers and marks the station. Four elm trees on the slopes of the levee are
blazed with nail and triangle. Their distances are: To tree northeast from station,
20.80 feet; southeast, 14.64 feet; southwest, 16.85 feet; northwest, 18.18 feet.

A CHOUTEAU ISLAND NO. 2.

UnitedI States engineer office, St. Louis, Mo., 1901. (Not in limits of Board on
Examination and Survey of Mississippi River charts.)

Latitude 380 46' 56".72; meters +1,749, -101.
Longitude 900 09' 06".57; meters +159, -1,290.
Iron pipe, 6 inches above ground, 235.6 feet back fromAChouteau Island, in Illi-

nois; 12 feet west from field and 4.96 feet east from spike in blazed willow 8 inches
in diameter; 20.7 feet north from spike in blazed willow 7 inches in diameter on
same slope; and 32.6 feet south from spike in willow, 6 inches in diameter, blazed 5
feet above the ground.

® AMERICAN BOTTOM UPPER BASE.

United States Coast and Geodetic Survey, 1872. (Not in limits of Board on Exam-
ination and Survey of Missisppi River charts.)
Latitude 380 39' 50"'.16; meters +1,547, -303.
Longitude 90(1 00 58".61; meters +1,417, -34.
Elevation: 528.44.
Too Insane Asylum, azimuth 730 61' 10"'.81, distance 23,849.46 meters; back azi-

muth, 2530 41 19".72.
To®Clarks Mound, azimuth 260 44' 35".69, distance 10,509.11 meters; back azimuth

2060 42' 33".76.
To® American Bottom, azimuth 240 40' 11".88, distance 7,266.884 meters; Lower

Base, back azimuth 2040 38' 53".62.
The station is situated on the west slope of the Illinois bluffs, on the east side of the

American bottom in Madison County, 11, opposite St. Louis; on land belon in to
Mr. A. Sumner; about one-fourth mile north of the road from East St. Louis to &Iol '-
ville, and a short distance east of the road running north from the Collinsville road
along the foot of the bluffs. The center is marked by a cross cut on a copper bolt set
in the top of a limestone monument 12 by 14 by 40 inches, inscribed in a similar manner
as the monument at Lower Base. An earthenware pyramid is buried 4 feet below the
surface of the ground directly under the cross on the copper bolt. Two reference
posts were set, one in prolongation of the base, and one at right angles to the eastward,
each 5 by 5 by 30 inches, and distant 24 feet from the center.
The center of the head of the copper bolt inseiabd in the stone monument marking

the base is B. M. "H3" of the United States Cowst and Geodetic Survey.
Elevation derived by adding 6.87 feet to tbe United States Coast and Geodetic

Survey mean sea level value of 1903. (See not'i under "K " St. Louis City Direc-
trix; and for latitude, longitude, azimuths, and lvcrigths of Sines, see "Note" under
Lower Base.)
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@ AMERICAN BOTTOM LOWER BASE.

United States Coaot and Geodetic Survey, 1872. (Not in limits of Board on Exam.
ination aild Survey of Mississippi River charts.)

Latitude 380 36,16" .98; meters +493,-I.,357.
Longitude 90° 03' 03"-.96; meters +96, -1,356.
To® Insane Asylum, azimuth 890 63' 40"'.73, distance 19,876.51 meters; back azi-

muith 2690 45' 08 .24. -

This station is situated on the west slope of the Illinois bluffs on the east side of the
Aenrican bottom, in St. Clair County, Ill.; opposite St. Louis, on land belongirg to
Mr. Francis Simoin; and Jon the west side of the road running north fromtheg Beileville
rock road along the foot of the:bluffs through the small settlement of French Village
It is about 1 mile from the rock road and oone-fourth mile from the village; 4 meters
west of the fence at the side of the road; and about 193 meters north of Mr. Daverirol's
houlse. The center ismarked by a cross cut on a copper bolt set in the top of a limie-
stone monument 12 by 14 by 40 inches, having theletters U. S. C0. S. cut on the side
facsting thebase, .1872 on one side, and BAsE on another, -An earthenwarepyramid i.
buried 4 feet below the surface of the ground, under the cross on the copper bolt
Two reference stones were set, one in prolongation of the base, distant 39.37 eet, and
the other at right angles to the eastward, distant 634feet from the center.
NoTE.--The values of the latitudes and longitudes given for both ends of base were

derived by comparison of the published results of the surveys of the United States
Coast and Geodetic Survey (Special Publication No. 4, 19005and of the Mississinp)
River Commission secondary triangulation, and reduced to the latter system. 'The
lengths and azimuths of lines from both stations are the United States Coast and
Geodetic Survey values taken from the same publication.

@ INSANE ASYLUM.

United States: Coast and Geodetic Survey, 1.871, redetermined by Mississippi River
Commission, 1880-81. (Not in limits of Board on Examination and Survey of Missis-
sippi River charts.)

Latitude 38° 36'13".99; meters +431,.-1,419.
Longitude 90° 16' 45".37; meters +11,098, -354.
To®Clarks Mound, azimuth 2780 26' 41".11, distance 18,387.10 meters.
To® Dryer, azimuth 3280 13' 50".30, distance 13,331.28 meters.
ToStandpipe azimuth 2190 42' 23"/.41, distance 9,606.16 meters.
Is about 5 miles southwesterly from the court-house at St. Louis and about 500 feet

south of Arsenal street, at a point about one-half mile westerly from its intersection
with Kingshighway, at Brannon avenue and Arsenal street. The geodetic point is
the finial of the cupola of the building. Eccentric stations were occupied on the main
floor of the cupola.

® CLARKS MOUND.

United States Coast and Geodetic Survey, 1872, and Mississippi River Commission,
1880-81. (Not in limits of Board on Examination and Survey of Mississippi River
chart.) I

Latitude 380 34' 45".75; meters +1,411, -439.
Longitude 90° 04' 13" .97; meters +338, -1,115.
To'Standpipe, azimuth 1300 04' 14".84, distance 15,717.61 meters.
To Dryer, azimuth 520 25' 32"'.25, distance 14 116.73 meters.
To® Insane Asylum, azimuth 980 34' 29".80, distance 18,387.10 meters.
To®Sugar Loaf, azimuth 2010 51' 33".35, distance 14,606.56 meters.
A United States Coast and Geodetic Survey station on (harks Mound (supposed to beof.

Indian origin) situated on bluffs'aboult three-fourths of a mile south of French Village
and Belleville' rock road, St. Clair County, Ill. The station can best be reached
by a road leading off the Bellevilie rock road to a farmhouse belonging to Mr. Ogle
and tenanted in 1872 by- Mr. Mitchell. The road spoken of leaves the Belleville
road about 1 mile east of trench Village. Geodetic point is an earthenware pyramid
buried about 4 feet under the surface. Surface mark is a marble post 6 inches square
about 10 inches above ground, marked U. S. C. and G. S.

0) P. B. M. 12.

Mississippi River Commission, 1880 an(1 1889. (Not in limits of Board on Exami-
nation and Survey of Mississippi River charts.)

Latitude 380 46' 52".70; meters + 1,625, -225.
Longitude 900 1.0' 55".72; meters +1,345, -103,
Elevation: 464.76.

383
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Top of copper bolt in stone post on right bank; in corner of grove; 66 feet west of
Columbia Bottom road; 1} miles upstream from Chain of Rocks; on land of B. M.
Chambers; and 2,300 feet upstream from bridge on Columbia Bottom road over Wat-
kin's Creek.

A CHOUTEAU BAR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 38° 46' 12'".52; meters + 386, -1,464.
Longitude 900 10' 13"/.34; meters +322 -1,127.
To, Intake Tower, azimuth 240 19' 37/), distance 1,421.6 meters.
ToAChain of Rocks, azimuth 460 40' 06,", distance 1,688-.8 meters.
Iron pipe on foot of high willow bar on Illinois side of river and opposite group of

houses above waterworks at Chain of Rocks. Top of pipe is about 6 inches above
surface of ground; 105 feet west of willow, tree 6 inches in diameter blazed with tri-
angle. Station is in line with this tree and one and one-half story white frame house
opposite the station.

57

Mississippi River Commission, 1889; redetermined by United States engineer office,
St. Louis Mo 1901.. (Chart No. 1.)

Latitude 38' 46 10",.51; meters + 324, -1,526.
Longitude 900 10' 55".71; meters +1,345, -104.
Elevation: Stone1 435.89; pipe, 440.98.ToEI657/2, azimuth 278° 47', distance 1,948 meters.
Flat stone and iron pipe on east side of Columbia Bottom road; 7 meters from

center of road; one-half mile above Chain of Rocks, Mo., on land of Ed Dowling; and
94 meters north of southwest corner of his laud; 600 meters below bridge, over Wat-
kins Creek, on Columbia Bottom road. There is a vineyard on east side of hill,
back of pipe.

57

Missisippi River Commission, 1889; redetermined by United States engineer
office, St. Louis, MO,, 1901. (Chart No. 1.)

Latitude 380 46' 00".86; meters +27, -1,823.
Longitude 900 09' 36".26; meters ±870, -573.
Elevation: Stone 49 p0e, 424.59.
To[07/1, azimuth 278° 47 , distance 843 meter.
To607/3, azimuth 98° 47', distance 1,948 meters.
Flat stone and iron pipe, on Chouteau Island, Illinois; opposite a point one-half

mile above Chain of Rocksi on land of F. Kahle; on back side of levee; in cultivated
field; 140 meters back of river bank; 160 meters south of a grove between bank and
levee; a little below a one-story house that stands 300 meters back of levee; and 910
meters below where north and south leved ends at the river.

57

Misuiyippi River Cominision, 1889. Chart-No. 1.)
Latitude 38° 45' 56".43;; meters +1,740,-110.
Longitude 90° 09 018".41; meters +34, -1,415.
Elevation: Stone, 417.14; pipe, 422.23.
To[B57/2, azimuth 980 47', distance 843 meters.
Flat stone and iron pipe, on Chouteau Island, Illinois; near the middle of the

island; on east side of north and south township road; -in cultivated field of J. W.
Biegers; and about 325 meters south of schoolhouse.

A CHAIN OF ROCKS.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station Dot
plotted.)
Latitude 380 45 34".94; meters +1,077, -773.
Longitude 900 11' 04".22; meters +102,-1,37.
Center of the large brick chimney of the St. Louis waterworks at Chain of Rocks, Mo.
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A CITY LIMITS No. 161.

City of St. Louis; redetermined by United States engineer office, St. Louis, Mo.,
1903. (Chart No. 1,)
Latitude 380 45' 31".71; meters +978, -872.
Longitude 90° 11' 19".04; meters +460, -989.
Elevation: 680.98.
To®Robinson, azimuth 3230 26', distance 35 meters.
Top of stone, marked "161," with hole in top; stone is between 8 and 12 inches

square is in the northern boundary line of the city of St. Louis and is 175 meters
west oi Columbia Bottom road; on Iand of Mr. Robinson.

* ROBINSON.

Mississippi River Commission, 1880-81. (Chart No. 1.)
Latitude 38 456' 30".68; meters +946, -904.
Longitude 90 11' 18".10; meters +437, -1,012.
Elvtin 84.37.

To@Soechtic, azimuth 3210 49' 01".23, distance 5,768.84 meters.
To®Standpipe, azimuth 100 17' 13".69, distance 9,937.31 meters.
ToACabaret, azimuth 342° 47' 58" distance 2,413,6 meters.
ToAChain, azimuth 3190 28' 33", instance 630.3 meters,
ToAGranite City, azimuth 3380 39' 22"-, distance 7,198.1 meters.
ToAChain of Rocks, azimuth- 2480 38' 07", distance 359.9 meters.
Center of hole in stone post 6 inches square, set on top of bluff at Chain of Rocks,

Mo about 627 feet downstream from northwest corner of north settling basin, meas-
ured in the direction of Columbia Bottom road; and 470 feet west of center of road.
Station is 25 feet west of crest of bluff; 220 feet northeast of nail driven 3 feet above
ground into southwest side of 15-inch white-oak tree, 12 feet west of fence; and 14
feet from nail in 15-inch elm tree 13 feet east of fence.

A INTAKE TOWER.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)
Latitude 380 45/ 30".52; meters +941, -909.
Longitude 900 10' 37".69; meters +908, -541.
The finial of the intake tower of the St. Louis Waterworks at Chain of Rocks, Mo.

A CHAIN.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 45' 15".15; meters +467, -1,383.
Longitude 900 11' 01".14; meters +28, -1,421.
To@ Robinson, azimuth 1390 28' 44", distance 630.3 meters
Iron pipe painted red, set flush with surface of ground on ton of hiih bank and 2

meters west of edge of concrete revetment at Chain of Rocks, Mo. small pile of
crushed stone and gravel covers and marks the station, which is in front of the third
gatehouse from the north and about 5 meters north of drainpipe from same house.
Three railroad spikes are driven in the revetment and about 3 feet from its western
edge; they are 15.3 feet northeast of station, 8.8 feet east or in front of station, and
14.5 feet southeast of station, respectively.

A CABARET.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 44' 15".91; meters +491, -1,359.
Longitude 900 10 48".55; meters -1,173, -276.
To®Standpipe, azimuth 180 25' 27",, distance 7,876.4 meters.
To®Robinson, azimuth 1620 48'17/', distance 2,413.6 meters.
To& Merchants Bridge, azimuth 00 05' 49"', distance 6,833.4 meters.-
ToA Portland Cement, azimuth 840 05' 32", distance 3,168.9 meters.
Iron pipe, set flush with surface of ground in northeast corner of embankment of

settling basins at Madison and Granite City Waterworks near head of Cabaret Island.
Station is 26.1 feet from southwest corner of brick pump house and 52.4 feet from
an elm tree standing about 12 feet west of the concrete edge of the basin.

H. Doe. 60, 61-1-25 *
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A PORTLAND CEMENT.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitulde 380 44' 05"/.31; meters +164, -1,686.
Longitude 900 12' 59".05; meters + 1,426, - 23.
Center of large brick chimney of the St. Louis Portland Cement Company, near

St. Cyr avenue in north St. Louis.

4

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 44' 03".57; meters +110, -1,740.
-Longitude 900 12' 52".87;; meters +1,277, - 172.
Elevation: Stone, 451.31Jpipe, 456.40.
Tot3j56f3, azimuth 29800, distance 89 meters.
Flat stone and iron pipe, on south side of St. Cyr avenue, in north St. Louis; 89

meters west of north corner of Columbia Bottom road and St. Cyr avenue.

Mississippi River Commismion, 1889. (Chart No. 1.)
Latitude 380 44' 02".24; meters +69, -1,781.
Longitude 900 12' 49".60; meters +1,198, -251.
Elevation: 436.50.
To056/2, azimuth 2980 20'.
ToE156/4, azimuth 1180 00', distance 89 meters.
Corner stone, at northwest corner of intersection of St. Cyr avenue and Columbia

Bottom road in north St. Louis.

52

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 43' 14".01; meters +432, -1,418.
Longitude 900 10' 6".,55; meters +1,342, -108.
Elevation: Stone, 421.16; pipe, 426.25.
To056G/1, azimuth 2980 15', distance 1,314 meters.
Flat stone and iron pipe, on Cabaret Island; due South of Madison and Granite City

waterworks. It is 1* miles below head of island and 690 meters back from the river
bank; 150 meters upstream from a two-story yellow house; on east side of field road;
on edge of prominent ridge; and 412 meters downstream from an old unoccupied
house.

A SAWYER.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 43' 06".63; meters +204 -1,646. -

Longitude 900 13' 0OY.49; meters +12, -1,438.
ToA&erchants Bridge, azimuth 3250 64' 67", distance 5,670.3 meters.
Tos Bend, azimuth 000 28' 53" distance 891.3 meters.
ToAzBaden, azimuth 620 58' 28"', distance 1,215.9 meters.
Iron pipe set flush with surface of high bank in Sawyer Bend, Mo., and covered

with mound of earth and broken stone. It is 670 feet downstream from original head
of revetment; 12 feet from its western edge' 68 feet from a 600-foot stake; 35 feet
from 700-foot stake on edge of revetment; and 32 feet from the 700-foot stake on high
bank.

* SOECHTIG.

Mississippi River Commimion, 1880-81. (Chart No. 1.)
Latitude 380 43/ 03".85; meters +119, -1,731.
Longitude 900 08' 50O".74; meters +1,226, -224.
Elevation: 427.29.
ToeStandpipe, azimuth 460 28' 43".07, distance 7,485.29 meters.
To( Robinson, azimuth 1410 50' 34".46, distance 5,768.84 meters.
To9D56/1, azimuth 800 25', distance 1 877 meters.
Stone post, in Illinois; about 1 mile back of Cabaret Island and 430 meters north-

west from the track of the Chicago and Alton Railroad; at a point opposite two houses;
at south end of a clump of timber; and on north bank of a large gully.
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1

Mi~si~sippi River CommIssion, 1889. (Chart No. 1.)
Latitude 380 42' 53".58;, meters +1,662, -198.
Longitude 900 10' 07"1.33; meters +177, -1,273.
Elevation: Stone 423.09; pipe, 428.18,
To" 56/2, azimuthi 118P156, stance 1,314 meters,
Flat stone and iron pipe, on top of levee in Illinois and back of middle of Cabaret

Island; 65 meters east of left bank of slough; 175 meters north of northwest corner of
orchard at levee. There are houses in the near vicinity on both sides of levee. A
road runs along edge of bank of slough and turns east with the levee, 150 meters north
from the station.

A BADEN.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 38° 42' 48".70; meters +1,502, -348.
Longitude 900 13' 45".32; meters +1,095, -355.
Center of large brick chimney of St. Louis waterworks at Baden, north St. Louis,

0) P. B. M. 13.

Mississippi River Commission, 1880. (Chart No. 1.)
Latitude 38° 42' 41".19; meters +1,270, -580.
Longitude 900 13' 48".75; meters ±1,178, -272.
Elevation: 438.46. f
Top of copper bolt in top of stone, in ground in small grove on east side of street-

car tracks in north St. Louis and 6.4 miles upstream from Eads Bridge. It is 110
meters south and 37 meters east of the north terminus of street-car line. it is oppo-
site a point in Broadway 50 meters below the Seven Mile or "Wedge " house in angle
of Broadway and Halls Ferry road. It is 8 meters north, on north line of Baden
avenue, and 30 meters east of northeast corner of Broadway (Bellefontaine road)
and Baden avenue.

A BEND.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 42' 37".72; meters +1,163, -687.
Longitude 900 13' 00"Y.80; meters +19, -1,431.
ToQ®Standpipe, azimuth 3500 56' 54", distance 4,500.3 meters.
ToASawyer, azimuth 1800 28' 52", distance 891.3 meters.
To, Merchants Bridge, azimuth 3200 04' 00", distance 4,962.2 meters.
To, Baden, azimuth 1070 28' 59", distance 1,127.7 meters.
Iron pipe, set flush with surface of ground in Sawyer Bend, Mo.; at top of high

bank; 9.3 feet from western edge of revetment and covered with mound of broken
stone. Station is d.6 feet south of a point, on river bank, which is 200 feet from east
rail of east railroad track and in line with telegraph pole and a large cottonwood
tree west of railroad. Station is 9.5 feet from edge of revetment on line with same
cottonwood. The following references are to stakes used in construction of revet-
ment: 29.9 feet to No. 36 in edge of revetment; 72.2 feet to No. 37 in edge of
revetment; 28.8 feet to No. 36 on high bank; and 72.5 feet to No. 37 on high bank.

@ SUGAR LOAF.

United States-Coast and Geodetic Survey, 1872; redetermined, Mississippi River
Commission, 1880-81. (Chart No. 1, station not plotted.)
Latitude 380 42' 05".33; meters +164,. -1,686.
Longitude 900 00 28".91; meters ±699, -751.
To @ Clarks Mound, azimuth 21° 63' 63".89, distance 14,606.56 meters.
To @ Robinson, azimuth 1120 02' 44".30, distance 16,911.19 meters.
To ® Standpipe, azimuth 780 54' 07".49, distance 17,801.48 meters.
United States Coast and Geodetic Survey station, on and a little north of the center

of a prominent mound about 50 feet high situated on bluffs on Mr. Moore's farm, about
2 miles northwest of Collinsville, Ill. 1The geodetic point was marked by the United
States Coast and Geodetic Survey and is point of earthenware pyramid buried about
3j feet. Surface mark is a marble post 6 inches square, about 10 inches above ground,
marked U. S. C. & G. S.
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A ORANITE CITY.
United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not

plotted,)
Latitude 380 41' 53".25; meters +1,642, -208.
Longitude 900 09' 29".69; meters +718 -733.
Center of symmetrical roof and fini al o shot tower, in Granite City, Ill, From A

Merchants Bridge the words "shot tower" were distinguishable.
ID

Mimismippi TAiver: Commission, 1889. - (Chart No. 1.)
Latitude 380 41' 34",05; meters +1,050, -800.
Longitude 900 10' 36".09; meters +848, -602.
Elevation: Stone 417.19; pipe, 422927.
To&60/2, azimuti 630 20', distaiice 570 meters4
Flat stone and Iron pipe, on eastern bank of Kerr Island; In edge of field about one-

half mile above West Madison, Ill.; 1,400 meters above east-and-west road crossing
island and slough. Sycamore tree 2 feet in diameter stands 5 meters south.

2

Missimippi River Commision, 1889. (Chart No. 1.)
Latitude 380 41' 25".62; meters +700, -1,0060.
Longitude 900 10' W66.27; meters +1,360, -90.
Elevation:. Stone, 420,84; pipe, 425.93.
TooStAndpilpe, azimuth 400.
ToWS/1, azimuth 2430 20', distance 670 meters.
TooSb/3, azimuth 650 10', distance 1,6ti2 meters
Flat stone and iron pipie, on Kerr Island, Illinots; 1 mile above the Merchants

Bridge; 450 meters back from old main bank of river- 720 meters from river at foot. of
Cabaret Island; 1;3 meters from west edge of field; In cultivated field west edge of
which terminates at top of sharp slope; about 180 meters above "turning row" shown
a road on map, and in view of a house that stands about same distance below this
"road."

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 38° 41' 03".15; meters +97, -1,753.
Longitude 900 11' 68".34; meters +1,410, -40.
Elevation: 421.79
To[D55/4, azimuth 570 05', distance 699 meters.
Toab5/2, %zimuth 2450 10', distance 1,652 meters.
Corner stone, at southwest corner of Withers avenue and Powder street north St.

Louis; at northeast corner of powder magazine; 155 meters from river bani and one-
half mile above East Grand avenue.

Mississippi River Commission, 1889. (Chart No.. 1.)
Latitude 380 40' bl"'.00,; meters +1,673, -277.
Longitude 900 12' 22"'.48; meters +543, -907.
Elevation: 431.97.
To9 55/3, azimuth 2370 05', distance 699 meters.
Cross cut on top of catch-basin, at northwest corner of Withers avenue and Wabah

Railroad; 850 meter from river bank and one-half mile above East Grand avenue at
the St. Louis waterworks.

A MERCHANTS BRIDaE.
United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not plotted.)
Latitude 380 40' 34".30; meters +1,058, -792.
Longitude 90° 10' 49'.03; meters +1,185, -26.!
To@otandpipe, azimuth 750 33' 05", distance 2,558.4 meters.
To@ Robinson, azimuth 1750 38' 28", distance 9,166.0 meters.
To& Bend, azimuth 140° 05' 22", distance 4,962.2 metecf.
ToSawyer, azimuth 145°56' 19", distance 5,670.3 meters.
To,&Bissell, azimuth 84° 12' 68", distance 926.1 meters.
To& Farmers elevator, azimuth 70 40' 28" distance 2 990,6 meters.
ToAGrallite City, azimuth 218° 13 26", Ltance 3,8.8 meters.
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Cross on top of half-inch s Idare copper holt, leaded into the concrete abutment and
surrotiudee(lby 3-inch triangle, at the extreme east end of the Mercharit Bridge, in
Illinois, Staition is 3.76 feet north of *Anter of north rail; 1.26 feet east of west face of
concrete, 0.57 feet west of east face; 2.44 feet from northwest corner and 1.20 feet fromnortheast corner of concrete. A tangent t from standpipe to the curve (east of bridge)
in north rail of south track, intersects the station.

A BISBELL NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 38° 40' 33".43; meters +,031,-819
Longftude 9 '11' 28"I 68' meters +691,-759,
ToA,i&ell,azimftth f3i3 3.Y 24", distance 75.3 meters.
ToA Dock No. 2, azimuth 3480 46' 50", distance 1,908.5 meters.
Iron pipe,:set a little below the surface of the ground, at Bissell Point, north St.

Louis; 39.35 feet from the northeast corner and 74.96 feet from the northwest corner
cf thee north main building of the Bissell Point waterworks. The pipe was set to mark
approximately the Intersection of the old west wharf line and the old (186) northern
boundary line of the city and is 0.06 foot east from the former, and 4.25 feet south
from the latter line as determined by the survey of 1901.

A -BISSELL.

Unitd States engineer office, St. Louis, Mo., 1901. (Chart No. 1, nation not
plotted.)

Latitude 38R 40' 38I.28; meters +964, -886.
Longitude 900 II/ 27".1`0; meters +6M -796.
TowStandpipe, azimuth 700 41' 58" distance 1,649.8 meters.
To,&Merchants Bridge azimuth 264 12' 34", distance 925.1 meters.
Iron pipe, 79.13 feet from southeast corner of south building and 77.10 feet from

southwest corner of east building of waterworks at Biseell Point, north St. ,otuis; 4.9
feet to southeast corner of cast-iron bae of fire-plug cover; 4.86 feet to northeast corner
of same; and 6.5 feet from bolt in anchor post on river side of station.

0 P. B. M. 1i

Miissppi River Commission, 1880. (Chart No. 1.)
Latitude 380 40' 30".55; meters +942, -908.
Longitude 90° I1' W6`.26; meters +1,360, -91.
Elevation: 433.46.
Small hole in center of copper bolt, leaded horizontally in third course of stones on.

north side of western engine room of St. Louis waterworks, Bissell Point, and 1.47
meters west ofwetcoping to main entrance to building. The letters "U. S. P. B. M."
are cut near the bolt.
t'TANDPIPR.

Miasissippi River Commission, 1880-1881. (Chart No. 1.)
Latitude 380 40W 13".59; meters +419, -1,431.
Longitude 90 12' 31".51; meters +762, -689.
To@Sugar Loaf, azimuth 2580 46' 35".83, distance 17,801.48 meter.
To* Robinson, azimuth 1900 16' 27".68, distance 9i937.31 meters.
To@Insane Asylum, azimuth 390 4W 01".92, distance 9,606.16 meters
ToA Bend, azimuth 1700 57' 12", distance 4,500.3 meters.
ToA Merchants Bridge, azimuth 2550 32' 01", distance 2,558.4 meters.
To&Bissell, azimuth 2501 41' 16", distance 1,649.8 meters.
To&Mullanphy Bank, azimuth 330° 32' 48", distance 3,968.9 meters.
To& Portland Cement, azimuth 1740 40' 50", distance 7,176.3 meters.
ToAGrnite City, azimuth 235° 01' 17"` distance 6,362.4 meters.
A dot in small triangle. (three-quarters inch) cut in iron floor inside iron railing on

top of old standpipe at intersection of Grand avenue and Twentieth street, St. Louis;
2.41 feet northwest of northwest side of the iron poet directly southwest of extreme
east p of the railin- 2.47 feet southwesi-of the southwest side of iron post directly
northwest of extreme. tb part of railing; and 2.57 feet east of east corner of iron bolt at
circular edge of iron a". (Colby's deCrwiption, survey of city of St. Louis.)
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E] Y5(Rittbr).
Mississippi River Commission, 1889. (Chart'No. 1.)
Latitude 388 39' 51".60; meters +1,588, -262.
Longitude 900 10' 39",41; meters +953, -498.
Elevation: 407.31.
TocgNo. 7 (Field), azimuth 440 15', distance 1 005 meters.
Top of nut, on bolt through plank bolted to pile at southwest corner of the Venice,

Ill., elevator; 5 nails are driven above the nut.

A VENICE.

United States engineer office, St. Louis, Mo.,. 1901. (Chart No. 1, station not
plotted.)

Latitude 380 39' 46".82; meters +1,444, -406.
Longitude 900 10' 44".09; meters +1,066, -385.
Elevation: 419.71.
Iron pipe, set thush with surface of paved levee at Ferry Landing Venice, Ill.; 16

feast west of porch of frame building (saloon in 1901); 7.5 feet north of south line of the
same building; and about 11 feet north of south edge of paving.

A DOCK NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 39' 32".72; meters +1,009, -841.
Longitude 900 11' 13".22; meters +320, -1,131.
ToABissell No. 2, azimuth 1680 46' 59", distance 1 908.5 meters.
The intersection of the north line of Dock street and the northern portion of the old

west wharf line; 14 feet east from southeast corner of brick building occupied in 1901
by the Federal Chemical Company of the United States.

El No. 7 (Field).

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 39' 28".15: meters +868, -982,
Longitude 900 11' 08".48; meters +205, -1,246.
Elevation: 407.35.
Tor354/5 (Ritter), azimuth 2240 15', distance 1,005 meters.
A raised knob, cut on the northwest corner of sewer cap at foot of Branch street, St.

Louis.
A FARMERS ELEVATOR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)
Latitude 380 38' 58".19; meters +1,794, -56.
Longitude 90° 11' 05".54; meters +134, --1,317.
The finial of the dome or clock tower of the elevator near the foot of Clinton street,

St. Louis.
54E l

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 38' 47".32; meters +1,459, --391.
Longitude 900 10' 00".16; meters +4, -1,447.
Elevation: Stone, 421.85; pipe, 426.94.
Flat stone and iron ipe, in Illinois; just west of the Chicago and Alton Railroad;

and 320 meters north of the northeast corner of settling basins of East St. Louis water-
works.

A HURDLE 11, No. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station 'not
plotted.)

Latitude 380 38' 4i".84; meters +1,290, -560.
Longitude 900 10' 25".38; meters +614, -837.
To, Mound, azimuth 740 49' 41", distance 736.5 meters.
To, East Eads, azimuth 70 24' 00", distance 1,820.6 meters.
Iron pipe, set near edge of high left bank; 50 feet belowA Hurdle 11; 1 200 feet below

Hurdle No. 11; and 2,200 feet above old United States engineer, NortK Base in East
St. Louis. A. mound of stone and brickbats cover the pipe.
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A VICTORIA ELEVATOR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)
Latitude 380 38' 363".26; meters +1,118, -732.
Longitude 90° 1l l, 00".114; meters +3, -1,448.
The center of the lower part of the flagstaff on top of elevator near foot of Mound

street, St. Louis.
A MOUND.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 38' 35".61; meters +1,098, -752.
Longitude 900 10' 64".73; meters +1,324, -127.
ToQEIrdle I1 No. 2, azimuth 2.40 49' 23", distance 735.5 meters.
ToA Union Elevator, azimuth 3170 25' 17"-, distance 971.6 meters.
ToA East Eads, azimuth 3430 34' 24", distance 1,681.6 meters.
ToA West Eads, azimuth 00° 36' 05", distance 1,5)46.7 meters.
Iron pipe, set flush with surface and covered with nmolund of stone and earth, at

foot of Mlouind street, St. Louis- 16 7 feet east of east rail of railroad siding nearest
river; 14.8 feet, measured parallel to track, north from 8-inch iron drain pipe about
7 feet lower than station; 61.9 feet (right angle distance) south from a point in the
north line of Mlound street prolonged, which point is 197.45 feet east from the north-
west corner of Mound street and wharf.

3

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 38' 35".67; meters +1,100, -750.
Longituide 900 10' 57'.13; meters +1,382, -69.
Elevation: 427.60.
Cross with letters "U. S." cut on the corner of stone foundation of a brick build-

ing at the southeast corner of Mound street and wharf, St. Louis.

E4

Mississippi River Commission, 1889. (Chart No. 1.)
Latitude 380 38' 35".35; meters +1,090, -760.
Longitude 900 11' 00".29; meters +7, -1,444.
Elevation: 442.19.
Cross, with figures and letters "54/4 U. S." cut-on stone wall which surrounds the

northern gasometer of the Laclede Gas Works, southeast corner of Mound and Main
streets, St. Louis. --

A MULLANPHY BANK.

City of St. Louis; redetermined, United States engineer office, St. Louis, Mo.,
1901. (Chart No. 1, station not plotted.)

Latitude 380 38' 21".50; meters --66'3,-1,187.Longitude 90° 11' 10".82; meters +262, -1,189.
To®Standpipe, azimuth 1600 33' 38", distance 3,968.9 meters.
ToA Union Elevator, azimuth 2850 00' 22", distance 1,083.5 meters,
Copper rivet, in highest art of ravel roof surrounded by an iron railing at north-

east corner of the old Mullanphy Bank, a three-story mansard roof brick building,
at southwest corner of Cass avenue and Broadway, St. Louis; about 7 feet south of
Cass avenue and 10 feet west of Broadway; 5.34 feet from north post of iron railing;
4.68 feet from east post; 4.66 feet from south post; and 5.22 feet from west post.
(Colby's description, Survey of City of St. Louis.) In 1901 a flagpole stood about
1 foot north of the station.

A NORTH BASE.

United States engineer office, St. Louis, Mo., 1889; redetermined, 1901. (Chart
No. 1, station not plotted.)

Latitude 380 38' 2WY'.97; meters +646, -1,204.
Longitude 90° 10' 23".54; meters +669, -882.
ToASouth Base, azimuth 90 03' 22", distance 1,182.1 meters. (Calculated by the

inverse solution from the coordinates.)

391
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The northeast corner of the end of the west curb line of Front street, East St. Louis
Ill.; diagonally across the street and southwest from the Toledo St. L1Iouls-and
Western Railroad freight depot; anl(l just Sooth of a switch track to the freight ards.
It is probable that the curb line has been extended since 1889; the inverse soliltion
shows the length of the line north base-south base to be 3,878.2 feet instea(l of 3,800.84
feet, as given in the original survey of 1889.

A SMI'rl,

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted,)

Latitude 380 38' 20".86; meters +643, -1,207.
Longitude 900 10' 53".76; meters +1,300, -151.
Toe Union Elev'ator, aziniuth 2920 '21. 28", distance 685.5 meters.
ToA Smith, No. 2, azimuth 450 56' 60", (listanlce 22.7 meters.
The southeast corner of the brick building at the northwest corner of Smith street

and wharf, St. Louis; 5.75 feet South from the north line of Smith street and 58.5
feet east from a mark, correct for old west wharf line, on south face of same building.

A SMITH No. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)
Latitude 380 38' 20".35; meters +627, -1,223.
Longitude 900 10' 54".44; meters +1,317, -134.

- ToASSmith, azimuth 2250 56' 60", distance 22.7 meters.
ToAAshley, azimuth 3560 07' 68", distance 227.0 meters.
ToeABiddle, azimuth 356° 02' 27", distance 422.8 meters.
City stone, marking the southwest corner of Smith street and wharf, St. Louis.

A LACLEDE POWER COMPANY.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 38' 17".27; meters +532, -1,318.
Longitude 900 10' 54".83; meters +1,326, -125.
The lightning rod, on south side of the large brick chimney of the Laclede Power

Company near the foot of Dickson street, St. Louis.
A ASHLEY. -

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 38' 13".01; meters +401, -1,449.
Longitude 900 10' 63".80; meters +1,30] -- 15.
ToeAUnion Elevator, azimuth 2710 40' 15", distance 635.3 meters.
The southeast corner of the Laclede Power Company's brick building, near the

foot of Ashley street, St. Louis; 59.1 feet (right angle distance) north from a point in
the north line of Ashley street prolonged, which point is 138.9 feet east from the
northwest corner of Ashley and Lewis streets.

A UNION ELEVATOR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 38' 12".40; meters +382, -1,468.
Longitude 90' 10' 27".55; meters +666, -785.
Elevation: 411.10.
ToAMullanphy Bank, azimuth 1050 00' 49", distance 1,083.5 meters,
ToABiddle, azimuth 740 07' 01", distance 645.8 meters.
ToeAEast Eads, azimuth l1l 27' 39", distance 915.7 meters.
Center of ]* inch square head iron bolt, driven in the paved levee south of the

Union Elevator in East St. Louis, Ill.; in line with Mdullanphy Bank flagstaff and
north edge of large brick chimney north of Laclede Power House; at southeast corner
of flat stone 2 feet 6 inches long (north to south) and 11 inches wide; 71 feet from
southeast corner of river house, il line with and 311 feet from a ring-bolt 39i feet
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from the river house; 6 feet east of prolongation--of line through east face of sill of
first carrier bent from river house and 90 feet from three nails driven in east face of
same gill; 58 feet from west rail of railroad siding nearest river; and 178.5 feet from
west curb of Front street.

A BIDDLE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plottedl)
Latitude 38° 38' 06".67; meters +206, -1,644.
Longitude 900 10 53".23; meters +1,288, -163.
ToAEaEt Eads, azimuth 3280 38' 18' distance 844.0 meters.
ToA West Eads, azimuth 40 35' 19", distance 656.4 meters.
ToAUnion Elevator, azimuth 2540 06' 45", distance 646.8 meters.
Iron pipe, set below granite paving which was replaced anid a cross cut in the pav-

ing block over the pipe; 91.41 feet east from corner and on line with north side of
brick building at southwest corner of Biddle street and wharf, St. Louis; 0.04 foot
south of south line of Biddle street and 91 feet east from southwest corner of Biddle
street and wharf.

Q MORGAN.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 37' 650.10; meters +1,545, -305.
Longitude 900 10' 655.75; meters + 1,348, -103.
To,&Biddle, azimuth 1860 48' 27", distance 514.7 meters.
ToAEast Eads, azimuth 2920 43' 54", distance 542.4 meters.
Center of one-half inch hole and cross cut in the anchor stone for ring bolt, outside

the railroad track at the foot of Morgan street, St. Louis; 10.6 feet (right angle dis-
tance) north from a point in the north line of Morgan street prolonged, which point
is 78.3 feet east from the northwest corner of Morgan street and wharf; 49.69 feet
from center one of three notches f inches above iron base on inner (southeast) edge
of northeast angle tron in northeast pillar of viaduct at foot of Morgan street; and
67.68 feet from center one of three notches 1 inch above iron base on northeast corner
of the southeast angle iron in the southeast pillar of viaduct.

) P. B. M. 1.

Misissippi River Commission, 1880. (Chart No. 1.)
Latitude 380 37' 45".53; meters +1,404, -446.
Longitude 900 10' 57".74; meters +1,396, -55.
Elevation: 423.53.
Small hole in copper bolt, leaded horizontally in the west Pier of arch No. 4, on

east side of pier of Eads Bridge at St. Louis; 6.14 meters south of north end of pier
and 0.14 meters above top coume of granite. The letters "U. S." are cut in the
granite below the benchmark.

A WEST BADS.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 37' 45".45; meters +1,401, -449.
Longitude 900 10' 55".40; meters +1,340, -111.
ToAMarket, azimuth 180 23' 00", distance 627.2 meters.
ToAEst Eads, azimuth 277° 41' 12" distance 496.2 meters.
ToAPittsburg, azimuth 0 7' 21", distance 1,777.3 meters.
To, Biddle, azimuth 184° 35'18", distance 656.4 meters.
To,&Laclede Power Company, azimuth 180° 48' 42", distance 981.3 meters.
Crowe on top of one-half inch square copper bolt, leaded into the masonry on top of

the north end of west shore pier of the Eads Bridge at St. Louis, Mo.. 3.14 feet south
of base or collar around north or center post (4j inches in diameter) of iron railing and
0.43 foot west of center line of pier or seam in masonry. Two 1-inch iron posts in
the railing are: West 4.22 feet; east 4.86 feet. Station is 496.21 meters frcmEast
Eads (base line measurement).
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A EAST EADS.

United States engineer office, St. Louis, Mo., 1901;- (Chart No. 1, station not
plotted.)

Latitude 38° 37' 43".30; meters +1,335, -515.
Longitulde 90 10'Y35".07; meters +848, -603.
ToA West Eads, azimuth 970 41' 25", distance 496.2 meters.
ToA middle, azimuth 148° 38' 29", distance 844 mileters.
ToAUiiion Elevator, azimutlth 191° 27' 34", distance 915.7 meters.
ToAlPittsburg, azimuth. !60 09' 24"r distance 1,781.2 meters.
ToALaclede Power Conmpanyv azimuth 1650 29', (ditlce 1,1151.4 meters.
ToACourt-house, azimuth 730 42' 17", distance 1,193.2 met ers.
Cross on top of one-half inch sqnate copper bolt la0lded into the masonry on the

north end of east shore pier of the Eads 13ri(Ige, at East St. Louis,I1l1.; 3.04 f(et southl
of lbase or collar around north or center post (4k, inches in dianieter) of iron railing
and 0.16 foot east of center line of pier or seam in masonry. Two 1-itnch iron posts
in the railing are: East 4.40 feet; west 4.68 feet.

A SOMT1 BASE.

United States engineer office, St. Louis, Mo., 1889; redetermined, 1901. (Chart
No. 1, station not plotted.)
Latitude 380 37' 43".11; meters +1,329, -521.
Longitude 900 10' 31".23; meters +765 -696.
ToANorth Base, azimuth- 1890 03' 18'., distance X,182.1 meters. (Calculated by

inverse solution from the coordinates.)
A nail in joint between curbstones in west curb of Front street, East St. Louis, Ill.;

north and 25 feet from iron viaduct pier or column of Eads Bridge and according to
survey of 1889, 3,800.84 feet fromA North Base.

0 K 3. (City Dretrix.)
United States Coast and Geodetic Survey, 1882, and Mississippi River Commission,

1880 and 1889. (Chart No. 1, station not plotted,)
Latitude 380,37/ 25".62; meters +790, -1,060.
Longitude 90° 11' 05".13; meters 4-124, -1,228.
Elevation: 420.84.
Known at St. Louis as the "City Directrix." It has been in use for many years,

and was originally the top surface of the pedestal of a monument which stood on Front
street (now wharf) near Market street. The monument Shaft was destroyed at the
time of the great fire in that locality, but the pedestal remained. It is now level with
the curbstone, and forms a part thereof. . A "T" mark has since been cut to indicate
the point used for a bench mark.
NOTrE.-Elevation above mean sea or gulf level, 126.1776 meters, (probable error

±32 millimeters) or 413.97 feet (United States Coast and Geodetic Survey, Report
1903). Elevation above Cairo datum plane, 132.2742 meters equals 433.97 feet (Mis-
sissippi River Commission precise levels, 1880), or 420.84 feet Memphis datum plane.
Correction to reduce United States Coast and Geodetic Survey mean sea level values,
vicinity of St. Louis, to Memphis datum plane is therefore +6.87 feet.

This station was destroyed in 1890, but owing to its historic value the former descrip-
tion and the elevations are given.

0 is

United States Coast and Geodetic Survey, 1882, and Mississippi River Commission,
1889. (Chart No. 1, station not plotted.)
Latitude 380 37'-43".13; meters +1,330, -520.
-Longitude 900 10' 31".13; meters +753, -698.
Elevation: 420.84.
A mark on a large bronze plate inserted in the south face of the eastern land pier of

the Eads Bridge at East St. Louis, Ill.
The plate bears the inscription:

U. S. Coast and Geodetic
Survey Bench Mark, 1882.

Elevation derived by adding 6.87 feet to the United States Coast and Geodetic Sur-
vey mean sea level value of 1903. (See note under "IK3," St. Louis City Directrix.)
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0.,

United States Coast and Geodetic Survey, 1882, and Mississippi River Commision,
1889. (Chart No. 1, station not plotted.)

Latitude 880 37V44".98; meters +1,387, -463.
Longittde 900 10' 5".86; meters +1,361, --100.
Elevation: 420.86.
A large brolnze plate (similar to that described under "I1") inserted in the western

land pier of the Ead3Bridge at St. Louis, Mo. Bench marks 13 an(l 'J3" were
placed asnearly as possible on the same level as the St. Louis City Directrix described
un(lor "K3."

Elevation derived by adding 6.87 feet to the United States Coast and Geodetic Sur-
vey mean sea level vlue of 1903. (See note under "Ks," St. Louis City Directrix.)

A LOCUST.

United Statesengineer office, St. Louis, Mo., 1901. (Chart No.1, station not plotted.)
Latitude 380 37' 37".l5; meters +1, 146, -704.
Longitude 900 10 69".17; meters +1 431, -20.
ToAMlorgan, azimulth 1910 42' 04", distance 407.6 meters.
'IoA East Eads azimuth 25l1 59' 10", distance 613 meters.
Center of one-half inch hole drilled in anchor stone for ring bolt, at the foot of

Locust street, St. Louit- Mo.; 1.12 feet south from cross cut on top of eyebolt leaded
in same stone; 83.34 feet from brick corner at northwest corner of Locust street and
wharf; 57.06 feet to middle one of three notches cut in southeast corner upright angle
iron at northeast corner pillar to elevated railroad; 60.66 feet to middle ote of three
notches cut in northeast corner upright angle iron at southwest corner pillar to ele-
v dte(1 railroad; 80.35 feet from a mark in top edge of base stone and 1.52 feet south
from northeast corner of building at the south west corner of locust street and wharf;
(;.8 feet (right-angle distance) south from a point in the center line of Locuist street,
which point is 78.4 feet east from the intersection of said center line and the south
prolongation of the east line of city block No. 12.

A COURT-HOUSE.

United States Coast and Geodetic Survey, 1871; redetermined by United Statea
engineer office, St. Louis, Mo., 1901. (Chart No. 1.)

Latitude 380 37' 32".44; meters +1,000, -860.
Longitude 900 11' 22".42; meters +542, -910.
Finittl of dome or center of flagstaff of court-house, in block bounded by Broadway,

Fourth, Market, and Chestnut streets, St. Louis, Mo.

A MARKET.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 371"26".15; meters +806, -1,044.
Longitude 900 11' 03".688. meters +87, -1,366.
ToA East Eads, azimuth 2320 30 66i", distance 869 meters.
ToPittsburg, azimuth 3.500 40' 45", distance 1,197.'9 meters.
To,&West Eads, azimuth 1980 22' 65", distance 627.2 meters.
To&Spruce, a0zmuth 190 17' 49", distance 368.4 meters.
Center of one-half inch hole and cross cut in granite paving block, outside the

railroad tracks on St. Louis wharf at the foot of Market street; 55.33 feet south of the
southwest corner "corner stone" of the harbor office; 63.88 feet from the southeast
corner (as seen from station) of brickwork of same building;; angle from AXWest Eads
to this last corner 31° 38' 30"; 24.25 feet to cross on eyeboIt in anchor rock southeast
Mt angle of 169° 06' from "corner stone; " 13.0 feet (right-angle distance) north from a
point in the south line of Market street prolonged, which point is 86.2 feet east from
the southwest corner of Market street and the wharf.

A SPRUCE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotte(l.)

Latitude 38' 37' 14".87; meters +459, -.1,391.
Longitude 900 11' 08".61; meters +208, -1,243.



396 WATERWAY, ST. LOUTS TO THE GULP AND CHICAGO.

The center of the arc light suspended (1901) from the east side of the elevated rail-
road at the foot and near the center of Spruce street, St. Louis, Mo. It is 40.8 feet
from the brickwork at the northwest corner and 42.7 feet from the brickwork at the
southwest corner of Spruce street and wharf; also 17.67 feet from northeast corner
southeast angle iron, middle notch of three, 18 inches above base stone in southeast
pillar; and 19.04 feet from southeast corner, northeast angle iron; middle notch of
three, 20 inches above base stone in northeast pillar of the elevated railroad. It is
0.4 foot north from a point in the center line of Spruce street prolonged, which point
is 38.9 feet east from intersection of said center line and the west line of wharf.

- A CHOUTEAU.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 36' 65".86; meters +1,722, -128.
Longitude 900 11' 15".57; meters +377, -1,075.
To&Market, azimuth 197°0 15' 18", distance 978.2 meters,
ToAPittsburg azimuth 2970 06' 47", distance 644 meters.
Center of one-ialf inch hole in top of paving stone 3 32 feet east from east rail of

west railroad track on the St. Louis wharf near foot of dhouteau avenue; 66.55 feet, on
slope, northeast from northeast corner of top course of foundation masonry of Central
"dii elevator; 91.74 feet, on slope, southeast from northeast corner of brickwork (at
top of eighth course of brick) of north engine house of elevator' 83.45 feet north from a
notch cut in center of north edge of base plate of north iron pillar in west bent support-
ing the carier to elevator river house; and 41.43 feet east from crow cut in east face of
west curb of wharf 30 feet north from north end of elevator.

A CHOUTEAU NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 36' 52".73; meters +1,626, -224.
Longitude 900 11' 18".03; meters +436, -1,016.
Cross on curb, near southwest corner of Chouteau avenue and wharf, St. Louis, Mo.;

19.33 feet east from the west line of the wharf; 371.77 feet from AChouteau (calculated);
129.2 feet from southwest corner of brick engine house of elevator; 65.99 feet from
Moulton's mark for old west wharf line on foundation of elevator; 63.52 feet from
another mark, 6.1 feet east from Moulton a' and 72.43 feet from cross on curb at north-
east corner of Chouteau avenue and the wharf.

A PITTSBURG.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 1, station not
plotted.)

Latitude 380 36' 47".82; meters +1,474 -376.
Longitude 900 10' 65".56; meters +1,344, -108.
ToChouteau, azimuth 117° 07' 0", distance 644 meters.
ToA Market, azimuth 1700 40'50", distance 1,197.9 meters.
ToEast Eads, azimuth 1960 0 12" distance 1,781.2 meters.
ToA West Eads, azimuth 1800 07' 21', distance 1,777.3 meters.
To, Lesperance, azimuth 430 66' 49", distance 1,461.1 meters.
To, Spruce, azimuth 159' 16' 20", disace 892.2 meters.
ToSS. Peter and Paul, azimuth 700 18' 28", distance 2,000.9 meters.
To&Court House azimuth 154° 43' 23", distance 1 621.7 meters.
Center of one-half inch hole and cross cut in the highest part of the northwest corner

of masonry of Pittsburg dike in Illinois; 2* feet from the northwest corner and 1.25
feet east of west face of stone; 12.55 feet from old plane table station of 1899-hole in
boards surrounded by triangle of nails; station is in a stone about 4 feet long which lies
on top of three other stones in the masonry

A VALLEY ELEVATOR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station .not
plotted.)
Latitude 38° 36' 26".80; meters +826, -1,024.
Longitude 900 10' 56".12; meters +1,358 -94
Center of large brick chimney of the Mcihynolds "0 elevator, south of East St.

Louis &ad Pittsburg dike in Illinois.
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A SAINTS PETER AND PAUL

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 36' 25".94; meters +800, -1,050.
Longitude 900 12' 13".41; meters +325 -1 127.
The center of the one remaining spire of the 'church at the northeast corner of Allen

*venue and Eighth street, St. Louis, Mo.

A LESPERANCE No. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)
Latitude 388 38' 14".53; meters +448, -1,402.
Longitude 900 11' 38".72; meters +937, -615.
ToLesperance, azimuth 296° 12' 44", distance 41.8 meters.
Cross on city stone, marking the northwest corner of Lesperance street and wharf,

St. Louis, Mo.
n;] L3

Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 38 386' 14".01; meters +432, -1,418.
Longitude 900 11' 39".38; meters +953, -499.
Elevation: 424.23.
Cross cut in curbstone, south side of Lesperance street, St. Louis, Mo.; in railroad

yards near wharf. It is marked "53/3 U. S.," and is 95 meters from shore line at
foot of railroad incline.

A LESPERANCE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)
Latitude 380 36' 13".93; meters +430, -1,420
Longitude 90° 11' 37".18; meters +900,-52
ToAPittsburg, azimuth 2230 56' 23", distance 1,451.1 meters.
ToALesperance No. 2, azimuth 1160 12' 45", distance 41.8 meters.
ToAVa ley Elevator, azimuth 2480 13' 41", distance 1,069.7 meters.
Center of one-half inch round hole in anchor stone, to which th-ree iron rings are

attached by an evebolt; 4 inches west of the e bolt and about 7 feet east of east
rail of eastern railroad siding. kIt is on the St. Louis wharf, 3.9 feet south from the
north line of Lesperance street prolonged; and 137.1 feet from city stone, ALesperance
No. 2.

A VICTOR.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)
Latitude 38° 35' &Y'.22; meters +1,548, -302.
Longitude 900 11' 55".21; meters +1,336, -116.
ToAFerry, azimuth 3620 49' 34", distance 1,008.1 meters.
ToASt. George, azimuth 350 i4' 33", distance 181.7 meters,
Center of one-half inch hole and cross cut in large anchor stone (with two rino

bolts) at top of wharf and about 3 feet south from south curb line (prolonged) of
Victor street, St. Louis, Mo.; about 36 feet east from east railroad track; 1.1 feet south
from north edge of anchor stone; 1.5 feet west from east edge of same; 0.6 foot east
from north eyebolt; 8.7 feet (right-angle distance) north from a point in the south
line of Victor street prolonged, which point is 106.2 feet east from the southwest
corner of Victor street and the wharf.

53

Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 380 35' 49".91; meters +1,639, -311.
Longitude 900 10' 41".65; meters +1,008, -444.
Elevation: Stone 419.01; pipe, 424.09.
Flat stone and iron pipe, in Illinois; about 2 meters east of the center of track of

Conlogue Railroad; 1 mile south of Mobile and Ohio Railroad crossing.
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A BRICK CHIMNEY.

United States engineer office,' St. Louis, Mo., 1901. (Chart No. 2, station not
plotted,)

Latitude 380 35' 48",69; meters +1,498, -352.
Longitude 900 12' 45".11; meters +1,092, -360.
The center of the north main brick chimney of the Anheuser-Busch Brewery, west

of Broadway (Ninth and Pestalozzi streets), South St. Louis, Mo. It is 90 feet north
of south main chimney, which is 2 feet higher.

A ST. GEORGE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 36' 45".45; meters +1,401 -449.
Longitude 90°119ll.61; meters +1,412, -9,
ToA Victor, azimuth 2150 54' 30", distance 181,7 meters.
ToAFerry, azimuth 3440 45' 28", distance 884.2 meters.
Center of crosscut in 1-inch square head of iron bolt driven in ground 1 inch below

surface in wharf near foot of St. George street, S8t. .ouis, Mo., 75 feet (right angle
distance) north from a point in the north line (prolonged) of St. George street, wlhfch
point is 95 feet east from the northwest corner of St. G(eorge street and the wharf, and
7 feet east of east railroad siding. Three reference points are center notches in three
sets of three notches each cut on east flange of east rail, angles read from AFerry:
South reference point 890 444'-10.94 feet; middle reference point 139 50'-6,.96 feet,
and this point is in line with southeast corner of Rowing Club, brick building with
square-cupola, north of St. George street; north reference point 188° 09'-10.40 feet,
and this point is in line with southeast of red sheet-iron building. Station is nearly
in line with southern side of Rowing Club; 95.18 feet from southeast corner, and
97.92 feet from northeast corner of same; and 100.08 feet from northeast corner of saloon
building at northwest corner of St. George street and whirf.

A LIGHTNING ROD.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)
Latitude 38° 35' 44".77; meters +1,381, -469.
Longitude 900 12' 03".28; meters +79, .-1,373.
Lightning rod on square brick chimney at foot of St. George street, St. Louis, Mo.;

station located by plane table survey of the United States engineer oflce, St. Louis,
Mo., in 1889.

A RED CHIMNEY.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35' 38".60; meters +1,190 -660.
Longitude 900 12' 26".86 meters +650, -802.
The north side of the ladder attached to the high red iron stack of the Anheuser-

Busch Brewery, north of Arsenal street and east of Broadway, South St. Louis, Mo.

A ADDITION.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35' 38".59-; meters +1,190,-660.
Longitude 90° 12' 05".07; meters +123, -1,329.
ToAFerry, azimuth 3300 23' 07", distance 737.9 meters.
ToAWestern Rowing Club,,azimuth,690 37' 35", distance 154.3 meters.
ToALightning Rod, azimuith 1920 60' 40", distance 195.7 meters.
To, Well House, azimuth 450 23' 44", distance 432.2 meters.
Iron pipe set 6 inches below the surface on the high bank in a lumber yard near

the south line of the St. George addition, between _Louisa and Lynch streets, St.
Louis, Mo. A point in the east rail of the east siding of railroad is 114 feet west of
the station, and the angle from the flagstaff of the old Western Rowing Club to this
point is 82° 02'. This same point is 460.1 feet north from city stone at northeast
corner of Rowing Cluhb and the triangulation station is 460 feet from said city stone.
The station is 3 feet south of the north line of an old frame blacksmith shop and 36.6
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feet east from same building; also 123.7 feet (right-angle distance) north from a point
in the south boundary line (prolonged) of the St. Geoige addition, which point is
419 feet east from the intersection of said south boundary line and the east line of
First street.

A WESTERN ROWING CLUB.

United States.. engineer office, St. Louis; Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35' 36".05; meters +1,112, -738.
Longitude 900 12' 10".58; meters +256, -1,196.
The flag pole on the old Western Rowing Club building at the foot of Lynch street,

St. Louis, Mo.
A DORCAS NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)
Latitude 380 35 32",.92; meters +1,015 -835.
Longitude 900 12' 13".66; meters +331 -1 121.
Cross on city stone in the ea6t line of chty block No. 773, St. Louis, Mo.; 39.87 feet

(right-angle distances north from a point in the center line of Dorcas street, which
point is 2,315.6 feet (average record distance) from the intersection of said center
line and the east line of Broadway.

A WELL HOUSE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 38° 35' 28"/.74; meters +886, -964. -
Longitude 900 12' 17".79; meters +431, -1,022.
Conical roof of pum in station of Anheuser-Busch Brewery; north of and near

foot of Arsenal street, St. Louis, Mo.
A ARSENAL.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35/ 28".61; meters +882, -968.
Longitude 900 12' 23".87, meters +678, -874.
To,& Ferry, azimuth 2920 09' 29", distance 885 meters.
Center of one-haif inch hole and cross, cut on top and in the center of the stone

masonry pillar marking the northeast corner of the old United States arsenal tract'
east of St' Louis Iron Mountain and Southern Railway tracks, at foot of Arsenai
street, St. Louis, TMo. It is 857.2 feet east from the east line of Second street (a mark
on north face of arsenal wall). Azimuth to center of pillar, northwest corner of
tract 139° 53' 34)".

A GATE.

United States engineer office, St. Louis, Mo., 1889; redetermined in 1901. (Chart
No. 2, station not plotted,)
Latitude 380 35I 24".32;- meters +750, -1,100.
Longitude 900 12' 28".65; meters +693, -759.
ToA Ferry, azimuth 2820 10 02", distance 9567 meters.
Center of 1-inch hole, drilled in center of stone coping above the arch of the gate

or sally port in the east or river wall of the old Arsenal tract and in the present
United States engineer depot grounds at the foot of Arsenal street, Sb. Louis, Mo.
The old name of this triangulation station was "U. S. Engineer Depot."

A HOME BREWERY.

City of St. Louis, redetermined by United States engineer office, St. Louis, Mo,
1901. (Chart No. 2, station not plotted,)
Latitude 380 35' 19".16; meters +591, -1,259.
Longitude 900 13' 16".81; meters +407, -1,045.
ToAFerry, azimuth 2710 09' 00", distance 2.101.4 meters.
A copper rivet, in gravel roof, near the northeast corner of Home Brewery Build-

ing; 9 feet west of west side of Salina street and 110 feet south of south side of Miami
street. It is 7.59 feet south' of fire wall; 7.88 feet west of fire wall; 10.88 feet from
intersection of two fire walls; and 16.95 feet north of Scuttle (Colby's description,
survey of city of St. Louis, Mo.). Station was not occupied in 1901.
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A FERRY.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35' 17",78; motors +648, -1,302,
Longitude 90011' 50".01; meters+1,210, -242.
ToAlome Brewery, azimuth 910O0' 54", distance 2,101.4 meters.
ToA Addition azimuth 1600 23' 16", distance 737.9 meters.
ToZepp, azimuth 860 13' 49", distance 1,315.9 meters.
To, Brice Chimney, azimuth 1265 28' 35", distance 1,637.4 meters.
To, Red Chimney, azimuth 1250 44-'B1" distance 1,098.9 meters..
ToAWesthrn Rowing Club, azimuth 1380 32' 43", distance 751.9 meters.
To, WP1l House, azimuth 1160 41' 29", distance 762.6 meters.
Iron pipe on high bank, Illinois shore, at the Sidney street (St. Louis, Mo.) ferry

landing. It is about 8 feet south of center line of old Rock Road from ferry landing
to Cahokia, Ill.; 44.8 feet north of nearest pile south. of rock road; and 77.5feet south
of nearest pile north of rock road. Pile north of stationis burnt to a sharp top.

A ZEPP.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 35, 14".97; meters +462, -1,388.
Longitude 900 12' 44"'.26; meters +1 071, -381.
ToA Keokuk, azimuth 560 27' 02", distance 860 9 meters,
ToA Ferry, azimuth 2660 13' 16", distance 1,315.9 meters,
ToA Red Chimney, azimuth 210° 01' 30", distance 841.5 meters.
Iron pipe, set flushwith surface of dump outside the railroad tracks at the foot of

Zepp street, St. Louis, Mo,; 47.43 feet east from southeast corner of shanty boat on hig'h
bank;46p09 feet east from northeast corner of same boat, 30.43 feet south from souti-
east comer of latrine; 7 feet (right angle distance) south from a point in the center
line of Zepp street, prolonged, which point is 326.5 feet east from intersection of
said center line with the east line of Barracks avenue. Station covered in 1908.

AKEOKUK.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 34' 59".54; meters +1,836, -14.
Longitude 900 13' 13".90; meters +336, -1,116.
ToAMeramece azimuth 370 44' 12", distance 724 meters.
ToAZepp, azimuth 2260 26' 44", distance 860.9 meters.
Iron pipe, near front edge of Missouri bluffs; 52.1 feet south (right-angle distance)

from a point in the eastern prolongation of the south line of Keo uk street (west of
Marine avenue), St. Louis; and this point is 117.3 feet east from the intersection of said
south line with the east line of Kosciusko street; station is in the southern prolonga-
tion of the line Zepp-Well House. References (angles referenced from,&Meramec):
Arrow' mark on fence southwest of station, 370 56'-25.65 feet; southeast corner of
latrine west of station, 95° 29'-19.88 feet; arrow mark on fence north of station, 1700
26'-10.91 feet.

0 P. B.M.16.

Mississippi River Commission, 1880-81. (Chart No. 2.)
Latitude 380 34' 49" .14; meters +1,515, -335.
Longitude '0° 13' 42" .96; meters +1,040, -412.
Elevation: 609.66.Top of copper bolt, leaded vertically in east end of doorstep of second door from

northeast corner of brick saloon adjoining Riverside Park, at junction of Piedmont
avenue and Broadway, St. Louis, Mo.; 11 inches from front face and 4 inches west of
buttress adjoining doorstep. (Station ia plotted on chart 01' too far west.

A SACRED HEART CONVENT.

United States Coast and Geodetic Survey 1871; redetermined by United States
engineer office, St. Louis, Mo., 1901. (Chart Wo. 2.)

Latitude 380 .34' 43" .94; meters +1,355, --495.
Longitude 900 14' 12" .65' meters +306, --1,146,
Center of cross on Sacred Heart Convent, Meramee street and Nebraska avenue, St.

Louis, Mo.
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A MERAMEC NO. 2,

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2.)
Latitude 380 34' 43" .48; meters +1,341, -509.
Longitude 900 13' 36" .64; meters +860, -593.
Elevation: 465.67,
ToATucker, azimuth 330 39' 01" distance 1 285.2 meters.
Center of s. one-half inch copper bolt, leaded in rock ledge at the foot of Meramec

street, St. Louis, Mo.; west of the railroad on a flat shelf north of retaining wall and
23 feet northwardly from a sycamore tree below the wall. A nail is driven into the
tree near the elevation of the station. Letters "'U. S." are cut in vertical face of ledge
just west of station; the "U" is 2.2 feet distant, and the north edge of an old drill
hole is 3.72 feet southwest. A crow on next shelf, about 3 inches higher, Is 2.63 feet
northwest. A city stone, on the east line of Marine avenue 230.5 feet from the center
line of Meramec street, is 309.45 feet, 240° 68' from the station. Also the station is
23 feet (right-angle distance) north from a point in the center line of Meramec street
and this point is 158.2 feet west from intersection of said center line and the east line
of Marine avenue.

A FLAG 5.-_D2

Mississippi River Commission, 1889, (Chart No. 2.)
Latitude 380 34' 29" .45; meters +908, -942.
Longitude 900 13' 53" .46; meters +1,294, -158.
Elevation: 636.38.
Stone post, with top broken off; on top of bluff, in south St. Loufis, Mo.; 400 meters

from and nearly south of Workhouse; 66 meters from the'railroad below the bluff.
Bench mark is southeast corner of the stone which is cut to a knob.

A ARSENAL ISLAND NC. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

lAtitude 380 34' 22" .38; meters +690, -1,160.
Longitude 900 13' 18" .48; meters +447, -1,005.
Iron ripe, on left bank of river; on Arsenal Island; on the line Revetment-Arsenal

Island, between the stations and 4l.51 feet from the latter; 5.83 feet inshore from center
nail in 10-inch blazed willow on edge of river bank.

A NEOSHO.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 34' 19" .83; meters +611, -1,230.
Longitude 900 14' 00I .44, meters +11, -1,442.
Iron pipe, on edge of blu4 in south St. Louis, Mo.; 39.9 feet (right-angle distance)

south from a point in the eastern prolongation of the north line of Neosho street (60
feet wide) and this point is 730 feet east from intersection of said north line with the
west line of Oregon avenue. A city stone is 90 feet (right-angle distance) north from a
point in said north line of Neosho street and this latter point is 59.3 feet west from the
point first described.

A SUMMER HOUSE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 34' 13".39; meters +413, -1,437.
Longitude 900 14' 02".49; meters +60, -1,393.
The flagple on summer house at Tucker railroad station near the foot of Itaska
reet, St. Louis.

A TUCKER.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2.)
Latitude 380 34' 08".79; meters +271, -1,579.
Longitude 900 14' 04".96; meters +120, -1,333.
Elevation: 428.71.
ToAMeramec No. 2, azimuth 2130 38' 43", distance 1,285.2 meters.
ToA Dover, azimuth 32° 32' 45", distance 1,147.6 meters.
ToASummei House, azimuth 202' 52' 25", distance 153.9 meters.

B. Doe. 50, 61-1---26*
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Iron pipe, set flush with embankment on east side of railroad near Tucker station
and about halfway between Madder and Neosho streets, St. Louis, Mo, A mound
of broken stone covers and imarks the station. It is 16.4 feet east of east rail of east
track; .30.3 feet east of east rail (f west track; 43.85 feet from a cross on a bowider
which i's about 12 feet north, and west of west track; 77 feet south from a 16-inch
sewer pipe projecting through the enibanknv i; 126.75 feet north from center one
of four nails and triangle blazed on yard limr )ost; 99.80 feet, actual, to a cross cut
on ledge (elevation about 10 feet) west of ' i; an(l under tool house above road
lea(lirlg to quarry 82.65 feet, actual, to a cl; - tit on ledge (elevation about 12 feet)
west of track, and near north limit of quarry,, ,Oe1 The length of the line Tucker-
Dover, by base-line measurement, is 3,765.16 fei ,.

a 52

Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 38° 34' 08".54; meters +263, -1,587.
Longitude 900 13' 18".01; metqrs +436, -1,017.
Elevation: Stone 407.15;p pe, 412.25.
TorlB2/1, azimutd 307° 00', istanco 1,059 meters.
ToA Flag 5=L-52/4, azimuth 127° 05'.
Flat stone and iron pipe, on left bank of river; on Arsenal Island, 950 meters

below its head, and 263 meters back from river bank; opposite Herf and Frerich's
chemical works; among cottonwood trees and willows. ((Covered up by deposit; not
found in 1908.)

A MAEDER.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted,)

Latitude 380 33' 59".26; meters +1,827, -23.
Longitude 900 14' 13".75; meters +333, -1,120.
ToA Shoulder No. 2, azimuth 2970 16' 40", distance 668.6 meters.
Center of one-half inch hole and cross, cut on top and about 5 feet from edge of

bare prominent ledge xear the north line of Maeder street, St. Louis Mo.; and west
of the St. Louis, Iron Mountain and Southern Railway. It is 66.4 feet (right-angle
distance) north from a point in the eastern prolongation of the center line of Mae(ier
street, and this point is 399 feet east from intersection of said center line with the
east line of Broadway.

A SCULLIN.

United States engineer office, St. Louis, Mo,, 1901. (Chart No. 2.)
Latitude 380 33' 51".88; meters +1,600, -250.
Longitude 900 14' 21".24; meters +514, -939.
Center of conical roof and weather vane o4-Mz-.cullin's house on the bluffs in

south St. Louis, Mo. (5200 South Broadway.)

A SUMMER HOUSE NO. 2.

United States engineer office, St. Louis, Mo.; redetermined, 1901. (Chart No. 2,
station not plotted.)

Latitude 380 33S 49".23; meters +1,518, -332.
Longitude 90 14' 21" .60; meters +523, -930.
The finial and lightning rod of the summer house belonging to the old Chouteau

residence, now the "Altenheim," in south St. Louis, Mo. (Old point of the United
States engineer office survey of 1889.)

A SHOULDER NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 33-' 49".32; meters +1,521, -329,
Longitude 900 13' 49".21; meters +1,191, -262.
ToAMaeder, azimuth 1170 16' 65", distance 668.6 meters.
Iron pipe, 14 inches above surface of ground; on Arsenal Island (left bank of river);

in prolongation of line Maeder-Shoulder, and 62.32 feet from the latter station; 2 feet
southwest of spike at foot of 1-foot cottonwood tree; and top of pipe is 3.77 feet from
head of another spike in triangular blaze on same tree and about 4 feet above ground,
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Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 380 33' 47".75; motors +1,472, -378.
Longitude 900 12' 42".86; meters ±1,038, -415.
Elevation: Stone 409.61; pilp(e, 414.69.
To o62/2, azimuth 1270 00', distance 1 059 meotrs.
Flat stone and iron pipe, on land of Henry MAorton; about 1 mile southwest of the

town of CahoIkia, Ill., and l mile northwest of the village of Prairie dui Pont; behind
Arsenal Island and 196' meters from left bank of chute; ill grove of small trees; 20 feet
above road leading back from house- anid almost directly back of old hurdle across
chute; 200 meters west of Mobile and Ohio Railroad where it crosses road; 4 meters
west of blazed elm tree 1 foot in diameter. (The elevation given on chart was found
to be incorrect.)

A EILER.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.) I

Latitude 330 33V 47".23; meters + 1,456, -394.
Longitude 900 14' 24"/.19; meters +586, -867.
ToAScullin, azimuth 2060 30' 49", distance MA.2 meters.
A temporary station, 28.8 feet west of brick wall near edge of bluff in "Altenheim"

(old Chouteau) yard, in south St. Louis, Mo.; 26.7 feet (right-angle distance) north
from a point in the south line of Eller street prolonged, and this point is 274.2 feet
east from intersection of said south line with the east side of Broadway.

A DOVER.

United States engineer office, St. Louis, Mo,, 1901. (Chart No. 2.)
Latitude 380 33' 37",41; meters +1,154, -696.
Longitude 900 14' 30".46; meters + 737, -716.
Elevation: 429.89.
ToATucker, azimuth 2120 32' 29", distance 1,147.6 meters.
To, Kansas, azimuth 320 20' 33", distance 696.5 meters.
Iron' pipes set about 6 inches below surface, in cinders and stone embankment on

the east side of the railway and about 300 feet north of Dover street, St. Louis, Mo.
Three reference crosses are cut in the solid rock on the west side of the track. Dis-
tance from south cross 67.88 feet; from middle cross, 28.68 feet; and from north cross,
44.07 feet. Distance between south and middle crosses, 61.2 feet.; between middle
and north crosses, 34,3 feet. Station is 275.3 feet (right-angle distance) north from. a
point in the eastern prolongation of the north line of Dover street, and this point is
301.6 feet east from the northeast corner of Dover street and Broadway.

A KANSAS.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 33' 18".33; meters +565, -1,285.
Longitude 900 14' 45".85; meters +1,110, -343.
To, Kraus, azimfuth 430 25' 47", distance 478.6 meters.
TotIncline, azimuth 3440 37' 30", distance 870.3 meters.
To, Dover, azimuth 2120 20' 09", distance 696.5 meters,
ToASteins, azimuth 260 11' 43", distance 1,341.5 meters.
Large iron driftbolt, driven into prominent point of slag dump at the foot of Kansas

street, St. Louis, Mo.; 113.8 feet from the northeast corner of a barn and 117 feet from
tLe southeast corner of same; 27.4 feet north of center of small sewer; 123.1 feet (right-
angle distance) north from a point in the south line of Kansas street prolonged and this
point is 694.8 feet east from the intersection of said south line with the east line of
Broadway. (Covered in 1908.)

A KRAUS.

United States engineer office, St. Lonis, Mo., 1901. (Chart No. 2.)
Latitude 380 338 07".06; meters +218, -1,632.
Longitude 90° 14' 69".43; meters +1,439, -14.
Elevation: 416.61.
ToA Incline, azimuth 311°17' 24", distance 745 meters.
To, Kansas, azimuth 223° 26' 38", distance 478.6 meters.
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Iron pipe, near the edge of the high bank at the foot of Kraus street, St. Louis, Mo.;
10.82 feet east by north to a bolt in the base of lamp-post at south side of street; 60
feet from northeast corner of frame building south of street; 40 feet from southeast
corner of frame building on north side of street. Station is 11.2 feet (right-angle dis-
tance) north from a point in the south line of Kraus street, and this point is 642.3 feet
east from-the southeast corner of Kraus street and Broadway.

A INCLINE.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 32' 61".11; meters +1,576, -274.
Longitude 900 14' 36"/.32; meters +879, -574.
To,&Steins, azimuth 660 06' 24", distance 900.1 meters.
To&Kansas, azimuth 1640 37' 36", distance 870.3 meters.
To, Waterloo, azimuth 330 14' 08", distance 1,403.5 meters.
To&Kraus, azimuth 131° 17' 39", distance 745 meters.
Iron pipe, set flush with surface of ground, with mound of stone 1 foot high piled

around it; in the stone. embankment of the high-water railroad incline in Illinois and
opposite Kraus street, St. Louis, Mo.; 6.92 feet west of inside edge of west rail and 4
feet from the edge Qf the embankment. There are five 9-pile clumps on the east side
of the track, and the station is about equidistant from the northernmost two, which are
surrounded by mounds of riprap 4 feet high.
The southernmost middle pile of the north clump and the northernmost middle pile

of the next clump south are blazed with triangles, about 7 feet above the ground
which are painted white with a spike in the center and the actual distance between
these spikes is 52.73 feet. At a point in this same line, 30.37 feet from spike in north
clump, or 22.36 feet from spike in south clump, the cross on the Sisters of St. Joseph
Convent is seen in range with the station, which is 41.82 feet from this same point.
The station is 51.05 feet, actual, from spike in north clump and 48.72 feet from spike in
next clump south. (Covered in 1908.)

SSTEINS.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2.)
Latitude 380 32' 39".29; meters +1,211, -639.
Longitude 90° 15' 10".30; meters +249, -1,204.
Elevation: 421.88.
To,&Jupiter, azimuth 26008' 652", distance 589.4 meters.
To, Waterloo, azimuth 3560 11' 49", distance 811.1 meters.
'ToA Incline, azimuth 246° 06' 03", distance 900.1 meters.
Copper bolt, leaded into the masonry of the ruins of the elevator at the foot of Steins

street, south St. Louis, Mo.; 57.4 feet to the southeast corner and 59.4 feet to southwest
corner of ruins; 5.38 feet northeast and 8.3 feet northwest, respectively, to bolts in
masonry; and 52.8 feet from east rail of railroad track; 68.1 feet (right-angle distance)
north from a point in the north line of Steins street, and this point is 1,869.7 feet east
from the northeast corner of Steins street and Broadway and 831.4 feet from the inter-
section of said north line of Steins street and the center line of Reilly'avenue.

A CARONDELET SCHOOL.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not
plotted.)

Latitude 380 32' 38".64; meters +1,191, -659.
Longitude 90° 15' 56".66; meters +1,372, -81.
ToInsane Asylum, azimuth 1690 56' 19", distance 6,744.3 meters.
To&Sacred Heart, azimuth 2130 05' 17", distance 4,611.7 meters.
ToANotre Dame, azimuth 130 03' 19", distance 2,332.2 meters.
A copper rivet, in intersection of the northeast and west slopes of the roof of the

Carondelet School at Davis street and Minnesota avenue, south St. Louis, Mo.; 34.76
feet from the northwest corner of the tin roof; 34.78 feet from the northeast corner;
36.66 feet from the southeast corner; and 36.80 feet from the southwest corner (Colby's
description, survey of city of St. Louis). The center part of the roof, vertex of the
four slopes, has been cut away for a ventilator which is about 12 feet square, 6 feet
high, and covered with a flat tin roof. A nail in this tin roof and approximately over
the intersectionif the original roof slopes marks the station used in 1901.
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The following measurements were taken when the angles were observed:
To, Des Peres (destroyed) 000 00'.
To the northwest corner of tin roof, 35.76 feet, 1870 25'.
To the northeast corner of tin roof, 35.56 feet, 2740 24'.
To the southeast corner of tin roof, 35.57 feet, 70 33'.
To the southwest corner of tin roof, 35.96 feet, 94° 37V.

CD 3 W.
Board on Examination and Survey of Mississippi River, 1908. (Chart No. 2.)
Latitude 380 32' 37".20; meters +1,147, -703.
Longitude 900 10' 25".72; meters +623, -830.
Elevation: 421.92.
ToiATank, U. S. Magazine azimuth 710 23'.
To spire of church, azimuth 890 17'.
To gable of house, azimuth 880456.
To gable of stone crusher. azimuth 2730 10'.
Ironpipe, set in ground and projecting about 10 inches above the surface; in

Illinoisbottom land opposite Stolle quarries, about 5 miles below East St. Louis, Ill.;
andabout one-fourth mile west from stone residence of quarry superintendent; on
small levee 6.5 feet south of center of track of Illinois Central (Belleville and East
Caronldelet) Railroad; 50 meters west of road crossing; 16-meters from northwest
corner of orchard; and 352 meters east of house on south side of tracks.

( STOLLE.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 2.)
Latitude 38° 32' 26".27; meters +810, -1,040.
Longitude 90° 10' 07".04; meters +]71, -1,283.
To®lnsane Asylum, azimuth 126° 06'.
To,&Tank, U. S. Magazine, azimuth 74004'.
ToNotreDame, azimuth 780 10'.
ToAScullin, azimuth 1130 14'.
Toj&Sacred Heart, azimuth 1.250 31'.
ToASaints Peter and Paul, azimuth;157031'.
Hole in cap of 3-inch iron pipe, 5 inches below surface of ground, gn IllinQis bluffs

and about 15 miles below East St. Louis, Ill.; on highest mound back of stone resi-
dence of superintendent of Stolle quarries, and about 50 meters downstream from
same; 16 meters back from edge of bluff and about 5 meters southwestof top of
mound. References: 36-inch oak stump, 2800 20'--35 meters; burnt snag, 610 45'-
57 meters; northeast corner of stone residence, 1790 15'--292 meters; two 18-inch
black oak trees, 1 foot apart, and at, upper edge of scattered timber, triangle blazed
on east one, 71° 55'-83 meters.

A JUPITER.

United States engineer office, St. Louis, Mo., 1901 and 1903. (Chart No. 2.)
Latitude 380 32' 22".13; meters +682, -1,168 1(1901).
Longitude 900 L5' 21".02; meters +509, -944 (1901).
Latitude 380 32' 22" 13; meters +682, -1,168 (1903).
Longitude 90° 15' 2i".07; meters +510, -943 (1903).
To, Naterloo, azimuth 3110 47' 39", distance 420.6 meters (1901).
To,&Waterloo, azimuth' 3110 48' 31", distance 420.6 meters (1903).
ToAVulcan, azimuth 330 47' 08", instancee 740.2 meters'(901).
ToQVulcan, azimuth 330 48' 02", distance 740.4 meters (1903)
ToAS-teins, azimuth 2060 08' 46", distance 589.4 meters (1901).
Cross on square head of 1-inch iron bolt, driven into the slag dump flush with sur-

face, near the old Jupiter Furnace and north from the foot of Davis street St. Louis,
Mo. A mound of stone covers and marks the station which is on prom nent point
and 12 feet from edge of the dump, 28 6 feet upstream from a snubbing post in which
3 nails forming a triangle are driven; 176.5 feet from northeast corner of main
furnace building and 130 feet downstream from outer end of a plank bridge over a
ditch; 286.9 feet (right angle distance) north from a point in the north line of Davis
street, and this point is 1,323.9 feet east from the intersection of said north line and
the east line of Reilly avenue, 447.7 feet east from a " mark correct for Davis street"
in the west face of the southwest corner of an old brick house east of the St. Louis
Iron Mountain and Southern Railway, and 219 feet from a mark on foundation of old
furnace 2.2 feet wouth of the north line of Davis street.



406 WATRkiRIWAY, ST. LOUIS TO THE GULF AND CHICAGO.

WATERLOO.

United States engineer office, St. Louis, Mo., 1901 and 1903. (Chart No. 2.)
Latitude 380 32' 13".04; meters +402, -1,448 (1901).
Longitude 900 15' 08".08; meters +19f, -1,257 (1901).
Latitude 380 32' 13".04; meters +402, -1,448 (1903).
Lonxgiitude 900 15' 08".13; meters +197, -1,256 (1903).
Elevation: 404.84.
ToASteins, azimuth 1760 11/ 50" distance 811.1 meters.
ToAllcline, azimuth 213° 13' 483', distance 1,403.5 meters.
ToAJupiter, azimuth 1310 47' 47", distance 420.5 meters.
To&Jupiter, azimuth 1310 48' 40", distance 420.6 meters (190:3).
Nail hole surrounded by triangle of three nails, on west main longitudinal stringeer

of the railroad incline in Illinois, south of the Waterloo road, and opposite Davis street,
St. Louis, Mo. Station is close to and below the west rail and over the third cross sill
from the revetment. Three notches are cut oil the rail flange just above the point.
Two triangles with ax notches and two triangles of tacks are on the ties nearest north
and south.

A CITY LIMITS NO. 2.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not plotted.)
Latitude 38° 32' 02".54; meters +78, -1,772.
Longitude 900 15' 48".06; meters +1,164, -289.
Stone post, marking the southern boundary line of the city of St. Louis, Mo.i about

200 fiet south from center of River des Peres; on the east side of the St. Louis, Iron
Mountain an(d Southern Railway; and 521.4 feet fromACity Limits No. 1.

A VULCAN.

United States engineeroffice, St. Louis, Mo., 1901 and 1903. (Chart No.2, station not
plotted.)
Latitude 380 32' 02".18;: meters +67, -1,783 (1901).
Longitude 900 15' 38".02; meters +921, -532 (1901).
Latitude 380 32' 02".18; meters -67, -1,783 (1903).
Longitude 900 15' 38" .08; meters +922, -531 (1903).
ToAJupiter, zimutji 213° 46' 57", distance 740.2 meters.
ToAJupiter, azimuth 2130 47' 51", distance 740.4 meters (1903).
To&Opposite Vulcan, azimuth 2890 20' 54", distance 573.6 meters (1903).
ToDu Pont, azimuth 338° 07' 47", distance 867.5 meters (1903).
Iron pipe, set flush with surface of ground and covered with mound of earth and

stone on prominent point about 100 feet north of the River des Peres and near the foot
of Lorenz street, St. Louis, Mto.; 149.2 feet from old A Vulcan Chimney (destroyed);
401.9 feet from A City Limits No. 1; and 76.6 feet (right angle distance) South from a
point in the center line of Lorenz street prolonged, an(l this point is 1,290.1 feet east
from the intersection of said center line with thu east line of Polk street.

A CITY LIMITS NO. 1.

United States engineer office, St. Louis, Mo., 1901. (Chart No. 2, station not plotted.)
Latitude 380 32' W00.07; ruieters +2, -1,848.
Longitude 90015' 42":30; meters +1,024, -429.
Stone post, marking the southern boundary line of the city of St. Louis, Mo.; about

200 feet south from center of River des Peres; 140 feet west from high bank of Missis-
sippi River; and 402 feet from A Vulcan.

31

Mississippi River Commission, lf89. (Chart No. 2.)
Latitude 380 31' 57".57; meters +1,775, -75.
Longitude'900 15' 58".53; meters +1,418, -36.
Elevation: Stone, 417.82; pipe, 422.91.
To El 51/2, azimuth 2930 20'.
Flat stone and iron pipe, 170 meters south of River des Peres, at'nearest point; 40

meters west of St. Louis, Iron Mountain and Southern Railway tracks; in east edge
of open timber; beside path and near fence-along the right of way. (Not found in
1908.)



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 407

A OPPOSITE VULCAN.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted. )

Latiti'ule 38° 31' 56".01; meters +1,727, -123.
Longitude 900 15' 15".73; meters +381, -1,073.
To, Dii Pont, azimuth 190 31' 22", distance 652.6 meters.
ToVulcan, azimuth 1090 21' 08", distance 573.6 meters.
Iron pipe, on left bank, 10 inches above surface of ground; 25 feet from top of bank

in line with south end of railroad bridge over River des Peres and flagstaff of Mount
St. Roee Hospital; and 20 feet southeast of 12-inch blazed cottonwood tree.

ED 4W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 2.)
Latitude 380 31' 38".63; meters +1,191, -659.
Longitude 900 12' 26".92; meters +652, -801.
Elevation: 419.53.
To,&Notre Dame, azimuth 850 44/.
ToASacred Heart, azimuth 1550 52'.
To water tank, Bixby, Ill., azimuth 200 30W
To church spire, azimuth 1540 20'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

600 meters above roundhouse at Dupo, Ill.; 1t miles belomv the junction of Illinois
Central (Belleville and East Carondelet) Railroad and St. Louis, Iron MNlountain and
Southern Itailway (Illinois division); 11.3 feet east of center of northbouind track;
234 meters below Seileman's house; 83 meters above telegraph pole; 5115 and 190
meters below pole 5/10.

Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 380 31' 37".52; meters +1,157, -693.
Longitude 900 14' 59".35; meters +1,437, -16.
Elevation: Stone, 412.12; pipe, 417.20.
To E51/1, azimuth 292° 45, distance 708 meters.
ToEl51/3, azimuth 1130 20'.
Flat stone and iron pipe, on little knoll, distant about 60 metersI west from Prairie

du Pont Creek; in timber and about 11 miles below East C(arondeelet, Ill. It is just
south of the St. Louis, Iron Mountain and Southern Railway (Illinois division, river
branch).

A DU PONT.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 380 31' W6".07; meters +1,112, 738.
Longitude 900 15' 24".74; meters +599, -854.
ToANeyer, azimuth 12° 25' 07", distance 1,154.6 meters.
ToA Ivory, azimuth 500 08' 38", distance 1,386.9 meters.
ToAVulcan, azimuth 158° 07' 55", distance 867.5 meters.
To, Opposite Vulcan, azimuth 1990 31' 17", distance 652.6 meters.
Iron pepe, on left bank, 10 inches above surface of ground; about 300 feet north

of mouth of Prairie du Pont Creek; 20.5 feet northeast of 6-inch blazed willow tree
and 700 feet south of railroad incline.

]61
Mississippi River Commission, 1889. (Chart No. 2.)
Latitude 380 31' 28".61; meters +882, -968.
Longitude 900 14' 32".32; meters ±783, -671.
Elevation: Stone, 408.52; pipe, 413.61. 1

To El 51/2, azimuth 1120 45', distance 708 meters.
Flat stone and iron pipe, about 14 miles below East Carondelet, Ill.; under elm

tree blazed and marked "U. S. B. M. No. 51;" 194 meters east of the Mobile and
Ohio Railroad; 100 meters west of the St. Louis and Columbia Rock road; in culti-
vated field.
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A NOTRE DAME.

United States engineer office, St. Iouis, Mo., 1901. (Chart No. 2.)
Latitude 380 31' 24S".96; meters +770, -1,080.
Longitude 900 16' 18".41; meters +446, -1,008.
Center of the tower and croas, on Notre Dame Convent, south of River doe Peres.

A D 4.

United States engineer office, St. Louis, Mo.; redetermined, 1903. (Chart No. 2,
station not plotted.)

Latitude 380 31' 00".07; meters +2, -1,848.
Longitude 900 16' 14"-.90; meters +361, -1,093.
ToAMoyer, azimuth 2710 01' 27", distance 967.2 meters.
Hole in rock, near edge of Mlissouri bluffs; immediately west-of railroad; 650 feet

below old stone gatepost of Ullite(l States _powder depot; 320 feet east of brick house;
and 885 feet (measured along track) north of sigii post "Barracks one tilhe."

& MEYER.

tInited States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted. )

Latitude 380 30' 59".50; meters +1,835, -15.
Longitude 90° 15' 34".99; meters +848, -606.
ToA Ivory, azimuth 1060 18' 21", distance 850.6 meters.
ToAJefferson Barracks, azimutnh 570 30' 21", distance 1,272.4 meters.
ToAD 4, azirmuth 910 02' 62",(distance 967.2 meters.
ToADu Pont, azimuth 1920 25' 00", distance 1,154.6 meters.
ToATank, U. S. Magazine, azimtluh 870 60' 50", distance 1,523.3 meters.
Iron pipe, in Illinois; 10 inches above surface of ground; 6 feet from top of bank

on land of Meyer Land Company; and on line withA Flagstaff and center of railroad
station at Jefrson Barracks, Mo.

A TANK, U. B. MAGAZINE.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 380 30' 57".64; meters 4.1,777, -73.
Longitude 900 16' 37".82; meters +916, -548.
Center of conical roof of water tank on grounds of United States powder depot,

Jefferson Barracks, Mo.
A FLAG 7.

Mississippi River Commission, 1880-1881. (Chart No. 2.)
Latitude 380 30' 38".77; meters +1,195, -655.
Longitude 900 15' 16".85; meters +408, -1,045.
Elevation: Stone, 414.28.
To®Twin Hollow (MRC), azimuth 27° 19' 5WI, distance 7,406.9 meters.
To®Dryer, azimuth 2810 34' 54", distance 4,976 meters.
To I 5 (Field), azimuth 62° 55', distance 2,119 meters.
Stone post, on left bank and opposite the United States powder depot; just west

Of north and south road; and south of east and west road; on land of John Wugea and
175 meters north of his house; John Eugea's orchard is east of and across the road
from stone. A pipe was placed over the stone in 1901. (Elevation, 441.87, given on
chart is incorrect.)

A JEFFERSON BARRACKS.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 380 30' 37".32; meters +1,151, -699.
Longitude 900 16' ]9".-28- meters +467,,-987.
ToAG 4, azimuth 160 09 15", distance 1,733.6 meters.
ToAOpposite G 4, azimuth 3480 32' 18", distance 1,713.7 meters.
ToA Ivory, azimuth 195° 33' 12", distance 9,575.6 meters.
Hole in rock ledge, in Missouri- on east or river sidle of St. Louis, Iron Mlountnin

and Southern Railway tracks and nearly opposite the officers' quarters at Jefferson
Barracks, Mo.
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A FLAGSTAFF.

United States engineer office, St. Louiis, Mo., 1903. (Chart No. 2, nation not
plotted.)

Latitude 380 30' 11".59; meters +357, -1,493.
Lolgitu(le 900 16' 37".26; meters +903, -551
ToAOpposite G 4, azimuth 3180 46' 41", distance 1,177.9 meters. Flagstaff at

Jefferson Barracks, Mo.
$D SW.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 2.)
Latitude 380 30' 11".11; meters +343, -1,507.
Longitude 90° 13' 08".42; meters -+204, -1,250.
Elevation: A418.75.
TorofTlank, U. S. Magazine, azimuth 1060 01'.
ToANotre Dame, azimuth 1110 20'.
To cross on church spire, azimuth 1280 41'.
To smokestack, Dtipo (middle), azimuth 198 10'.-
To finial of water tank IBixby, azimuith'200 41'.
Cross in end of railroa( rail, 1 inch above surface of ground in Illinois bottom land;

three-(quarters of a mile above B~ixby; 137 meters below telegraph pole 7/5; 127 meters
above telegraph pole 7/10;- and 51 meters above switch stand.

1tail is set vertically in St. LouIs, Iron Mountain and Southern Railway (Illinois
Division) right of way, about 8 inches east of center of track,

0 DRYERS.

United States Coast anid Geodetic Survey, 1871, and Mississippi River Commission,
1880-81. (Chart No. 2.)

Latitude 380 30' 06".33; meters +195, -1,655.
Longitu(le 900 1l 55$".71; meters +1,350, -104.
Elevation: 682.2.
Toqlnsane Asylum, azimuth 1480 16' 50".83, distance 13,331.28 meters.
To(&Clarks Mound, azimuth 2320 20' 44".56, distance 14,116.73 meters.
TowTwin Hollow (MEC), azimuth 560 02' 04".10, distance 9,980.80 meters.
ToA Flag 7, azimuth 1010 36' 59", distance 4,975-.0 meters.
An earthenware pyramid, marked " U. S. C. S." placed 3 feet below the surface of

the ground, o1 Illinois bluffs; 2 miles below Falling Spring; 1 miles southeast of
Dupo, Ill.; and near the lower end of Mluff Lake. It is on the south si(le of a large
ravine; about one-quarter mile from the perpendicular face of bluff; and almost on
line with the wagon road that crosses the lower end of Bluiff Lake and enters Dupo on
the south. Marble surface marking stone has been destroyed.

A Gas

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)
Latitude 380 29' 43".32; meters +1,336, -514.
Longitude 900 16' 39".18; meters +949, -505.
To Jefferson Barracks, azimuth 196° 09' 0'2", distance 1,733.6 meters.
ToADavis, azimuth 10° 59' 08", distance 9:39.3 meters.
ToAOppoite G 4, azimuth 2700 59' 51", distance 823 meters.
ToAWVifson, azimuth 330° 44' 14", distance 1,540.6 meters.
Hole in rock ledge, on first bluff below Jefferson Barracks, Mo.

A OPPOSITE G C

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 330 29' 42".86; meters +1,322, -528.
Longitude 900 16' 05".23; meters + 127, -1,327.
To& Davis, azimuth 470 49' 36", distance 1,351.9 meters.
ToA Flagstaff, azimuth 138° 47' 01", distancee 1,177.9 meters.
To&Jefferson Barracks, azimuth 168° 32' 27"; distance 1,713.7 meters.
Iron piVe, in Illinois; opposite United States gauge, at Jeferson Barracks, Mo.;

and on point hallway between old hurdlers Noe. 31* and 32.

409
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Mhfissippi River Commission, 1889. (Chart No.2.)
Latitude 380 29' 33".79; meters +1,042, -808.
Longitude 900 16' 41".67; meters +1,010, -444.
Elevation: 431.41.
To9350/3, distance 48 meters.
Cross cut on vertical face of natural rock, about 20 feet west of the railroad track and

1,300 meters below new railroad depot at Jefferson Barracks, Mo.

Ed3
Mimissippi River Commission, 1889. (Chart No. 2.)
Latitude 380 29' 33".40, meters +1,030, -820.
Longitude 900 16' 39".61; meters +960, -494.
Elevation: 392.27.
Too50/4, distance 48 meters.
Cross cut horizontally on smooth rock ledge near the water's edge and 1,300 meters

below the new railroad depot at Jefferson Barracks, Mo.

_10

Mimissippi River Commission, 1889. (Chart No. 2.)
Latitude 380 29' 16".86; meters +520, -1,330.
Longitude 900 14' 36".56; meters +886, -568.
Elevation: Stone, 407.65; pipe, 412.76.
Flat stone and iron pipe, on east bank of Fish Lake, Ill.; at fence in front of barn on

H. Wecker's place; 120 meters below where road along bank of Fish Lake crosses the
Mobile and Ohio Railroad.

A DAVIS.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)
Latitude 380 29' 13"/.42; meters +414, -1,436.
Longitude 900 16' 46".57; meters +1,129, -325.
To 1318usen, azimuth 13° 39' 37", distance 1,468.1 meters.
ToA Wilson, azimuth 2940 21' 15", distance 1,023.1 meters.
Hole surrounded by triangle in rock ledge in Missouri; on land of Davis (old Forder

place, above first bluff above Quarantine);4J feet-back from edge of bluff; 70 feet
below signpost "Barracks one mile; " and between two quarries.

A CULVERT.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2.)
Latitude 380 29' 03".55; meters +109, -1,741.
Longitude 900 16' 50"'38; meters +1,221, -233.
To&Carroll, azimuth 3350 34' 50" distance 1,634.0 meters.
ToAWilson, azimuth 2760 33' 13", distance 1,031.2 meters.
Hole in 1.8 by 2 foot stone, 1 foot south of center line on east side of stone arch cul-

vert of St. Louis, Iron Mountain and Southern Railway, above Quarantine, Mo. Top
of stone is 6 inches below top of rail.

A WILSON.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 380 28' 59".73; meters +1,842, -8.
Longitude 900 16' 08".11; meters +197, -1,258.
Toi&Carroll, azimuth 140 17' 39" distance 1,413.8 meters.
ToABussen, azimuth 510 51' 09'/, distance 1,626.2 meters.
ToQDavis, azimuth 1140 21' 39", distance 1,02341 meters.
ToACulvert, azimuth 96° 33' 40/Q, d(iedance 1,031.2 meters.
Iron pipe in Illinois opposite culvert of St. Louis, Iron Moluntain and Southern

Railway just above Quarantine, Mo.; and on the upper high bank of the upper one of
two sloughs that go in just above Carroll Island.
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9 6CW.
Board on Examination and Survey of Mississippi River, 1908. (Chart No. 2.)
Latitude 380 28' 40".30; meters +1,243, -607.
Longitude 900 13' 50".91;. meters +1,234, -221.
Elevation: 417.97.
To&Tank, U. S. Magazine, azimuth 1360 24'.
ToA Notre Dame, azimuth 1440 51'.
To finial of water tank Bixby, azimuth 1990 56'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land-

1 mile below Bixby, 111.; 490 meters above junction of Mlobile and Ohiio Railroad
and St. Louis, Iron Mountain and Southern Railway (Illinois Division); 18.1 feet east
of center of track of latter road; 84 meters above whistle post; and 41 meters below
sernaphore.

A BUSSEN.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)

Latitude 380 28' 27-".15; meters +837, -1,013.
Longitude 900 17' W' 87, meters +21, -1,434.
ToA Ripling, '03, azimuth 3390 39' 22", distance 1, 910.1 meters.
To, Carroll, azimuth 291° 27' 16/ distance 999.1 meters.
To, Wilson azimuth 231° 50' 37'", distance 1,626.2 meters.
Hole in rock, on first bluff below Quiarantine, Mo.; 7 feet back from edge of bluff;

125 feet below center of large sinkhole. Established and used as plane-table station
by United States engineer office, St. Louis, Mo., 1899. Description, 1907: Fifteen
telegraph poles below quarry and opposite first telegraph pole above concrete culvert;
witness trees blazed with triangles are as follows: Dead post oak 18 inches in diame-
ter, south 60° west, 25 feet; 10-inch blackjack, north '40° wes,. 9 feet; 6-inch tree,
north 15° west, 28 feet; station is in east end of fracture in rock.

A CARROLL.'

United States engineer office, St. Louis, Mo., 1903. (Chart No. 2, station not
plotted.)
Latitude 380 28' 15" .30; meters +472, -1,378.
Longitude 900 16' 22".51; meters +546, -909.
'roA 13ussen, azimuth 1110 27' 40", distance 999.1 meters.
rroARipling, '03 azimuth 100 34' I", distance 1,450.1 meters.
ToAMott '99, azimuth 51' 56' 44", distance 1,66t.0 meters.
ToACuilvert, azimuth 1550 35' 07". distance 1,634.0 meters.
Iron pipe, on high bank of Carroll Island, 75 feet from shore (left bank of river) and

about one-half way between the middle hurdles. (Covered in 1908.)

A MOTT '99.

United States engineer office, St. Louis, Mo., 1899; redetermined, 1903. (Chart
No. 3.)
Latitude 380 27' 42".09; meters +1,298, -552.
Longitude 90° 17' 16".46; meters +399, -1,056.
Toq®Twin Hollow (MRC:), azimuth 230 49' 00", distance 1,238.3 meters.
ToARipling '03 azimuth 2910 04' 13", distance 1,116.'1 meters.
Hole surrounded by triangle in rock; 3 feet from edge of first, bluff above Cliff Cave

Hollow, Mo 60 feet below signpost "Bousan one mile"; and opposite a sign "For
sale " painted on bluff.

A RIPLING '10.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3.)
Latitude 380 27' 29".16; meters +899, -951.
Longitude 900 16' 33".23; meters +806, --649.
To@Twin Hollow (MRC), azimuth 640 38' 00", distance 1,713.6 meters.
Iron pipe, 4 inches above surface of ground; in edge of field back of lower end of

small willows; 675 meters below slough at the,foot of Carroll Island; 30 meters above
fringe of large timber on left main bank and nearly opposite Cliff Cave, Mo. Station
was set on tie line Twin Hollow (MROC) Ripling (temporary) and 22.57 feet back of
latter.
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e HICKMAN.

Board on Examination and Survey of Mississippi River, 1908. (Cbart No. 3, sta-
tion not plotted.)
Latitude 380 27' 26".74; meters +825, -1,025.
Longitude 910° 16' 28".32; meters +687, -868.
To, Ripling '03 azimuth 1080 44', distance 231.4 meters
To chimney, azimuth 460 04' 30".
Cross cut in top of 6-imch by 10-inch irregular stone, 6 inches above surface of ground

in field, in Illinois and opposite Cliff Cave, Mo.; 5 meters east of wagon road; 18
meters above walnut tree 2j feet in diameter; 240 meters from river bank; 140 meters
below forked sycamore tree 3 feet in diameter; 198 meters below two-story frame
house on Ripling's land; and about three-eighths of a mile above brick house of John
Delmar.

* TWIN HOLLOW.

Mississippi River Commission, 1880-81. (Chart No. 3.)
Latitude 380 27' 05".35; meters +165, -1,685.
Longitude 900 17' 37" .08; meters +899, -556.
Too Dryer, azimuth 2350 58' 31".70, distance 9,980.80 meters.
To, Warner, azimuth 240 38' 48", distance 2,659.4 meters.
ToPulltight'03, azimuth 3090 63' 52", distance 1,296.8 meters.
Tot&Mott '99, azimuth 203° 48' 48", distance 1,238.3 meters.
Stone post, on point of bluff 500 feet above the upper Twin Hollow; 30 feet back

from edge of bluff; and five-eighths of a mile below Cliff Cave, Mo.

A TWIN HOLLOWS. (EnineerS.)

United States engineer office, St. Louis, Mo., 1887; redetermined 1903. (Chart No.
3, station not plotted.)

Latitude 38° 27' 05 '.24; meters +162, -1,688.
Longitude 900 17' 36".86; meters.+894, -561.
To®Twin Hollow (MRC), azimuth 121° 57' 35", distance 6.44 meters.
Hole surrounded by triangle, in rock near edge of Missouri bluffs and 21.12 feet

southeast ofi&Twin Hollow (MRC), which is a stone post on point of bluff 500 feet
above the upper Twin Hollow and 30 feet back from edge of bluff.

D 7 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 3.)
Latitude 380 26' 52".77; meters +1,627, -223.
Longitude 900 14' 38".41; meters +931, -524.
Elevation: \426.16.
ToATank, U. S. Magazine, azimuth 1690 01'.
ToANotre Dame, azimuth 1630 62'.
To Columbia church spire, azimuth 2800 39'.
To Columbia church spire (No. 2), azimuth 2790 47'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

8 miles below Bixby, Ill.; on levee; 741 meters east of center of track of St. Louis,
Iron Mountain and Southern Railway (Illinois Division); at lower end of trestle No.
11 over drainage ditch; 114 meters above telegraph pole 11/10; and 176 meters below
pole 11/5.

A GEBHIARDT.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3, station not
plotted.)

Latitude 380 26' 43".83; meters +1,351, -499.
Longitude 90° 17' 49"'.65; meters +1,204, -251.
Cedarpost on edge of Missouri bluffs; 400 feet above sign post " Cliff Cave one mile;"

100 feet norti of small orchard and 6 feet west of large dead cedar tree.

A PULLTIGHT '03.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3.)
Latitude 38° 26' 38".37; meters + 1,183, -667.
Longitude 900 16' 56".06; meters +1,360, -95.
Elevation: 411.30.
To*Twin Hollow (URC), azimuth 129" 64' 18", distance 1,296.8 meter
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Iron pipe, 10 inches above surface of ground in Illinois; on high bank 500 feet
above outlet of Fish Lake; 48 feet from top of high bank; and 43 feet west oi a blazed
cottonwood tree 2 feet in diameter. Station was set on line Twin HEoilow-Pulltight
(temporary) and 90.79 feet back of the latter station.

A BEYERS '0a

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3.)
Latitude 380 26' 22".90; meters +706, -1,144.
Longitude 900 18' 02".27; meters +65, -1,400.
Hole surrounded by triangle in rock, near edge of bluff; 1,200 feet below mile

post 14 St. Louis, Iron Mountain and Southern Railway), and 11 miles above White-
house, Mo.

A GAA13.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3, station not
plotted.)

Latitude 388 25' 56".13; meters +1,731, -119.
Longitude 90° 18' 17".67; meters +429, -1,027.
Hole surrounded by triangle in rock, near edge of perpendicular bluff in Missouri;

1,200 feet above milepost 15 of the St. Louis, Iron Mountain and Southern Railway;
in front of small orchard at head of timber and in front of long, low house with
chimney in center, occupied by Frank Gaab. To reach station, go up path belowA
Schierhoff and follow road along crest of bluff.

A WARNER.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3, station not
plotted.)

Latitude 380 25', 46".95; meters +1,448, -402.
Longitude 906 18' 22".80; meters +553, -903.
To®Twin Hollow (MRC), azimuth 2040 38' 2(1", distance 2,659.4 meters.
Hole surrounded by triangle in rock, on projecting point of Missouri bluffs on land

of Warner; 30 feet below milepost 15; 15 feet southeast of 14-inch blazed postoak, and 20
feet south of two 4-inch boxelders.

SIW.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 3).
Latitude 380 25' 23".83; meters +735, -1,115.
Longitude 900 15' 26".83; meters +651, -805.
Elevation: 413.00.
To upper gable of house, azimuth 1660 23'.
To gable of brick house, azimuth 2670 O(Y.
To gable of house, azimuth 2850 27'.
To gable of house, azimuth 2840 58".
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

4 miles below Bixby, Ill.; 78 meters west of St. Louis, Iron Mountain and Southern
Railway (Illinois Division) track. Pipe is on waste bank; 8 meters below middle of
ditch below trestle No. 15; 124 meters to telegraph pole 13/15, 3350 BCY; 200 meters
to fe 13, 2260 35'; pecan tree 3 feet in diameter, 2800 15'-38 meters; pecan tree 30
inches in diameter, 298°W-67 meters; pecan tree 24 inches in diameter, 6° 341 -56
meters.

A SCHIERHOFP.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3, station not
plotted.)

Latitude 380 25' 1'.71; meters +608, -1,242.
Longitude 90 18' 41".50; meters +1,007, -449.
To@Salt Bluff, azimuth 3560 0W1 04", distance 12,489.1 meters.
Hole surrounded by triangle in smooth ledge rock, in quarry and on top of Missouri

bluffs; about 2,400 feet above lare rock culvert at Whitehouse railroad station;
about 600 feet below small vineyard on bluff near house of Herman Schierhoff. Sta-
tion established and located by plane-table survey of United States engineer office,
St. Louis, Mo in 1899, is best reached bi path going up hillside just below projecting
point on whiZa station is located.
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A WHITEHOUSE '03.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3.)
Latitude 38° 24' 49".01; miieters +1,511, -339.
Longitude 900 19' 11".12; meters +270, -1,186.
Iron pipe, 6 inches above surface of ground on slope of hill below Whitehouse

station, Mo. It is 35 feet west of center of main track of St. Louis, Iron Mountain
and Southern Railway; 20 feet east of 8-inch sassafras tree; 180 feet south of switch-
block opposite face of quarry; 300 feet below lower end of Whitehouse siding; and
100 feet upstream from boiler house on hillside.

48* MERAMEC s T

Mississippi River Commission, 1880-81. (Chart No. 3.)
Latitude 38° 24' 23".78; meters +733, -1,117.
Longitude 900 19' 36".79; meters +893, -563.
Elevation: 564.
To®Salt Bluff, azimuth 3480 20' 36".86, distance 10,959.89 meters.
To®Sulphur Springs, azimuth 260 00' 20".93, distance 9,697.15 meters.
ToE148/2, azimuth 3120 06', distance 1,500 meters.
Stone post, on Missouri bluff; 65 meters back from St. Louis, Iron Mountain and

Southern Railway; and 1 miles above the mouth of the Aleramec River. Stone
was reset in old position in 1903, and therefore given elevation is only approximate.

48

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 24' 22".31; meters +688, -1,162.
Longitude 900 19' 34".74; meters +843, -613. -
Elevation: 422.34.
ToE148/2, azimuth 3120 06', distance 1,432 meters.
Stone post, in Missouri; just east of the St. Louis, Iron Mountain and Southern

Railway track; seven-eights of a mile below Whitehouse station. Stone stands 68
meters directly in front of Meramec.

A FINES BLUFF.

United States engineer office, St. Louis, Mo., 1887; redetermined, 1900-1903.
(Chart No. 3.)

Latitude 380 24' 07".72; meters +238, -1,612.
Longitude 90° 19' 55".82; meters +1,354,-101.
To®Salt Bluff, azimuth 3450 20 56", distance 10,582.5 meters.
To1oSulphur Spring's, azimuth 24° 45' 03", distance 9,051.7 meters.
ToASimpson 23, azimuth 40°17, 13" distance 3,945.5 meters.
ToAChesley '03, azimuth 34° 09' 011', distance 2,451.6 meters.
Hole surrounded by triangle in rock, on lower end of Fines Bluff, Mo., and imme-

diately above a quarry.
g9w.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 3.)
Latitude 380 23' 49".39; meters +1,523, -327.
Longitude 900 16' 07".57; meters +184, -1,272.
Elevation: 414.19.
To cupola of barn, azimuth 3340 14'.
To gable of red barn, azimuth 1500 50'.
To gable of barn, Missouri bluffs, azimuth 1470 16'.-
To gable of barn, Illinois, azimuth 147° 4".
Two-inch iron pipe, about 1 foot above surface of ground in Tllinois bottom land;

192 meters above Warnock depot door; 16 meters below telegraph pole 15; 102 meters
above upper end of trestle No. 19; 3.5 meters east of center of track of St. Louis, Iron
Mountain and Southern Railway (Illinois Division).
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A FLAG 9.

Mississippi River Commission, 1880-81. (Chart No. 3, station not plotted.)
Latitude 380 23' 45".27; meters +1,396, --454
Longitude 90° 19 05".72; meters +139,-1,317.
To®Twin Hollow (MRC), azimuth 1990 12' 31", distance 6,533.2 meters.
TooMeramec, azimuth 1470 35' 25", distance 1,406.9 meters.
To®vSalt Bluff, azimuth 3510 18' 35", distance 9,657 meters.
Stone post, a little below foot of Widow Beards Island; 14 miles above Smith Land-

ing, Ill.; 40 feet from willows and in cultivated field; 7 feet 10 inches southeast of 2&-
foot sycamore tree.

48

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 23' 30"1.81; meters +950, -900.
Longitude 900 18' 21".75; meters +528, -928.
Elevation: 409.76.
Stone post, in Illinois; 690 meters south of prominent angle in levee and about 3

miles northeast of Merrimac Point; on land of Louis Schroeder, at the southwest
corner of his barn, which stands a short distance west of his house. An orchard is just
east of the house.

0 P. B. M. 21.

Mississippi River Commission, 1880. (Chart No. 3.)
Latitude 380 23' 17".14; meters +528, -1,322.
Longitude 900 21' 27".32; meters +663, -793.
Elevation: 413.54.
Top of copper bolt, leaded vertically in top stone directly over keystone of arch on

north sideof culvert at "Island View;" 600 meters below Wickes Station, Mo., on
St. Louis, Iron Mountain and Southern Railway. The letters "U. S. P. 13. M." are
cut near the bolt. (Latitude and longitude given above were scaled from chart.)

A CHESLEY '03.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 3.)
Latitude 380 23' 02".34; meters +72, -1,778.
Longitude 900 2(Y 53".14; meters +1,290, -166.
ToA Fines Bluff, azimuth 2140 08' 25", distance 2,451.6 meters.
Iron pipe, 1 foot above surlace of ground in cleared field, near lone building on Ches-

ley Island. Station is 65 feet from top of high bank, and a short distance above lower
end of revetment.

A SIMPSON 23.

United States engineer office, St. Louis, Mo., 1878; redetermined, 1900. (Chart
No. 3.)
Latitude 380 22' 30".10; meters +928, -922.
Longitude 900 21' 4(Y'.92; meters +993k -464.
Tog@Salt Bluff, azimuth 324° 06' 24", distance 8,921 meters.
Hole drilled in top of "Chimney Rock," a prominent formation in Missouri bluffs

about three-quarters of a mile above Kimmswick railroad station.

$ 10 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 8.)
Latitude 380 22' 18".61; meters +574, -1,276.
Longitude 900 16' 50Y'.43; meters +1,224, -233.
Elevation: 413.75.
To cupola of barn, azimuth 2380 00'.
To gable of house, Missouri bluffs, azimuth 1370 40'.
To gable of barn ventilator, azimuth 1540 32'.
To top gable of elevator, azimuth 180 34'.
Two-inch iron pipe, about 1 foot above surface of ground, in Illinois bottom land;

three-quarters of a mile above Fountain, Ill.; 2.5 meters west of center of trek of
St. Louis, Iron Mountain and Southern Railway (Illinois Division); 63 meters above
upper end of trestle No. 23; 128 meters above sign "Warnock one mile;" 13 meters
west of telegraph pole 16/26; and 4 meters below private road crossing.
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Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 22' 10".70; meters +330, -1,520.
Longitude 900 21' 41".89; meters +1,017, -440.
Elevation: 438.12.
To E3 47/2, azimuth 2810 22', distance 2 016 meters.
Stone post, on knoll, about three-eighths of a mile north of Kimmswick, Mo., rail-

road station; 50 feet west of St. Louis, Iron Mountain and Southern Rlailw"ay track;
inside of fence of Montesano Springs P'ark and 170 meters southeast of dancing
pavilion. (Found in 1908-disturbed.)

47E]2
Mississippi River Commison, 1889. (Chart No. 3.)
Latitude 380 21' 67".73; meters +1,780, -70.
Longitude 900 20' 20"''.61; meters +498, -959.Elevation: 407.99.
To El 47/1, azimuth 2840 22', distance 1,047 meters.
To i9 47/3, azimuth 1010 22, distance 2,016 meters.
Stone post, on back slope of levee, in Illinois; opposite Kiimmewick, Mo.; 215

meters back from left bank on land of the State Savings Bank; 650 meters south of
where road leading west from village of Merrimac crosses levee; and 400 meters south
of angle in levee. 47

47

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 21' 49".23; meters +1,618, -332.
Longitude 900 19 38".71; meters +940, --517.
Elevation: 402.09.
To E8 47/2, azimuth 1040 22', distance 1,047 meters.
Flat stone, beneath the surface of ground in center of road in Illinois; and 5 feet

north of a notch cut in a 3-foot elm tree (the first large tree west of Esquire Wylie's
house, on south side of road); 1,050 meters back of levee on land of State SavingsBank, opposite Kimmswick, Mo. It is 1220 45-360 meters from right angle in
road, which angle is 200 meters west of above house.

Pipe has been moved and reset 3 meters southwest of stone.

OP. B. M.22
Mississippi River Commission, 1880. (Chart No. 3.)
Latitude 380 21' 48".81; meters +1,605, -345.
Longitude 900 21' 43".86; meters +1,065, -392.
Elevation: 415.65
Top of copper bolt leaded vertically in south abutment to south approach to rail-

road bridge on St. Louis, Iron Mountain and Southern Railway at Kimm wick,
Mo., and on east side of track.

A FLAG 10.

Miissippi River Commission, 1880-81. (Chart No. 3.)
Latitude 380 21' 43".31; meters +1,335, -16.
Longitude 900 21' 3.21; meters +855, -602..
Elevation: 411.86 (1907, 412.17).
ToiMeramec azimuth 2100 08' 46f", distance 6,722.2 meters.
To@Sulphur Aprings, azimuth 200 03' 29", distance 4,011.1 meters.
Stone post on Waters Point, Mo.; 260 meters below the mouth of Rock Creek, at

Kimmawick, Mo. Benchmark is highest point on atone.

A SIMPSON 2L

United States engineer office, St. Louis, Mo., 1878; redetermined, 1900. (Chart
No. 3.)
Latitude 383 21' 38"'.56; meters +1,189, -661.
Longitude 900 21' &3".17; meters +864, -603.
Elevation: 414.34 (by duplicate levels from P . M. 22, 1907, 414.66).
To@Salt Bluff, zimuth 817°W 23", distance 7,696.1 meters.



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 417

To®Sulphur Springs, azimuth 200 48' 36", distance 3 874.7 meters.
Cross on top of vertical piece of railroad rail, in Widow Waters's yard on Waters

Point, lo.; 30 feet from top of high bank and near gate leading to adjoining place
which has summer house in front.

$ 11W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 3.)
Latitude 380 20('. 42". 53; meters +1,311, -539.
Longitude 900 17' 35".11; meters +853, -604.
Elevation: 412.16.
To gable of elevator, azimuth 200( 28./
To gable of house, azimuth 2040 24'.
To gable of house, azimuth 1450 17'.
To gable of barn, azimuth 1140 28'.
Two-inch iron pipe, about 1 foot above the surface of ground in Illinois bottom land;

1* miles below Fountain, Ill.; 3.2 meters east of center of track of St. Louis, Iron
Mountain and Southern Railway (Illinois Division); 128 meters below sign " Fountain
one mile;" 80 meters above private road crossing; opposite and 6 meters distant from
telegraph pole 18/25.

A SIMPSON 27.

United States engineer office, St. Louis, Mo., 1878; redetermined, 1900. (Chart
No. 3.)
Latitude 380 20' 39"'.64; meters +1,222, -628.
Longitude 900 22' 13". 36; meters +324, -1,133.
Elevation: 424.10.
To®Salt l3luff, azimuth 3020 24' 33", distance 7,128.7 meters.
Hole drilled in rock ledge, on prominent point at Flemings, Mo.; between railroad

track and river; in front of place formerly occupied by Captain Fleming and some-
times known as "Surinyaide;" just below the 22-mile post and about 1t miles below
Kimmswick, Mo. Blazed tree 24 feet back from and below, and another 14 feet back
from and above the station.

48

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 19' 43"'.94; meters +1,355, -495.
Longitude 900 22' 31".37; meters +762, -695.
Elevation: Stone 434.55; pipe, 139.65.
To346/2, azimriu ti 2810 50^, distance 1,785 meters.
Flat stone and iron pipe, just west of railroad track; one-half mile below Sulphur

Springs, Mo., and 85 meters north of * Sulphur Springs. (Pipe found bent over in
1908.) -

0 SULPHUR SPRINGS.

Mississippi River Commission, 1880-81. (Chart No. 3.)
Latitude 380 19' 41".09; meters +1, 267, -583
Longitude 900 22' 31".84; meters +773, -684.
Elevation: 634.75.
To®Salt Bluff, azimuth 2870 18' 23".:78 distance 6,773.94 meters.
To® Ierculaneum, azimuth 3570 33' 330'.93, distance 8,164.13 meters.
To®Meramec, azimuth 2050 58' 32".28, distance 9,697.15 meters.
Toi&Simpson 25, azimuth 200° 48' 01", distance 3,874.7 meters.
ToASinipson 27, azimuth 1930 67' 26", distance 1,860.2 meters.
ToABushberg '88, azimuth 000 11' 53", distance 2,276.4 meters.
Stone post, on top of bluff; about one-half mile below the town of Sulphur Springs,

Mo.; and 40 meters west of railroad track. Bench mark is upstream corner, farthest
from the river. Stone has been cracked on river side, and through the center.

A SECOND CUT.

United States engineer office, St. Louis, 'Mo., 1900. (Chart No. 3.)
Latitude 380 19' 37".82; meters +1,166, -684.
Longitude 900 22' 29".55; meters +718, -740.
Elevation: 429.60.
To®Salt Bluff, azimuth 2860 37' 25", distance 6,691.3 meters.
To&Bushberg '88, azimuth 1° 40' 22", distance 2,176.4 meters.

H3. Doc. 50, 61-1---27*
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Hole surrounded by triangle in rock, on second knob outside of railroad; 1,100
meters below Sulphur Springs, Mo. Station is 7 feet from outer edge of rock; 15 feet
from upstream edge; and 5 feet diagonally upstream from large fissure separating bed
rock from large detached bowider on downstream corner.

El46

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 38° 19' 32"-.01; meters +987, -863.
Longitude 900 21' 19".55; meters +475, -982.
Elevation: Stone? 406.27; pipe, 411.37.
To@Sulphur Springs, azimuth 279° 05',: distance 1,781 meters.
ToWD46/1, azimuth 281° 40', distance 668 meters.
To0D46/3, azimuth 1010 50', distance 1,785 meters.
Flat stone and iron pipe, 900 meters from top of left bank of river; on west side of

road on levee; 1,200 meters ahove the head of Foster Island; 400 meters above house
occupied by Alex. Douglas, on land owned by Morrison Brothers. Elm tree, blazed
triangle facing store, stands 6 meters away.

46
1

Mississippi River Commission, 1889. (Chart No. 3.)
Latitude 380 19' 27" .57; meters +850, -1,000.
Longitude 90° 20' 52".48; meters +1,275, -183.
Elevation: Stone 406.01; pipe, 411.12.
ToS46/2, azimuth 101040 , distance 668 meters.
Flat stone and iron pipe, on left bank; about 1 mile from river and one half milr

below Sulphur Springs, Mo.; on top of the second or back levee on laud owned bv
Morrison Brothers; and 360 meters north of a road..

A FLAG IS-

Mississippi River Commission, 1880-81. (Chart No. 3.)
Latitude. 380 18' 57".18; meters +1,763, -87.
Longitude 900 21' 12".02; meters d-292, -1,166.
Elevation: 405.87.'
To®Sulphur Springs, azimuth 1240 55', distance 2,368 meters.
Stone post, on land of Henry Smith; 110 meters from top of left bank; opposite

the head of Foster Island; and due east from a point 500 meters south of Glen Park,
Mo., railroad station. (Latitudes and longitudes given are approximate values.)

@ SALT BLUFF.

Mississippi River Commission, 1880-81. (Chart No. 3.)
Latitude 380 18' 35".65; meters +1,099, -751.
Longitude 900 18' 05".65; meters +137 -1 321.
To Herculaneum, azimuth 440 56' 35").33', distance 8,669.98 meters.
To®Meramec, azimuth 1630 21' 33".42, distance 10,959.89 meters.
To®Sulphur Springs, azimuth 107° 21' 08".83', distance 6,773.94 meters.
To&Schierhoff, azimuth 1760 00' 27", distance 12,489.1 meters.
ToAFines Bluff, azimuth 1650 22' 04", distance 10,582.5 meters.
To&Simpson 25, azimuth 1370 57' 33" distance 7,596.1 meters.
To&Simpson 27, azimuth 1220 27' 07", distance 7,128.7 meters.
ToABushberg '88, azimuth 870 44' 07", distance 6,480.4 meters,
ToASecond Cut, azimuth 1060 40' 09", distance 6,691.3 meters.
ToASimpson 23, azimuth 144° 08' 38", distaDxe 8,921.0 meters.
To&Simpson 35, azimuth 530 16' 02", distance 7,911.2 meters.
Iron pipe, in cleared spot on highest point o'e a very prominent bluff known locallyr

as Salt Bluff, Salt Lake Bluff, and Eagle Cliff. The bluff is situated back of Murdock
Lake, near Valmeyer, and northeast of Ha~rrisonville, Ill.
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Board on Examination and Survey of Mississippi River, 1908. (Chart No. 3.)
Latitude 380 18' 32".80; meters +-1,011, -839.
Longitude 90° 18' 35".94; meters +873, -585.
Elevation: 409.30,
To&Salt Bluff, azimuth 263011/.
To cupola of schoolhouse, azimuth 210 39'.
To final of water tank, azimuth 15° 49'.
To top gable of elevator, azimuth 110 57.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land

three-fourths of a mile above Valnmeyer, Ill.; 3 meters southwest of St. Louis, Iron
Mountain and Southern Railway (Illinois Division); 22 meters above telegraph pole
21/15; and 2 meters below road crossing.

A BUSHLBERG, '8&

United States engineer office, St. Louis, Mo., 1888; redetermined, 1902. (Chart
No. 4.)

Latitude 380 18' 27".26; meters +841, -1,009.
Longitudb 90° 22' 32".16; meters +781, -676.
To(llerculaneum, azimuth 3560 32' 25" distance 5,891.1 meters.
To(Sulphur springs, azimuth 180' 11' 52"/, distance 2,276.4 meters.
To®Salt Bluff, azimuth 267° 41' 22", distance 6,480.4 meters.
ToASecond Cut, azimuth 1810 40' 21", distance 2,176.4 meters.
Hole drilled in 12 by 12 inch stone, in ledge of rock at top of bluff; 1,600 feet north

of Buslhberg station, Mo.; and 520 feet north from milepost 25 on railroad. Blazed
trees; 18-inch white oak, west 45 feet; 10-inch black oak, northwest 35 feet.

ILLINOIS, '88.

United States engineer office, St. Louis, Mo., 1888; redetermined, 1902. (Chart
No. 4.)

Latitude 380 17' 29".70; meters +916, -934.
Longitude 900 22' 38".11; meters +926, -532.
Elevation: 408.36.
Hole drilled in large rock, about 600 meters north of Riverside station, Mo., on

St. Louis, Iron Mountain and Southern Railway; 60 feet east of track; about 500
feet south from milepost 26; oIn third main shelf below the track; and about one-
third of the distance between fourth and fifth telegraph poles standing north of high
switchstand.

E)-

Mississipni River Commission, 1889. (Chart No. 4.)
Latitude 380 17 04".65; meters --143, -1,707.
Longitude 900 20' 58".69; meters +1,424, -34.
Elevation: Stone 400; pipe, 405.08.
To045/2, azimuth 850 00', distance 754 meters.
Flat stone and iron pipe, on west side of road; one-balf mile north of where main

roads cross, in town of Harrisoluville, Ill.; 125 meters north of crossroads; oln pasture
land of Patrick Murray and 85 meters north of his house. Walnut tree 2 feet in
diameter, blaze facing pipe, 2300 00'-4 meters distant; another walnut tree 4 feet
in diameter, blaze facing pipe, 3100 00'-10 meters distant.

2

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 38° 17' 02,".49; meters +77, -1,773.
Longitude 900 21' 29//.50; meters +717, -741.
Elevation: Stone 399.19; pe, 404.28.
To9D45/1, azimuth 2650 00 , distance 754 meters.
ToEI45/3, azimuth 840 56k, distance 1,750 meters.
Flat stone and iron pipe, on land of Tom James; at foot and on east side of levee;

35 meters south of east-and-west road to Harrisonville Landinig, Ill.; 250 meters above
the foot of Foster Island and 330 meters east from east bank of chute.
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Board on Examination and Survey of Mississippi River, 1908. (Chart No. 4.)
Latitude 380 17' 00".13; meters +4, -1,846.
Longitude 900 18' 37".69; meters +916, -542.
Elevation: 406.90.
To top gable: of elevator, azimuth 1660 44'.
To middle elevator chimney, azimuth 1650 24'.
To gable of house, azimuth 28° 16'.
To gable of barn, azimuth 27° 19'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

three-quarters of a mile below Valmeyer, Ill.; 3.83 meters west of center of track of
St. Louis, Iron Mountain and Southern Railway (Illinois division); 384 meters below
telegraph pole 23/5; 2 meters above private road crossing, and 103 meters above upper
end of trestle No. 32.

46

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 16' 57".40; meters +1,770, -80.
Longitude 900 22' 41".14; meters +1,000, -459.
Elevation: 408.39.
ToEJ45/2, azimuth 264° 55', distance 1,750 meters.
Stone post, under sycamore tree 24 feet in diameter on north bank of first creek

below Riverside, Mo., and just north of north end of Lucas Bluff; 500 meters south-
east of IRiverside railroad station; 50 meters from right bank of river and about 20
meters east of the Mississippi River and Boune Terre Railway.

A SIMPSON 3

United States engineer office, St. Louis, Mo., 1874; redetermined, 1902. (Chart
No. 4.)
Latitude 380 16' 02".11; meters +65, -1,785.
Longitude 900 22' 26".46;0meters +643, -816.
To®Salt Bluff, azimuth 2330 13' 20"', distance 7,911.2 meters.
To®Herculaneum, azimuth 351° 13' 47", distance 1,421.5 meters.
Toi&Simpson 45, azimuth 3410 34 11", distance 8,162.4 meters.
Hole drilled in bare rock, over "Natural Bridge," on first point of rock and on

bluff above Herculaneum, Mo.
A TANK.

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 380 1' 38".96; meters +1,201, --649.
Longitude 90° 22' 29".76; meters +723, -736.
Final on railroad water tank at Herculaneum, Mo.

A CHIMNEY.

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 38 15' 37".25; meters +1,149,-701.
Longitude 900 22' 36".80; meters +895 -564
Large square brick chimney of St. Joe Lead Company at Herculaneum, Mdo.

0 14 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 4.)
Latitude 380 15' 23".80; meters +734, -1,116.
Longitude 900 18' 00".20; meters +-5, -1,454.
Elevation: 403.76.
To gable of house, azimuth 3100 W7/.
To gable of house, azimuth 3410 54'.
To gable of house, azimuth 3420 16'.
To gable of barn, azimuth 3120 153.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

2J miles below Valmeyer Ill.; 3 meters east of center of track of St. Louis, Iron Mouin-
tain and Southern Raiilway (Illinois division); 102 meters above telegraph pole
25/10; 172 meters below telegraph pole 25/5f; 26 meters below road crowing and 1.6
mt above sign "Railroad crowing."
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HERCUJLANEU

Mississippi River Commission, 1880-81. (Chart No. 4.)
Latitude 380 15' 16".65; meters +510, -1,340.
Longitude 90° 22' 17-".64; meters +426, -1,033.
Elevation: 494.60.
To®Salt Bluff, azimuth 224° 53' 59".27, distance 8,669.98 meters.
ToeCaesars, azimuth 3300 51' 00".44, distance 11,887.10 meters.
To®Sulphur Springs, azimuth 1770 33' 42".79, distance 8,164.13 meters.
ToA.Simpson 35, azimuth 171°13' 53"-, distance 1,421.5 meters.
ToA Riverside, azimuth 1710 54' 52", distance 2,704 meters.
ToABushberg 88, azimuth 1760 32' 34", distance 5,891.1 meters.
To,& Chimney, azimuth 143° 43' 35", distance 791.5 meters.
ToATank, azimuth 1560 45' 30", distance 752 meters.
Iron pipe, 10 feet back from most prominent point at upper end of Joachim Bluff,

Mo.; 720 meters below the mouth of Joachim Creek; and about 2j miles above Crystal
City, Mo.

A JOACHIM.

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 380 15' 11".00; meters +339, -1,511.
Longitude 900 22' 13".89; meters +338, -1,121.
Elevation: 416.26.
ToASimpeon 35, azimuth 169° 01' 59", distance 1,605.2 meters.
ToA Riverside, azimuth 170" 38' 57", distance 2,886.4 meters.
Iron pipe, 9 inches above surface of first prominent rock point below Joachim

Bluff, Mo., and about 1,000 meters below the town of Herculaneum, Mo.; 20 feet
outside of east rail of track of the Mississippi River and Bonne Terre Railway; 36.5
feet from a cross cut on rock about 10 feet south of normal from pipe to rail and 15
feet west of rail; also 64.9 feet from a similar cross upstream, the actual distance
between the two crosses being 62 feet.

A QUARRY.
/

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 380 14' 52".24; meters +1,611, -239.
Longitude 900 22' 14".83; meters +361, -1,098.
To®&Salt Bluff, azimuth 2210 18' 05", distance 9,175.5 meters.
ToA Crystal, azimuth 343° 32' 19", distance 4,179.8 meters.
Hole surrounded by triangle in rock, on Missouri bluffs; at north end of old quarry;

3,000 feet above the old house above Platin Rock and about 1,900 feet below
Joachim.

944
1Z

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 14' 31".78; meters +980, -870.
Longitude 900 20' 51".39; meters +1,250, -209.
Elevation: Stone, 404.12; pipe, 409.22.
Flat stone and iron pipe, on top of levee; in Illinois and 680 meters back of head

of Calico Island; 160 meters south of Henry Althoff's house; azimuth to schoolhouse
2930 35, distance 640 meters; Ivy and Harrisonville road on top of same levee.

El !q
I

Mississippi River Commission, 1889; redetermined by United States engineer
office, St. Louis, Mo., 1902. (Chart No. 4.)

Latitude 38° 14' 17".68; meters +545, -1,305.
Longitude 900 22' 15".15; meters +368, -1,091.
Elevation: 421.71.
To®Salt Bluff, azimuth 217° 18' 09, distance 10,002.4 meters.
Stone post, 6 inches above surface of ground; in young timber on debris slope

under bluff above Hugs Landing, Mo.; 462 feet below an old stone house; 101 feet
above whistle post; 38 feet back of railroad fence- 15 feet back of small ditch inside
of fence; and nearly opposite upstream end of old loading platform on river bank.
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Board on Examination and Survey of Mississippi River, 1908. (Chart No. 4.)
Latitude 380 14' 16".21; meters +500, -1,350.
Lonigitude 900 17' 25".79; meters +627, -832.
Elevation: 404.36.
To gable of depot, Maeys, azimuth 3320 28'.
To top gal)le of elevator, azinLutha 3310 48'.
To gable of house, azimuth 3530 55'.
'Jo gable of house, azimuith 3340 16'.
TWo-inch iron piJ)e, about 1 foot above surface of ground in Illinois bottom land;

]l miles above Mlaevs railroad station; 3.5 meters east of center of track of St. Iouis,
Iron Mlounitain an(d Southern Railway (Illinois division); 31 meters above upper
end of trestle No. 35; 22' meters belowv telegraph pole 26/16; 6.5 meters west of tele-
graph pole 26/20; and 65 meters below whistle post.

E9 No. 3 (Fteld).

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 14' 13".78; meters +425, -1,425.
Liongitude 90' 22' 09".66; meters +235, -1,224.
Elevation: 384.23.
ToD44/3, azimuth 1320 09', distance 184 meters.
Top of large ring bolt, in northern end of Platin Rock, about 11 miles above Crystal

City, Mo.; on point farthest out in river; 205 meters from northeast corner of large
icehouse, 400 meters above Hugs Landing, Mo.

A PLATIN '02

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 380 14' 09".95; meters +307, -1,543.
Longitude 900 22' 11".91; meters +290, -1,169.
Elevation: 405.02.
To&Salt Bluff, azimuth 2160 08' 03", distance 10,146.2 meters.
Iron pipe, back of Platin Rock, about It miles above Crystal City Mo.; on high

right batk; 2 feet from edge; 6.8 feet outside of outside rail of railroad incline of the
Pittsburg Plate Glass Company. To point of frog of incline, northwest, 74 feet; to
point of frog of spur, southwest, 33.9 feet; to tot of switch stand spur, 51 feet; to top of
sycamore stump, east, 9 feet. Pipe reset from the above references, December 9, 1904.

e 16 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 4.)
Latitude 380 12' 49".61; meters +1,530,-320.
Longitude 900 16' 27".75; meters +675, -785.
Elevation: 413.09.
To top gable of elevator, azimuth 1520 42I'
To gable of Maeys depot, azimuth 151° 32'.
To gable of house, azimuth 23° 40'.
To gable of house, azimuth ]590 53'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

1,000 meters below Maeys railroad station; 3.5 meters east of center of track of St. Louis,
Iron Mlountain and Southern Railway (Illinois Division); 36 meters below telegraph
pole 28/15; 3 meters above private road crowing. (Not correctly plotted on chart.)

A CRYSTAL.

United States engineer office, St. Louis, Mo., 1888; redetermined, 1902. (Chart
No. 4.)
Latitude 380 12' 42".23; meters +1,302, -548.
Longitude 9Q0 21' 26".15; meters +636, -824.
TopSalt Bluff, azimuth 2040 04' 58", distance 11,937.7 meters.
To'' Platin '02, azimuth 1570 38' 10" distance 2,924.9 meters.
To&Quarry, azimuth 1630 32' 49", distance 4,179.8 meters.
To& B3ushberg '88, azimuth 1710 25' 34", distance 10,758.8 meters.
To 44/3, azimuth 157° 57 26", distance 3,175.2 meters.
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Iron pipe, 30 feet from eastern edrge of "Bsuck Knob," first blilff in Missouri below
Platin Creek. Station is on e(lge of field or peach orchard; 65 feet from southeast
corner of same; 58 feet northwest from npike in blazed cedar tree; 24.2 feet northeast,
an(i 28.3 feet southeast from peach trees. Pipe was Bet in 1903, replacing cedar post
set in 1888.

El431
Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 12' 38".40(; meters + 1,184, -660.-
Longitude 900 19' 03",90; meters +95,-I,305.
Elevation: Stone 393 12 (approximate); pipe, 398.22.
ToN43/2, azimuth 510 20', distance 958 meters.
Flat stone and iron pipe, back of .Jarmies landing, Ill.; 40 meters north of east-and-

we8t road; in pecan grove, on land of Edward Schoening; blazed pecan tree 18 inches
in diameter, 1 meter north of pipe. Cap of pipe rusted on, could not be removed;
difference between stone and cap assumed to be 5.1 feet-the average of the differences
for other similar stations.

43
-~

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 12' 18".84; meters +582, -1,268.
Longitude 90° 19' 34".64; meters +843, -617.
Elevation: 404.91.
ToE143/1, azimuth 2310 20', distance 958 meters
Stone post, on top of levee; directly back of James Landing, Ill.; 230 meters from

left bank; on land of Edward Schoening; 300 meters above schoolhouse, just inside
of levee.. (Not found in 1908.)

A SIMPSON 46

United States engineer office, St. Louis, Mo., 1874; redetermined, 1902. (Chart
No. 4.)
Latitude 380 11' 50".95; meters +1,571, -279.
Longitude 90° 20' 40".41; meters +983, --477.
To® Salt 1B1luff, azimuth 1960 46' 04", distance 13,033.2 meters.
ToAXrystal, azimnuth 1440 51'53", distance 1,933.5 meters.
ToASimpson 35, azimuth 1610 35' 16", distancee 8,162.4 meters.
ToABushberg '88, azimuth 1670 28' 22", distance 12,518 meters.
Hole in rock, with "45" cut on river side, on downstream slope and about one-

quarter way down from the top of first bluff above IKennetts Castle, at Selma, Mo.
Station is best reached from the Castle by following path near edge of the bluffs.

43
3

Missimnppi River Commission, 1889. (Chart No. 4.)
Latitude 380 11' 42"'.32; meters +1,305, -545.
Longitude 90° 20' 32".17; meters +783, -677.
Elevation: 410.49.
Stone post, 300 feet above northeast corner of Kennetts Castle at Selma, Mo.; 19

feet west of triangle formed with boat spikes in tie and in center of railroad track;
10t feet north of the fifth telegraph pole above Selma station; two blazed cottonwood
trees east of track, 69 feet northeast and 81 feet southeast.

E No. 2 (Field).

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 11' 34".70; meters +1,070, -780.
Longitude 90° 20' 27".31; meters + 665, -795.
Elevation: 418.97.
Cross cut on the upstream end of the bottom step of the stone steps ascending the

bluff from Selma, Mo., railroad station to Kennetts Castle. Azimuth to northeast
corner of Kennetts Castle, 1430 15', distance 135 meters.
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G 17 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 4.)
Latitude 380 11 34".34; meters +1,059, -791.
Longitude 900 15' 11".34; meters +276, -1,184.
Elevation: 400.43.
To middle of chimney on house, azimuth 520 66'
To gable of house, azimuth 810 O.
To gable of barn, azimuth 2390 20'.
To south dormer window, azimuth 2400 46'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

2t miles below Macys railroad station; 6 meters north of road crossing; 48 meters east
of stone-arch wagon bridge; 3 meters east of center of track of St. Louis, Iron
Mountain and Southern Railway (Illinois Division); and 105 meters below telegraph
pole 30/10. (Not correctly plotted on chart.)

A SIMPSON 47.

United States engineer office, St. Louis, Mo., 1874; redetermined, 1902. (Chart
No. 4.)

Latitude 38° 11 07".37; meters +227, -1,623.
Longitude 900 20' 01 .09; meters +27, -1,434.
To®Sallt Bluff, azimuth 1910 28' 12", distance 14,103.9 meters.
To& lkiushberg '88, azimuth 1640 61' 27", distance 14,051.8 meters.
To&Ellis '02, azimuth 274° 47' 01", distance 2,915.8 meters.
Hole drilled in rock, with figures "47 " cut adjacent; on high point jutting out at

lower end of first bluff below Kennetts Castle; 1,050 meters below railroad station at
Selma, Mo.; and 400 meters above railroad trestle at Cliffdale Hollow.

A ELLIS '02.

United States engineer office, St. Louis, Mo., 1902. (Chart No. 4.)
Latitude 38° 10 59".47; meters +1,834, -16.
Longitude 900 18' 01".70; meters +41, -1,419.
Elevation: 403.19.
To®Caesars, azimuth 100 06' 38", distance 2,495.9 meters.
To&Simpson 47, azimuth 940 48' 14", distance 2,915.8 meters.
ToASimpson 51, azimuth 300 54/ 15", distance 1,999.2 meters.
Iron pipe, on levee in Illinois; 10 feet west of levee crest; opposite head of Michaels

Osborne) towhead; 335 feet south of tree in front yard of John Ellis' house; and 315
feet north of hackberry tree on west slope of levee.

E 12
Mississippi River Commisinon, 1889. (Chart No. 4.)
Latitude 380 10' 61".63; meters +1,692, -258.
Longitude 900 16' 54".72; meters +1,332, -128.
Elevation: Stone 387.78; pipe, 392.86.
ToW42/2, azimuth 430 15', distance 755 meters.
Flat stone and iron pipe, directly back from Lowrys Landing, Ill.; at edge of timber;

main ditch 150 meters back of pipe; a blazed oak tree, 1 foot in diameter, 1 meter
north of pipe. (Not found in 1908.)

42

Missisippi River Commission, 1889. (Chart No. 4.)
Latitude 380 10' 33".72; meters +1,040, -810.
Longitude 900 17' 15".82; meters +385, -1,076.
Elevation: 402.67.
TocB42/1, azimuth 2230 16', distance 755 meters.
Stone post, on east side of top of levee in Illinois; directly back fand 300 meters from

Lowrys Landing on left bank; 60 meters above Frank Wine's house; 260 meters
below Peter Lowry's house; 680 meters above a schoolhouse, within levee and on
Thompson's place; opposite two oak trees 6 inches and 12 inebes in diameter. (Not
found in 1908.)
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0 T. B. M. 150.

Mississippi River Commission, 1880. (Chart No. 4.)
Latitude 380 10' 14".98; meters +462, -1,388.
Longitude 9.0° 18' 55".74; meters +1,357, -104.
Elevation: '385.71.
Point on rock, 30 meters below small run; 160 meters below railroad trestle at

Michaels Hollow, Mo.; and 250 meters above old hurdle.

A SIMPSON 51.

United States engineer office, St. Louis, Mo., 1874; redetermined, 1902. (Chart
No. 4.)

Latitude 380 10' 03".84; meters +118, -1,732.
Longitude 900 18' 43".88; meters +1,068, -393.
ToAEllis '02, azimuth 2100 53' 49", distance 1,999.2 meters.
Hole drilled in rock, on second bluff south of AMichaels Landing, Mo.; 1 foot back

from the figures "51" also cut in the rock, and in the direction indicated by the figure
"1." To reach the station go over first bluff below Michaels Landing, up the second
and two-thirds way down, station being on the first ledge above the succeeding
depression.

E3

Mississippi River Commission, 1889. (Chart No. 4.)
Latitude 380 09' 42".06; meters +1,297, -653.
Longitude 900 18 16".34; meters +398, -1,063.
Elevation: 415.97.
Stone post, on right bank; on side of hill; in front of, under Caesars, and 105

meters from it; almost in line with old hurdle; about 60 meters above Robbers Rock;
just outside of railroad and 45 meters from shore.

® CAESAR8.

Mississippi River Commission, 1880-81. (Chart No. 4.)
Latitude 380 09' 39".78; meters +1,227, -623.
Longitude 90° 18' 19".70; meters +480, -981.
Elevation: 729.80.
To® Kidd, azimuth 2600 25' 22".94, distance 7,937.86 meters.
Too Brickey, azimuth 3150 34' 49".31, distance 11,518.81 meters.
To®Herculaneum, azimuth 1500 53' 27".55, distance 11,887.10 meters.
To&Simpson 61, azimuth 1410 33' 39", distance 9469 meters.
ToASimpson 63, azimuth 3210 00' 54", distance 473.6 meters.
ToASimpson 59, azimuth 3190 07' 12"' distance 8,025.0 meters.
ToAEllis '02,"azimuith 41900 06' 27"/ distance 2,495.9 meters.
Stone post, with corners chipped ofA; 10 feet west from face of cliff on third prom-

inent bluff below MichaelsHool ow, Mo.; and opposite foot of third stone dike below
Michaels Hlollow.

A SIMPSON 53.

United States engineer office, St. Louis, Mo., 1881; redetermined 1902. (Chart
No. 4.)

Latitude 380 09 27".84; meters +858, -992.
Longitude 900 18' 07".46; meters +182, -1,279.
To@oCaesars azimuth 1410 01' 01", distance 473.6 meters.
Hole in rock on Missouri bluffs;- at extreme top of first bluff downstream from

bluff on which is@Caeears. ,

® KIDD.

Mississippi River Commission, 188081. (Chart No. 5.)
Latitude 38° 10' 22"'.49; meters +693, -1157.
Longitude 900 12' 58".13;: meters +1,415, -46.
To® Brickey, azimuth 3580 38' 45".38 distance 9,550.64 meters.
To®Caesars, azimuth 800 28' 41".65, distance 7,937.86 meters.
ToOCounty Line, azimuth 3090 36' 06".32, distance 10,418.12 mneters.-
ToAEllis '02, azimuth 980 47' 56", distance 7,476.1 meters.
ToASimpeon 59, azimuth 190 16' 15", distance 7,824.1 meters.
ToASimpeon 67, azimuth 440 06' 41", distance 6,845.7.meters.
ToASimpson 66, azimuth 69° 06' 31", distance 7,205.7 meters.
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Center of stone post on bluff in Illinois; 4 meters from edge of cliff; seven-eighths
of a mile northwest of Jacob Fultz's house; one-quarter mile south of Jacob Frich's
house and on his land. To reach station from foot of bluffs follow left-hand road,
leading up the bluffs from Jacob Fultz's house, for about three-quartQrs of a mile,
then take road to Jacob Frich's house and go south up bluff to edge of cliff.

D 18 W.

Board one Examination and Survey of Mississippi River, 1908. (Chart No. 5.)
Latitude 380 10' 20".69; meters +638, -1,212.
Longitude 900 13' 30".10; meters +733, -728.
Elevation: 399.54.
Tow Kidd, azimuth 2660 01'.
To Brownsburg church spire, azimuth 3080 03'.
To top gable of elevator, azinmuth 312° 13'.
To gable of red barn, azimuth 960 40'.
To gable of house, azimuth 950 27'.
To gable of schoolhouse, azimuth 3530 14'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land,

3 meters east of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Division); and about 1 mile above Brownsburg station (Fults, poet-ollice);
55 meters above telegraph pole 32/15; 200 meters below pole 32/10; 120 meters below
lower end of trestle No. 42A; and 191 meters below sign "Brownsburg one mile."

@ 19 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 5.)
Latitude 380 09' 23".24; meters +717, -1,133.
Longitude 900 12' 11".61; meters +283, -1,178.
Elevation: 401.04.
To top gable of elevator, azimuth 1330 45'.
To gable of barn, azimuth 1210 07'.
To gable of house, azimuth 1350 59.
To gable of house, azimuth 180 22'.
Two-inch iron pipe, about 1 foot above surface of ground, in Illinois bottom land;

4 meters west of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Division); one-half mile below Brownsburg station (Fults, post-office); 81
meters above telegraph pole 34/5 and 121 meters below switchstand.

Ed41

Mississippi River Commission, 1889.. (Chart No. 5.)
Latitude 38° 09' 04".22; meters +130, -1,720.
Longitude 900 14' 47".23; meters +1,150, -311.
Elevation: Stone, 395.30; pipe, 400.40.
To®Kidd, azimuth 2270 32'.
ToE41/2, azimuth 480 45', distance 800 meters.
Flat stone and iron pipe, one-half mile above Ivy Landing (village), Monroe County

Ill.; 250 meters east of flood gate in levee crossing large drainageditch; in cultivated
field owned by Wim. Winkleman and under a leaning 24-inch pecan tree. To house
beyond smaller (east and west) ditch, azimuth 109° 30', distance 270 meters; to
another house, azimuth 70 00', distance 380 meters. (Found in 1908; pipe bent
over.)

I& SIMPSON M6.

United States engineer office, St. Louis, Mo., 1881; redetermined, 1902. (Chart
No. 5.)
Latitude 38° 08' 59".06; meters 1-1,821, -29.
Longitude 900 17' 34".61; meters +843, -618.
To®Kidd, azimuth 2490 03' 40", distance 7,205.7 meters.
Iron pin, leaded into rock, in Missouri bluffs; 20 feet northwest of old location of

shot tower, on bluff north of Rush Tower, Mo.; and 275 meters above (northwest of)
railroad trestle over Muddy Creek.
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E
41

Mississippi River Coniinniision, 1889. ((:hart No. 5.)
Latitude 38° 08' 47".19; meters +1,455, -395.
Longitude 900 15' 11".79,Imeters +287, -1,174.
Elevation: 3941.04.
ToE]41/1, azimuth 2280 45', distance 800 meters.
Stone post, about three-fourths of a mile west from Ivy Lan(ding (village), 11.; 180

meters back from left bank; in cultivated field and about 240 meters north of shore end
of hurdle. Stone is covered a foot or more with Hand.

ED 20 w.

Board on 1Fxammnation antd Survey of Mississippi River, 1908. (Chart No. 5.)
Latitude 380 08, 23".53; meters +726, -1,124.
Iongi tude 900 10' 49".13; meters +1,197, -264.
Elevation: 398.38.
To to) gable of Renault elevator, azimuth 313° 04'.
To gable of barn, azimuth 3190 26'.
To gablc of house, azimuth 3450 53'.
To gable of house, azimuth 279 17'.
To top gable of Brownsburg elevator, azimuth 1320 51
Two-inch iron pipe, aboutit 1 foot above surface of ground in Illinois bottom land; 3

meters easto of track of St. Louis, Iron Mountain an(d Southern ltailway
(Illinois l)ivision); 11 miles above Renault, Ill.; 130 meters above telegraph l)ole
35/25; 292 meters above sign "Rteuraault one mile;" 150 meters above-upper end of
trestle No. 49, and 3 meters above road crossing.

[D41

Mississippi River Commission, 1889. (Chart No. 5.)
Latitude 380 07' 55".62; meters +1,715, -135.
Longitude 901 16' 23".93; meters +583, -878.
Elevation: 448.25.
Cross clut on natural rock wvall, ij miles below Rush Tower, Mo.; on point of Mis.q.soluri

b)lluf',s just back of IDanby landing; 800 meters from the river bank; 80 meters below
Bi llollow; and 19 meters southeast of point of rocks that projects toward the river.
Inverte(l figures " 3/41" are cut on the wall near the bench mark.

A SIMPSON 67.

United States engineer office, St. Louis, Mo., 1881; redetermined, 1902. (Chart
No. 5.)

Latitude 380 07' 43".03; meters +1,327,-523.
Longitude 900 16' 1:3.77; meters +335, -1,126.
To® Kidd, azirhuth 2240 04' 40"Y, distance 6,845.7 meters.
Hole drilled in rock on extreme top of fourth bluff below Rush Tower, Mo.

Mississippi River Commission, 1889. (Chart No. 5.)
Latitude 380 07' 03".50; meters +108, -1,742.
Longitude 900 15' 31".11; meters +758, -704.
Elevation: 400.37.
Stone post, near foot of Missouri bluffs; near west side of road; on land of Leo Lynch

and 115 meters north of his house; 1j miles below Danby Landing, Mo.; and 150 meter.
above point where Isle De Bois Creek leaves the bluffs.

A FISH BEND.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 380 06' 54".40; meters +1,677,-173.-
Longitude 90° 13' 29".36; meters +715 -747
ToASimpson 59, azimuth 610 578 46", distance 2,063.6 meters.
Iron pipe, set on the line Cassiedy (temporry)-Sim on 59, and 53.77 meters back

fromktaqsiedy; 548 meters above Fish Bend Slough; on Salt Lake Towhead, left
bank of river; and three-eighths mile above Penitentiary Point, 111.; 29 meters from
8-inch cottonwood stump. Three blazed 8-inch cottonwood trees are: 8 feet south;
28 feet northeast; and 38 feet northwest,
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* COUNTY LINE.

Mississippi River Commission, 1880-81. (Chart No. 5.)
Latitude 380 06' 42".21; meters +1,301, -549.
Longitude 900 07' 21".36; meters _L520, -942.
ToMAlagnolia, azimuth 140 32' 16".52, distance 7,634.70meters.
To®Brickeys, azimuth 700 58' 25".53, distance 8,442.63 meters.
To@Correll, azimuth 3420 52' 12".14, distance 12,136.64 meters.
To®Kidd, azimuth 129039/34/.32 distance 10,648.12 meters.
Center of stone post, on Illinois bluffs; about 3t miles southeast of Glasgow City,

and about 2 miles northwest of Prairie di Itocher, Ill. It is on the line between
Monroe and Randolph counties, and 1.6 meters back of a county line stone.

e 21 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 6.)
Latitude 380 06' 34".69; meters +1,070, -780.
Longitude 900 08' 19"-.64; meters +478, -983.
Elevation: 397.91.
To top gable of elevator, azimuth 1320 22'.
To finial of water tank, Prairie do Rocher, azimuth 3120 47-.
To gable of house, azimuth 3370 03'.
To gable of house, azimuth 660 191.
To middle of chimney of residence, azimuth 1330 29'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land,

3.5 meters east of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Division); 1i miles below Renault Ill.; 53 meters below telegraph pole
38/25; 75 meters above post on railroad marked "County Line;" and about seven-
eighths of a mile west of® County Line.

A SIMPSON 69.

United States engineer office, St. Louis, Mo., 1889; redetermined, 1903.
No. 5.)

Latitude 380 06' 22".94; meters +707, -1,143.
Longitude 900 14' 44".12; meters +1,075, -387.
To® Brickeys, azimuth 3070 34' 61", distance 3,544 meters.
ToC esars, azimuth 139° 09' 25", distance 8,024.9 meters.
To® Kidd, azimuth 1990 15' 10", distance 7,824.1 meters.
ToASimpson 67, azimuth 3060 59' 40", distance 2,345 meters.
Hole drilled in rock, on Missouri bluffs; on downstream slope of

above Brickeys, Mo., or second bluff below Isle de Bois Creek.

A HARTIG.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 380 06' 22'".78; meters +702, -1,148.
Longitude 900 12' 53".65; meters +1,307, -155.
Elevation: 394.42.
To®5Ames, azimuth 28° 08' 49", distance 1,635.7 meters.
To®Simpson 69, azimuth 3560 I 42", distance 2,073.5 meters.
Iron pipe, in Illinois; 3 meters from top of revetted high bank; 700

Penitentiary Point, and 296 meter. above shore end of hurdle.

Elj

(Chart

seventh bluff

meters below

limissippi River Commission, 1889. (Chart No. 6.)
LAtitude 380 05' 45".89; meters +1,416, -435.
Longitude 900 12' 04".84; meters +118, -1,344.
Elevation: Stone, 394.91; pipe, 400.01.
Flat stone and iron pipe, on levee following old high bank in Illinois- opposites

Brickleys, Mo.; 230 meters back from top of river bank; near south fine of land
of Edward Ahern; and 550 meters below (southeast of) a sharp turn in the levee.
(Found in 1908; cap gone and pipe bent over.)
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A SIMPSON 67.

United States engineer office, St. Louis, Mo., 1874; redetermined, 1903. (Chart
No. 5.)

Latitude 380 05' 37".17; meters +1,146, -704.
Longitude 90' 13' 27".26; meters +664, -798.
ToASimpson 59, azimuth 1270 00 27", distance 2;345 meters.
Hole drilled in small rock, in group of three bowiders on Mlissouri shore and about 1

mile above Brickey Mill; 900 meters below railroad trestle at Morrison Hollow; and
130 meters below the next trestle south.

A AMES.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 05' 36"; meters +1,110, -740.
Longitude 900 13' 25".32; meters +617, -845..
ToAllartig, azimuth 208° 08' 29" distance 1,635.7 meters.
To'1o Simpson 69, azimuth 3040 43) 48", distance 1,100.5 meters.
ToASimpson 59, azimuth 1270 00' 46", distance 2,404.3 meters.
Iron pipe, on projecting point, outside of small railroad cut, 1 mile above Brickeys,

Mo.; 59 meters below (southeast of)A Simpson 67, and on the line Simpson 67-Simp-
son 59; 490 meters above second railroad trestle above Brickeys, Mo.; and 180 meters
below first railroad trestle below Morrison Hollow.

a) B. M. 40 HOLMAN.

United States engineer office, St. Louis, Mo., 1879; redetermined by Mississippi
River Commission, 1880 and 1889. (Chart No. 5.)
Latitude 380 05' 21".50; meters +663, -1,187.
Longitude 900 12' 58".87; meters +1,435, -27.
Elevation: 379.90. (Precise levels of 1880.)
To l B. M. 18=41 Holman, azimuth 306° 45', distance 752 meters.
Raised triangle with letter "B" cut on rock ledge, on Missouri shore; 770 meters

above (northwest of) upstream corner of Brickey Mill; and 100 meters above first
railroad trestle above Brickeys, Mo.

@22W.

Board on-Examination and Survey of Mississippi River, 1908. (Chart No. 5.)
Latitude 38° 05' 18".45; meters +569, -1,281.
Longitude 900 06' 34".57; meters +843, -620.
Elevation: 397.24.
To church spire, azimuth 3060 W.
To top Rble of elevator, azimuth 3120 23'.
To finial of water tank, azimuth 313° 54'.
To corner of brick building at top, azimuth 2920 17'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

10.8 meters east of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Division); one-half mile above the railroad station at Prairie du Rocher, Ill.;
107 meters below telegraph pole 41; 91 meters below switch stand; and 102 meters
northwest of highway bridge over drainage ditch.

A SIMPSON 89.

United States engineer office, St. Louis, Mo., 1874; redetermined, 1903. (Chart
No. 5.)
Latitude 388 05' 15".66; meters +483, -1,367.
Longitude 900 12' 48".20; meters +1,175, -287.
ToARombauer, azimuth 307° 17' 07", distance 669.9 meters.
ToAHartig, azimuth 1760 19 46", distance 2,073.5 meters.
One-inch hole in stone, 4 feet by 3j feet and surrounded by bowlders; on Missouri

shore; 460 meters above mill at Brickeys, Mo.; and 6 meters from upper end of first
bluff above Brickeys.
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370BRICKEY El337

Mississippi River Commission, 1880-81. (Chart No. 5.)
Latitude 38° 05' 12".82; meters +395, --1,455.
Longitude 900 12' 48".87; meters +1,191, -271.
Elevation: 601.14.
ToeColunty line, azimuth 2500 55' 03".44, distance 8,442.63 meters.
TooCaesars, azimuth 1350 38' 13".55, distance 11,518.81 miters.
To®Kidd, azimuth 1780 38' 51".10, distance 9,550.64 nmeters.
ToaManilolia, azimuth 3070 21' 45".18, distance 7,630.95 illeters.ToASi'ipson 59, azimutth 127° 36' 02", distance 3,5414l.0 meters.
Centerof stones post, on top of tissouri bluffs; 100 meters back from shore line; and

one-quiarter mnile albove(northwest of) Brickeys, MIo. Stone has l)eCII Slhattered and the
bench mark is a dressed knob.

E] B. M. 18 41 11OLMAN.

United States engineer office, St. Louis, Mo., 1872 and 1879; redetermined, Mis-
sissippi River Commission, 1880 and 1889. (Chart No. 5.)

Latitude 38° 05' 06".94; meters +214, -1,636.
Longitude 90° 12' 34".05; meters +830, -632.
Elevation: 384.55. (Precise levels, 1880.)
To El 13. M. 40 lHolman, azinuth 1260 45', distance 752 meters.
Raised square, with letters U. S. 13. M. above and the number 18 below, cut on

horizontal surface of natural rock; 20 meters above the ulp)strealf corner of mill at
Brickevs, Mo. This bench mark was established by Smith in 1872, elevation 385.74;
by Holman in 1879, elevation 384.25; and by Mississippi River Commission precise
levels in 1880.

A ROMBAUER.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 38° 05' 04".47; meters +-138, -1,712.
Longitude 900 12' 29".60; meters +721, -741.
ToASnell, azimuth 3070 14' 09", distance 961.5 meters.
ToASimpson 69, azimuth 1270 17' 19"; distance 569.9 meters.
Iron pipe, on edge of high bank at Brickeys, Mo.; in southeast corner of front yard

of large two-story frame house belonging to Judge R. E. Rombauer and east of " F'risco"
railroad.

A CARR.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6, station not
plotted.)

Latitude 38° 05' 04".01; meters +124, -1,726.
Longitude 900 11' 35".77; meters +872, -590.
ToASnell, azimuth 430 53' 32"/, distance 787.9 meters.
ToAllickory, azimuth 3520 11' 41" distance 1,087.9 meters.
Iron pipe, on bar in front of and about 150 meters from Carr's house at old Syca-

more Landing, Ill.; and opposite Snell Hollow in Missouri bluffs. (Not found in
1908.)

A PLUM NO. 2.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 380 04' 50".33; meters +1,552, -298.
Longitude 90° 10 40".58; meters +989, -473.
ToASimnpson 76, azimuth 3590 13' 26", distance 1,597 7 meters.
Iron pipe, on edge of revetted high bank, in front of Dickey Field, Ill.; and 1I

miles below Brickeys, Mo.; 335 meters above small shanty; and 15 meters east of
wild plum tree near edge of bank.

A SNELL.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 38° 04' 455".60; meters +1,406, -444.
Longitude 900 11' 58".19; meters +1,418, -44.
ToACarr, azimuth 2230 53' 18" distance 787.9 meters.
ToeA-Hickory, azimuth 3060 18' 28", distance 861.3 meters.
ToAllombatier, azimuth 1270 14' 28", distance 961.5 meters
Iron pipe, about 960 meters below railroad station at Brickoys, Mo.; In front of

middle of first bluff above Snell Hollow and near edge of high railroad embankment.
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El6 381

Mississippi River Commission, 1889. (Chart, No. 5.)
Latitude 380 04' 44".50; meters +1,372, -478.
Longitude 900 08' 42".99; meters -+1,048, -415.
Elevation: Stone 392.61; pipe, 397.71.
Tow938/2, azimuth 41° 36', distance 894 meters.
Flat stone and iron pipe, on top of old high bank in Illinois and back of Fort Chartres

Island; at edge of timber and cultivated field; 140 meters southwest of floodgate in
drainage ditch; 900 meters from river bank; and 1,050 meters north of Fort Chartres
Landing, Ill. To an oak tree, azimuth 101° 40' -6 meters; and to a house, 2150 21'
-90 meters.

A PAWPAW NO. 2.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 380 04' 37".54; meters +1 157, -692.
Longitude 900 09' 47".70; meters 41,163, -300.
ToASimpson 75, azimuth 460 28' 03", distance 1,747.7 meters.
Iron pipe on Fort Chartres Island, Ill., and about one-third of the distance from

Dickey Field down to Fort Chartres Landing, Ill.; 37.8 meters back fromAPawpaw
(temporary) on the line Pawpaw-Simpson 75; 10 meters from 11-inch pecan tree;
11.6 meters from 18-inch hackberry tree; and 8.3 meters from 16-inch pecan tree.

A HICKORY.

United States engineer office, St. Louis, Afo.,&1903. (Chart No. 5.)
Latitude 380 04' 29".05; meters +-896, -954.
Longitude 900 11' 29".71; meters +724, -739.
ToASimpson 76, azimuth 3070 41' 19", distance 1540.9 meters.
ToACarr, azimuth 1720 11' 44", distance 1,087.9 meters.
Iron pipe, on Missouri shore; on flat accretion at upper end of Fort (Chartres hurdles;

30.5 meters upstream from third large ravine below Brickeys, Mo.; 39.6 meters in
front (east of) 'Frisco" railroad track; and on line with ASnell and the western side
of old mill at Brickeys.

Missisippi River Commission, 1889. (Chart No. 5.)
Latitude 380 04' 22".80; meters +703, -1,147.
Longitude- 900 09' 07".26; meters + 177, -1,286.
Elevation: 391.90.
Tol38fl, azimuth 2210 30' distance 894 meters.
Stone post, 35 meters back from river bank; 875 meters upstream from Fort Chartres

Landing, Ill.; in the timber and near foot of 18-inch boxelder tree. (Not found in
1908.)

A SIMPSON 75.

United States engineer office, St. Louis, Mo., 1879; redetermined, 1892 and 1903.
(Cart No. 5.)
Latitude 380 03' 58".48; meters +1,803, -47 (1892).
Longitude 900 10' 39").67; meters +967, -496 (1892).
Latitude 380 03' 58".50; meters +1,804, -46 (1903).
Longitude 900 10' 39'.69,: meters +968, -495 (1903).
To®Magnolia, azimuth 3080 46' 05", distance 3,738.3 meters (1892).
To4 Simpson 77, azimuth 3070 53' 22", distance 3,971.7 meters (1892).
To® Magnolia, azimuth 3080 45' 57", distance 3,739 meters (1903).
ToAPlum No. 2, azimuth 179° 13' 27", distance 1,597.7 meters (1903).
ToPawpaw No. 2, azimuth 226° 28' 03", distance 1,747.7 meters (1903).
ToAHickory, azimuth 1270 41' 50", distance 1,540.9 meters (1903).
Hole in rock, Missouri; on second bluff above Establishment Creek; 230 feet below

old shot tower, below Salt Point, and opposite head of Establishment (or Bruce)
Island; and on line with hurdle No. 0 of Fort Chartres system. To reach station
follow road that goes up bluff in first ravine above Establishment Creek until the
shoulder of bluff w reached, then turn east and get on line with hurdle No. 0.
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A CROSS.

United States engineer office, St. Louis, Mo., 1892. (Chart No. 5, station not
plotted.)

Latitude 380 03' 32".80; meters ±1,011, -839.
Longitude 90° 10' 03".26; meters +79, 1,384.
To@Magnolia, azimuth 3070 23' 26", distance 2,551. meters.
Hole in rock, in Missouri; halfway up first bluff above Establishment Creek; on

line of old Fort Chartres Dam or hurdle No. 2 present series; and very nearQP. B. M.
29 -1:38/3.

A BRUCE.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 5.)
Latitude 380 03' 2'4".39; meters +752, -1,098.
Longitude 90° 08 55".67; meters +1,357, -106.
ToCambria, azimuth 3230 28' 33", distance 2,308.9 meters.
Iron pipe, near lower end of Establishment (or Bruce) Island; on Missouri side of

river and nearly opposite Fort Chartrea Landing, Ill.; about 500 feet below point of
timber, on old foot of island, and lower end of revetment now covered, on sand ridge
on east side of island; and in thicket of small willows.

0) P. B3. M. 29
3

Mississippi River Commission, 1880 and 1889. (Chart No. 5.)
Latitude 380 03' 32".92; meters +1,,015, -835.
Longitude 90° 10' 03".40; meters +83, -1,380.
Elevation: 416.79.
Copper bolt, leaded horizontally into point of limestone bluff in Missouri; about 1

foot above surface of ground; 50 meters north of farmhouse; 440 meters above (north-
east of) railroad bridge across Establishment Creek; and directly opposite main shore
end of hurdle No. 2 of the Fort Chartrcs system.

D 23 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 6.)
Latitude 383 04' 14".06; meters +434, -1,416.
Longitude 900 05' 07".13; meters +174, -1,289.
Elevation: 398.71.
To finial of water tank, azimuth 1320 34'.
To top gable of elevator, azimuth 133° 12'.
To.church spire, azimuth 1420 46'.
To school cupola, azimuth 1400 20'.
To gable of barn, azimuth 2690 11'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

3.34 meters west of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Division); about 1* miles below Prairie du 1Rocher depot; 293-meters below
sign " Prairie du Rocher one mile"; 300 meters below telegraph pole 42/20; 34 meters
below telegraph pole 42/25; and 126 meters above road crossing.

@ BREWERVILLE.

Mississippi River Commission, 1880-81. (Chart No. 6.)
Latitude 380 03' 35".35; meters +1,090, -760.
Longitude 900 03' 23".89; meters +583, -880,
To®Correll, azimuth 200 48' 30",50, distance 6,244.91 meters.
TogMagnolia, azimuth 780 06' l0".47, distance '7,880.26 meters.
ToAZiegler, azimuth 3460 04' 30", distance 12,055.4 meters.
ToASte. Genevieve, azimuth 3540 41' 10", distance 8 988.5 meters.
Center of stone post, with top broken off, on Illinois bluffs I mile above (northwest

of) Modoc, Ill.; 21 miles below Prairie do Rocher, near edge of low cliff; on bare
soot in pasture owned by Francis Boniow.

$ 24 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 6.)
Latitude 38003' 27".l5; meters +-837, -1,013.
Longitude 90° 04' )02".65; meters +65, -1,398.
Elevation: 401.08.
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To top gable of elevator, azimuth 3120 21'.
To finial of water tank, azimuth 1320 39'.
To toop gable of elevator, azilmuth 1320 57/.
To gable of barn, azimuth 21.30 54/.
To gable of house, azimuth 273° 12'.
Two-inch iron piPe, about ]. foot above surface of ground in Illinois bottom land;

3 meters ivest of center of track of St. Louis, Iron. Mountaixi and Southern Railway
(Illinois D)ivision); 1,k miles above Modoc, Ill., railroad station; 44 meters below
telegraph I)ole 42/5; 1,000 meters westwvardly from@ Brewerville.

@ MAGNOLIA.

Mississippi'River Commission, 1880-81. (Chart No. 6.)
Latitude 380 02' 42".54; meters +1,312, -538.
Longitude 900 08' 410".13; meters +979, -484.
Elevation: 664.60.
ToOCollnlty Line, azimuth 1940 33' 27".94, distancee 7,634.70 meters.
TooCorrell, azimuth 3070 26' 09".04, distancee 6,922.23 meters.
To©Brewerville, azimuth 2580 02' 55".55, distance 7,880.26 meters.Tor Brickey, azimuth 127° 24' 18".5'I, distancee 7,630.95 meters.
ToASilnpson 75, azimuth 1280 47' 11", distancee 3,739 meters (1903).
ToASimpson 75, azimuth 1280 47' 19", distance 3,738.3 meters (1892).
ToACross, azimuth 1270 24' 18", distancee 2,551 meters.
'PoE37/1, azimuth 2570 15'.
Toto37/2, azimuth 269' 35'.
Center of stone post, with tol) broken off, oln highest point of high hill, 120 meters

above trestle a t, (nanibria fIolIow, MIo.; 1,500 meters below railroad briclge across
Establishment Creek; and 100 meters back from railroad.

A SILMPSON';7.

United States engineer office, St. Louis, AMo., 1874; redetermined, 1892 and 1903.
(Chart No. 6.)

Latitude 380 02' 39".35; mueters +1,213, -637 (1892).
Longitude 90° 08' 31"1.12; meters -1759, --704 (1892).
Latitude 380 02' 39".36; meters +1,214, -636 (1903).
Longitude 900 08' 31".12; meters -+759, -704 (1903).
To ASimpson 75, azimuith 1270 54/' 41", Clistance 3,971.7 meters (1892).
To ASimpson 75, azimutlth1 1270 54' 29", distance 3,972.2 meters (1903).
Hole in roCk, On Missouri bluffs; Close to edge of l)rominllnlit ledge ol lower side of

first b)lllff below Establishment Creek; 245 meters 1)0o0w (southeast of) ® Magnolia;
65 meters back from railroad; and -1,000 meters above Cambria Hollow.I

A CANI3RIA.

United States engineer office, St. Louis, Mio., 1903. (Chart No. 6.)
Latitude 380 02' 24".21; meters +746, -1,104.
Longitude 900 07' 59",32; meters +1,1447, -16.
Elevation: 381.91.
To ATurkey azimuth 2700 20' 42", distance 1,618.7 nmoters.
To AGlendafe, azimuth 311° 40' 11", distance 752.3 meters.
One-inch hole, 2 inches (leep, in center of triangle cut on large bovldler, in Missouri;

713 meters above (northwest of) railroad bridge at Cambria Hollow; 22 meters from face
of bluff; and 8.5 meters from foot of railroa(l embankment.

A TURKEY.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 02' 23".89; meters +737, -1,113.
Longitude 900 06' 52".94; meters + 1,2911 -172.
To0 Whitesand, azimuthi 180 38' 14", distance 1,097.1 meters.
To AGlendale, azimuth 650 07' 05", distance 1,165 meters.
To AElms, azimuth 3230 4O' 26/", distance 1,147.7 meters.
Iron pipe, in Illinois; onl head of Turkey Islanid; oln south bank of (lepressioii or old

slough; opposite Magnolia Hollow, Mlo.; 3 meters from 20-inch cottonwood tree; and 7
noeters from 12-inch cottonwvood.

HI. Dcoc. 50, 61-1---28 *
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C) P'. n. IM. 30.

Mississippi River Commission, 1880. (Chart No. 6.)
Latitude 380 02' 0(8".27; Meters +255, -1,595.
Loiigitudi-900 07'l 35".97; meters -4-877, -586.
Elevation: 395.95.
Center of cop)ler holt, lea(le(d horizontally in natural rock in Missouri bluff; 1,300

meters above White Sand D)epot; anldl about 250 meters above lower end of l)luff.
The letters " U. S. P. 1B. Al." are cut near the bolt. (Not found, 1908.)

A GL1,EN'DALE.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 02' 07".99; meters ±246, -1,604.
Longitude 900 07' 316".27; meters +884, -579.
To AElms, azimuth 28410 02' 19", (listanco 1,790.3 meters.
To ASiln V)on 83, ftZillUth 3080 24' 38", distancee 2,042.1 meters, .
To ,ACam mria, azimuth 1310 4O' 25", distance 752.3 Imeters.
To ATrurkey, azimuth 2450 06' 39", distancee 1 .165 meters.
Hole in ro k, on Missouri bluffs, first bluff above Mainiolia Hollow; on highest

stril)l)e(l ledge; 25 feet out from top of bluff and I mcter from edge of cliff.

(D 25 W.

Board on Examination and Survey of 'Mississippi River, 1908. (Chart No. 6.)
Latitude 380 02' 04".64; meters + 143, -1,707.
Longitude 900 02i' 00". 16; meters +4, -1 ,459.
Elevation: 390.56.
To gable of house, azimuth 2170 00'.
To middle of chimney, azimuth 2170 01'.
To middle of signl "1R. li. Crossing," azimutlth :3020 27'.
Two-ilnch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

10.26 meters west of center of track of St. louis, Iron Moutnian an(l Southtrn Rail-
wvay (Illinois D)ivision); about three-quarters of a mile l)elow Modoe, Ill.; 120 mieters
above telegraph pole '46/20; and 150 meters below telegraph p)ole 16/15.

36F7-) -1

Mississippi River Commission, 1889. (Chart No. 6.)
Latitude 380 01' 55".29; meters -+1,705, -1 15.
Lonig-itude 900 04' 05".93; meters +145, -1,319.
Elevsation: Stonie, 384.90; pipe, 390.01.
Tool 36/2, azimuth 240 45l, dlstanc(e 628 nieters.
Flat stone and iron pipe, in Illinois, I miles back from the foot of Turkey Islanid;

in cultivated field; southwest of o0l slough or lake nid 1.3() meters therfromn; an(l 200
meters southwest of Frank Schifferdecker's house, on opl)osite si(le of lake. (P~ound
1908; pipe slightly bent over.)

A ELMS.

United States engineer office, St., Louis, Mo., 1903. (Chart. No, 6.)
Latitude 380 01' 53".89; meters 4-1,662, -188.
Loizittude 90° 06' 25".06- meters +612,- 852.
'T'oA White Sandl, azimlltih 830 38' 28", distance 1,036.9 meters.
ToASimpson 83, azimuth 90 18' 51", distance 845.6 meters.
To A±Simnms, azimuth 3040 14' 43", distunco 1,307.8 meters.
ToATurkey, azimuth 1430 '0' 43", distance 1,147.7 meters.
'roAG lendlic, azimuth 1040 03' 02", (distali(ce 1,790.3' meters.
lroni pipe, at Turkey Islan(l Landing, in Illinois: 120 meters northwest from house ;

18.5 meters below 36-inch elm tree; 19 mneters below 24-inch sycamore tree; 241.5.
meters from river bank; and 98 feet wvest of northwest corner of cornerib.
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E (J. S. 13. AM. 20 -4171HOLMAN.

United States engineer office, St. Louis, Mo., 1872 andl 1879; Mississi)l)i River
Commission, 1889. (Chart No. 6.)

Latitutdle 380 01' 53".77; meterS +1,658, -192.
Longittude 900 07' 12".71; meters +310, -1,154.
ElevItfion: 372.00. (Adjusted to precise levels, 1880.)
To(P. 1B. Al. 30, azimiullth 128° 25', distance 719 meters.
Raised square, with letters anld number "'U. S. 1B. M. 20" cut on soli(l flat rock oln

AMissouri shore; 600 meters above White Sand D)epot.; 175 meters aloveA\Whitesan(l;
anld 3'10 meters below railroad trestle at Alagnolia 11ollow;, about, 5 feet from o(lfe01
rock and 62 meters below lower eld of another JTedz. This blench mark was estab-
lished by Sinith in 1872; elevations: 371.67 by lol0man in 1879; and 372, in(lirectly
ly Mwississippi River Comm ission precise levels to Nos. 46( and -18, HIolman, in 1.8St).
Location determined by Missi.Sisippi River Colmlissionl in 1889.

37

AMisisssippi River Commission, 1889. (Chart. No. 6.)
1latitu(le 380 01' 51".89: meters + 1,600, --250.
Lomxithide 900 07' 11".68; meters +285, -1,179.
Elevation: 431.30.
Round knob, cut on horizontal surface of natural rock, -5550 meters above W'hite

Sand Depot, Mo.; just above the first rock bluff ( Bald Rock) upstream from) the ladl-
ing,; audl 40 meters from shore. "U. S. 13. AM. 37/3 " is cut on the vertical face of the
rock near the knob.

Al WIIITEANDI).

United States engineer office, St. Louis, Mo., 190:3. (Chart No. 6.)
Latitude :38 01' 50".17; meters 4-1,547, -303.
Longitude 900 07' 07".31; meters + 178, -1,285.
Elevation: 392.65.
ToA Elmims, azinmiuth 263° 38' 02", distance 1,036 .9 meters.
To 'Turkey, azimiuith 19,80 38' 05", distancee 1,097.1 meters.
Rbole in ceiiter of triangle, cut. in at hlrge bolder in front of mid(dle of first, bluff

above W'hite Sand D)epot, Alo.; about, 50 feet. from center of railroad track and :3 feet;
lower in elevation; andl ol)l)osite dcrevi'ce in face of bluff.

2

MWissigsippi River Commitssion, 1889. (Chart, No. 6.)
Latitudeo380 01' 363".97; meters + 1 ,140, -710.
Longitulde 90° 04' 16".68; meters +407, -1,057 .
Elevation: 393.16..
To0E36/1, azimuiith 204° 45', distance 628 meters.
To1lj36/3, zimnuth 24 451', distance 1,925 meters.
Stone post, ill Illinois; nearly op)posit e Rubicon I lHollow inl Missouri bluffs; (030

meters back froin high bank of river; in a cultivate(l fiekl; awid oln south lbaik of dry
slough. (Found in 1908; disturbe(l.)

A SIS.

United States engineer office, St. Louits, Alo., 1903. (Chart No. 6.)
Latitude 380 01' 299".72; meters +916, -934.
Longitude 90' 05' 41".00; meters 4-1,000, --'164.
ToAi 13. M. 4'9 Holman, azinmulth 3530 16'-02", distance 979.1 meters.
ToASimpson 85, azimiuith 550 56' 51", dititance 791.5 ineters.
'ToAEl1ms, azimuth 124° 45' 10", (listance 1,307.8 meters.
ToeASimipson 83, aziimuth 85° 48' 13", distancee 1,214.8 meters.
Ironl pipe, on lower en(l of prominent ridgeid l w s onl1 llinois shore; on1 west si(de

of Turkey Island and about three-fourths of a mile U)streami fromll a l)oilt, olpl)osite
Sims (Grays) Cave in Missouri bluffs; 200 feet belowv edge of c(ultivate(l field; 5 feet,
veost of 10-inch elim tree; 12.5 feet northeast of 12-i ncli eini; an(l 25.5 feet east, of 12-

inch ell1. Treea aire blazed with triangles facing pipe. (Not found ill 1908.)
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A SIMPSON 83.

Ullit(d(l States engineer office, St. Louis, Mo., 1874; redeterInined, 1903. (Chart
No0. (6)

LIatitl(1d 380 01' 26(".83; meters +827, -1,023.
Longitude9(01 06' 30".67; meters +748, -716.
Elevation: 376,.29.
'T'oA Elim, azimutlth 1890 18' 48", distance 845.6 motors.
'Po ASinllluns, azinluth 265° '17' '43", distance 1,214.8X meters.
ToASinipgson. 85, azimuth 302° 30' 183/, distance 659.1 meter.s.
TozA(Glendale, azimituth 1280 25' 18", distance 2,042.1 meters.
TwNo-in(ch hole ill center of triangle, cut in lower e(lgo of rock ledge in Missouri; ain(1

25(0 feet below uipier edge of first bluif below Frenchman Creek; 100 feet from foot of
railroa(l eml)ankmlellt; 130 feet from center of track; and 200 feet from 14-inch blazed
oak near to) of bluff.

A SIMPSON 85.

United States engineer office, St. Louis, Alo., 1874; re(letermille(1, 1903. (Chart
No. 6. )

Latitud(1e 380 01' 15".34; meters +473, -1,377.
Ilongitul(e 900 06' 07".89; meters -193, -1,271.
Elevation: 378.20.
'ToASnimpson 83, aznilmuth 122' 31' 02", distance 659.1 meters.
lIA lIolman, azimu11th 2990 10' 01", (distance 2,183.5 meters.
ToSfinnis, azimuth 2350 56' 35", distance 791.5 meters.
Two-inch hole, 4 inches dee p, ill Center of triangle, cut oln triangular bolder 8 by 5

by 5 feet, andi abreast of mniddl e of first bluff belowv Frenchman Creek, in Alissoutri; 20
feet from foot of railroad embankment and 77 feet from center of track; opposite
secon(1 telegraph )ole above polo 60/20; andl 27 feet above (northwest of) three prollm-
inent boulders. rho 1num1ber ''85" is cut in bowlder Iiear hole.

E 26 W.

Board onl Examination andn Survey of Mississippi River, 1908. (Chart No. 6.)
Latitude 383 01' 00".'40; meters +12, -1,838.
Longitude 890 59' 541".18; meters +1,322, -142.
Elevation: 387.89.
To gable of depot at Roots, azimuth 3030 13'.
To gable of barn, azimuth 6,9i 36'.
To gable of barn, azimuth 70° 34'.
Two-inch iron pipe, about 1 foot above surface of ground in Illinois bottom lan(l; I

miles abo'e Roots station (" Iron Mountain"); 395 meters above junction of Illinois
Southern Railway and St. Louiti, Iron Mountain and Southerni Railway (Illinois
Division); and 2.76 meters east of center of track of latter road; 166 meters above
telegraph pole 49; 165 meters above sign " Roots one mile;" 52 meters below telegraph
pole 48/25; and 2 meters below private road crossing.

A1B. M. 49 (HIOLMAN).

United States engineer offlee, St. Louis, AMo. (levels of 1879), 1908. (Chart No. 6.)
Latitude 380 00' 58".18; meters +1,794, --56.
Longitude 900 05' 36".29; meters +885, -579.
Election: 380.41. (Adjusted to precise levels, 1880.)
ToASimms, azimuth 1730 16' 05" distance 979.1 meters,
Raised knob in triangle, cut on bench ledge of rock on fissouri shore; opposite

highest point of 1)luff below Lower Frenchman Hollow; 500 feet below railroad bridge
at same hollow; 61. feet out. from center of track and 19 feet from foot of railroad eom-
bankment; anld 37.3 feet from lower northeast corner of bowlder 4 by 3 by 3.5 feet.
'The letters " 13. M." are cut in the perpendiculasr face of rock, slightly inshore from
and below the triangle. Triangulation station Simpson 87, exposed at 18-foot stage,
St. Louis gauge, is 12 feet upstream from this station, and 14.5 feet from center of let-
tering "'B. Al.'
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A IIOLMAN.

United States engineer office, St. Louis, MTo., 1]903:. (Chart No. 6.)
Latitude 38X ())'M'0".82; inetors +1,259, -591.
LongituLde 900 04' 19".73; meters + 1,213, -251.
'1'oARichards, azimuth 2860 00' 37", distance 819.7 meters,
TooASimpson 85, azimuth l19° 10' 49" distance 2,183.5 meters.
Hole in center of triangle, cut in bowldfer on Missouri shore; 335 feet below [H T. A.

50 Hlolman, a raised knob in a triangle, elevation 377.06, opposite first telegraph pole
south of l)ole 61/25; 780 feet below railroa(l bridge at Rubicon Hollow aldl al)reast. of
large perojeeting bowider on top of bluff; 40.6 feet from center of railroad track and
5 feet from foot of railroa(I embankment; opposite telegraph pole 62/28; 34 feet below
large fl~a bowler and 27 feet above large bowl(ler stan(Vinlg omi edge. A piece of three-
quarter-inch iron gas pipe wasIplace(l in hole to assist in relocating the station.

36

Mississippi River Commission, 1889. (Chart No. 6.)
Latitude 380 00' 40".21; meters + 1,240, -610.
Longitude 900 041' 49"..59; meters + 1,210, -2,54.
F.levation: 396.35.
To 1: 36/2, azimuth 2040 45', distance 1,925 meters.
Knob Cllt on bowider, on Missouri shore, 3 miles above Ste. Genevieve, Mo., am](

25 meters from shore line. 'rho letters and numbers ''U. S. 11. M. 3/3" are clt
beside the knob on the bowlder. (Not found in 1908.)

A BIOTTOM.

United States engineer office, St. Louis, AMo., 1899. (Chart No. 6.)
Latitude 380 00' 40"..19; meters + 1,239, -6 1.
Longitude 900 02' 17".36; meters +424, - 1,040.
To(,DCorrell, azimuth 830 30 55", distance 3,866.4 meters.
ToA Wilder, azimuth 570 59' 27", distance 2,493.7 meter.;.
ToAziegler, azimuth 34180 32' '5", distance 6,4129.3 meters.
ToAlMaxwell, azimuth 210 55' 20", distance 2,590.5 meters.
Iron pipe, in Illinois bottomlaand; on west side of road leading from ferry landing

opposite Little ItRek Landing, Mo., to Moro station on the Illinois 'Southern Railwa;
a )out 400 feet west of point where road crosses track; and 300 feet; west of south en(l
of levee. (Not found in 1908.)

A RICHARItDS.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 00' 33".48; meters +1,032, -818.
Longitude 900 04' 17".43; meters -425, -- 1,039.
ToAllolman, azimuth 1060 00' 56", distance 819.7 meters.
Hole in large flint module and limestone bowlder, at foot of railroad eml)ankment;

a little upstream from the mi(ldle of second bluff above [ittlo Rock fLa(ling, Mo.;
385 feet east of mouth of natural drain, in face of bluff. A piece of three-quarter-inch
iron gas pipe was placed in hole to assist in relocating the station.

36
@ CORRELL,1. y

AMississippi Rivar Commission, 1880-81. (Chart No. 6.)
Latitude 380 00' 26".00; meters +802, -1,048.
Longitude 900 04' 54".81; meters +1,337, -127.
Elevation: 624 (approximate).
To CoD('Ouity line, azimuth 1620 53' 42".47, distance 12,136.64 meters.
ToS Brewerville, azimuth 200° 47' 34".48, distance 6,244.9.1 mneters.
TogNhMgnolia, azimuth 1270 28' 27".837 distance 6,922.23 meters.
To@Vause, azimuth 3210 63' 18".67, distance 13,233.07 motels.
ToA Bottom, azimuth 2630 29' 18", distance 3,866.4 meters.
ToANNilder, azimuth 2970 06' 26", distance 1,940.7 meters.
ToA Hurst, azimuth 2'90 31' l2", distance 5,855.7 meters.
ToZiegler, azimuth 318° 51' 34", distance 7,784.1 meters.
ToASto. Genevieve, azimuth 3150 33' 20", distance 4,358.3 meters.
Ori inlily a stone post, replaced with an iron pipe in 1899, 3 miles upstream from

Ste3. (tneviove, Mo.; 480 meters back from river bank; ir cultivated field, Ottop of
bill; It miles westwardly fromi Little Rock Landing, M1o.
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(D27 W.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 6.)
Latitude- 38 00' 25".60; meters +789, -.1,061.
Longitude 89° 58' 46(".93; meters +1,145, -319.
Elevation: 389.84.
''oASte. GeneVieVe, azimuth 620 25'.
To St. Leo' church spire, azimuth 1790 01'.
To top goalie of elevator, azimuth 229° 25'.
TGable of deI)ot at Roots, azimuth 3030 28'.
To gll)le of hoIse, aimutth 2360° 51.'.
To gi4blc of house, azimuth 800 14'.
'Tvso-inch iron pipe, about 1 foot above surface of ground in Illinois bottom land;

about one-half inile northwest of Roots station (" Iron MNlountain "); 2.46 meters vest
of center of track of St. louis, Iron AMountain and Southern Railway (Illinois division);
182 meters l)elow telegraph l)ole 50; 92 meters above telegralph polc 50/5; 184 meters
below swvitch stan(I; and 1,566 mneter,i below junction of the Illinois Southern Railway
an(l the " Iron M1ountain " Railway.

A! CRANE.

United Statues engineer office, St. Louis, Mho., 1903. (Chart No. 6.)
Latitude :380 00' "21".91; meters +676, -1,174.
Logitu(le 900 03' 41'1".75; mneters +1,092, -372.
Elevation: :396.94.
TOA Southern, azimulth 3190 18' 56", distance 879.3 meters.
Iron pil)e, oln railroad embankment in lower (Wilder) quarry; 6 feet from telegraph

polc near first trestle ,al)ove Little lock Landing, Mo.

, LITTLE RlOCK.

United States engineer office, St. Lotuis,-Mo., 1899.
latitude 380 00' -1t5".59; meters +481, -1I,369.
longitude 900 03' 34".59; meters +844, -620.
Ilole in rock, on high bank; ininedliately in front

about 35 meters below Little Rock Landing, Mlo.

(Chart No. 6.)

of 2-story fraine building; and

A 'TANK.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 00' 13".58; meters +419, -1,431.
,onlgitudle 900 03' 36".83; meters +899, -565.
Fini! of water tank of Illinois Southern Railway near Little Rock

andd(lirectly back fromt A Little Rock.
35H2

Landing, Mo.;

Wississippi River Commissionl, 1889. (Chart No. 6.)
Latitude 380 00' 13".53; meters +417, -1,433.
Longitude 900 00' 42".96; meters +1,048, -416.
Elevation: Stone, 388.08; pipe, 393.17.
To EH 35/2, azimuth 37° 15', distance 1,297 meters.
Flat stone and iron pipe, in west edge of cultivated field, on Ste. Genevieve Island

(now in Illinois); 1,600 meters from the Mississippi River and opposite Ste. Gene-
vieve, Alo.

A SOUTHERN.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 6.)
Latitude 380 00' .28; meters +9, -1,841.
Longitude 90° 03' 21".26,; meters +519i-945.
To Allaxwell, azimnulith 3330 It 14", distance 1,313.3 meters.
To At.Crane, azimuth 1390 19' 10" distance 879.3 meters.
lroi lpi pe, near inidi(lIe? of .second bilff onl hill befow Little Rock Landing, Mo.;

about 60 leet back from edge of bluff and on contour about 10 feet lower than crest.
An 18-inch white oak and a 20-inch black oak, about 30 feet apart and blazed with
triangles, are 22 feet in front of the station.
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A WILDER.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 6.)
Latitude 370 59/ 57".31; meters +1,767, -83.
Longitude 900 03' 41".03; meters + 1,074, ---390.
To GCorrell, azimuth 1170 07' 09", distance 1,94l0.7 meters.
To Aillaxwell, azimutth 3I3 17' 19/", distance .1,576.7 meters.
To AlBottom, aznilmuth 237° 58' 341", distance 2,493.7 meters.
Iron pipe, in Missouri; oln top) of first hill below Little Rock landing; about 550

meters from the river; awdl early in lille with water tank aII(1 southeast cornier of
o0l mill at the land(1ing.

(D 28 W.

Board oln Examination and Suirvey of Mississippi River, 1908. (C(hart No. 6.)
LIatitu(le 37059°.50".07; meters +1,5414, -3006.
lon gitulde 89' 57' 37".61; meters ±-918, -546.
E'leNvtion: 387.61.
To gable of house, azimuithl 34170 03'.
To gable of1ho1use, azimnuth 3430 541'.
To gable of barn, azimluth 330 02'.
To gable of barn, azimiutth 980 06'.
To gable of barn, azimuth 330 42'.
Trwvo-incch iron pi I)e, about 1l foot above surface of ground ill Illinois 1)ottom laind;

seveni-eighths in ile below Itoots station (" Iron M[ountaini "); Onl inouinl in borrow )it
onl south side of wagon road(l; al)oult 620imeters above (west of) (lrawbri(lge over
Kaskaskia. River; 76 meters below telegraph pole 51/10; about 90 mlelters below
point of curvee of St. Louis, Iron Mountain and Southern. Railway (Illinois divisionn);
15 meters wvest of center of track and 18 meters southwest of lower end of trestle
No' 68.

E 35

Missis9sippi River Commission, 1889. (Chart No. 6.)
Latitulde 370 59' 10".06; meters ± 1,235, -615.
Longituide 900 01' 15".08; meters +368, -1 ,096.
Ellevation: 3841.99.
To EJ 35/1, azimuith 2170 15-', distamice 1,279 meters.
'I'o E 35/3, azimiuith 360 '40', distance 2,102 meters.
Stole post, iln field, Onl Ste. Genevieve, Islalld (now in Illinois); opposite Ste.

Genevieve, Mo.; 100 meters black from river blank; 115 meterss west ot northeast
corner, an(l 285 meters north of northwest corner of scattere(1 tim))er; and 270 meters
northeast, directly back from buildings near the river.

(D 29W .

Board on Examination andl Survey of Afiwisippi River, 1908. (Chart No. 6.)
Latitude 370 591 23,".50; meters +725, --1,125.
Longitude 890 55' 57".49; meters ±1,403, -61.
Elevation: 389.42.
To top gable of elevator, azimuth 3220 18'.
To middle of chimney, Reily Lake depot, azimuth 3220 26'.
To Cast edge of farmhouse chimney, azimlluth 3180 17'.
To we3t e(dge of outside chlimllney, azimuth 3190 00'.
Two-inch iron lpipe, about 16 inches above surface of ground in Illinois bottonmland;

3 meters west of center of track of St. Louis, Iron Mountain anld Southern Rlailway
(Illinois D)ivision); about I mile above Reily Lake depot; 166 meters above telegraph
pole 53/5; 116 meters below telegraph pole 53; 7 meters below lower encl of trestle No.
72, over a ditch 3 mneters wide (running water).

A MAXW'ELI,.

United States engineer office, St. Louis, TMo., 1899 and 1903. (Chart No. 6.)
Latitude 370 59' 22".25; meters +686, -1,164 (1899).
Longitude 900 02' 56".99; imeters +1,391, --73 (1899).
Latitu(de 370 59' 22".27; meters --687, -1,163 (1903).
Longitude 900 02' 56"/.98; meters +1,390, -74 (1903).
ToAViCux Village, azimuth 3070 22' 15", distancee 6,092.8 meters (1899).
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roA 3ottomll, azimuth 2010 541' 56" distance 2,590.5 meters (1.899).
ToAlWilder, azimuth 133° 17' 49", distance 1,576.7 meters (1899).
ToAl'arehouse, E335/3, azimuth 3120 50' 52", (listance 1,6(68.8 meters (1899).
ToASolltllhern azimuth 153° II' 29", (listaince. 1,313.3 meters (1903).
Iron p)ip), onl top of first prominent hill above Ste. Genevieve, aMo.; ill open field a

little northeast of crest of hlll, and about 225 meters below the Banlltz stOne house.

A\ HURs'P.

United States engineer office, St. Louis, Mo., 1900. (Chart No. 6.)
Latitud(le 370 59' 19'".37; meters +597, -1,253.
Lonigitudc 9500 01' 10".09; meters +246, -1,218.
Elevation: 387.34.
Too(orrell, azimnuth 110° 33' 30"/, distance 5,855.7 meters.
'ToA Ziegler, .;zimuth 50 28' 50", (listallce 3,826.8 meters.
iroi pipe, oln Ste. Genevieve island (iln Illinois); about 1,0(l0 meters above slough

between Ste. Genevieve and1 Moro islancls; 10 feet from edge of bank; 10 feet above an
ol0( road leading downi the banik; to northwest corner of white house, azimuth 24100,
(listanice 100 feet; (lead twii stump, south, 6 feet; b)laze(l 8-inch boxelder, 150° 10
feet.

:35
A 0VARE1Iots1 3

Mississippi River Comnnission, 1889; redetermnined, Uniited States engineer office,
St. Louis, Mo., 1899. (Chart No. 6.)

Latitude 370 58' 15".A13; meters +1,401, -449.
Longitude 90° 02' 06".86; meters +167, -1,297.
Elevation: 390.92.
TokAMaxwell, azimuth 1320 51' 23", distance 1,668.8 meters.
ToASte. Genievieve, azimuth 89° 35', distance 1,053 meters.
To[D35/4, azimiutih 360 50', distanuice 806 meters.
To[D35/2, azimuth 2160 10', distance 2,102 meters.
Stone lost, ill cultivated field, one-quaitrter mile east of and below Ste. Genevieve,

Mo.; 25 meters hack from ol0( high baink; about 270 meters east of bridge over Souith
Gabouri Creek; anud 370 meters north of " IFrisco'" railroad bridge over Valley Spring
Branlich.

A STE. GENEVIEVE.

United States engineer office, St. Louis, Mo., 1899. (Clhart No. 6.)
Latitu(le 370 58' 155".06; meters + 1,389, -'161.
Longitude 90° 02' 949".78; meters -[1,215, -250.
Center of spire and cross of the cathedral at Ste. Genevieve, Mo.

0 1P. 13. M. 33.

Misissip!pi River Cornmissioni, 1880. (Chart No. 6.)
Latitlude 370 58' 43". I1: Imeters +±1,330,-520.
Longitude 900 02' 38". 72; meters +945, -520.
Elevationi: 407.86.
Center of copper 1)olt, leaded horizontally ill south sidle of southeast corner of public

school building ill Ste. (:eneviove, Mo.; 4 inches from, corner ini fifth course ot stone
below the bri-ks. The letters " U. S. I'. l. M." are cut near thre )0olt.

[713 5'Ei4

Miississippi River Commission, 1889. (Chart, No. 6.)
Latitude 370 58' 2'l". 16; meters +745, -1,105.
Longitude 900 02' 26'".50; meters -[647, -818.
Elevation: Stone, 397.27; pil)e, 402.37.
ToA Ste. Genievieve, azimutil 1380 30', distancee 855 meters.
Tot335/3, azimuth 2160 50', dlistance 806 meters.
Flat stone aimd iron l)ipe, inside of fence onl west i(lde of maini road leading south

from Ste. Genevieve, Mo.; 20 meters north of lane leading west from main road and
about 350 meters south of South GCabouri Creek.
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Q F4'AIlRY.

United States engineer office, St. Louis, Ao., 1899. (Chart No. 6.)
Latitude 370 57' 36".83; meters +1,136, -7141.
Longitude 890 58' 22".05; meters +538, -927.
Elevation: 382.11.
TooKaskaskia, azimuth 266 06' 27", distance 5,756.5 meters.
ToOVause, azimuth 15° 26' 01", distance 5,386.2 meters.
Iron pipe, on Missouri shore; 3j miles below Ste. Gentevieve, Mo.; 185 meters

north anrd inl front of McClary's house and opposite flat section of revetted banik; about
60 meters from water's edge at mean stage annld 9 meters from highl bank; blazed trees:
sycamore, northwest, 1419 meters; cottonwood, northeast, 123 meters. Pipe set a few
inches below surface of ground with mound of stone for surface mark.

34U4
Mississippi River Commission, 1889. (Chlart No. 6.)
Latitude 370 57' 24l".00; meters 1-740, -1,110.
Longitude 890 58' 27".97; meters +683, -782.
Elevation: Stone, 378.25; pipe, 383.31.
Flat stone adti iron pipe, in Missouiri, about 31 miles below Ste. Genevieve; ill clil-

tivated field about 120 meters west of road lecaling sotlth from river; 170 meters south
of river bank; and 700 meters north of buildings owned l)y Jules Detceniendy.

A VIEUX VIIIAGE1.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 6.)
Latitude 370 57' 22".25; meters +686, -1,161.
Longitude 890 59' 38".65; meters +941, -521.
Elevation: 386.37.
To Ziegler, azimnuitth 850 38' 25", distance 2,605.4 meters.
ToAMaxwell, azimuth 1270 24' 18", distance 6,092.8 meters.
ToADIouble flag (probably covered), azinmuith 1270 56' 35", distance 2,045.6 meters.
Iroll pipe, ill Missouri, about 3 miles below Ste. Genevieve; oni slight ridge in culti-

vated field 100 meters back from river; 17 meters from high batik; aml(l 275 meters
upstream from shore en(l of hurdle No. 18, Ste. Genevieve works. N-narly on lile
with mouth of Kaskaskia (Okaw) River and shore endi of this hurdle. A mound of
stone piled around the pil)e serves as a surface remark.

A Zl1E,1,,ER.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 6.)
Latitude 371 57' 15".82; meters +'188, -1,362.
Longitude 90G 0! 25".06; meters +612, -853.
To(-I3rewerville, azimuth 1660 05' 43", dislatnce 12,055.4 meters.
To@a Correll, azimuth 138° 53' 13", distance 7,781. 1 meters.
ToA Bottom, azimnutth 16a8 33' 17", distancee 6,'29'.3 meters.
To-.llurst, azimuith 185° 28' 40", distance 3,826.8 meters.
ToA Vie(x village, azimuth 2650 37' 19", distancee 2,605.4 meters.
ToA Double flag (probably covered), azitiht 21410 03' 14", (listallce 1,757.6 meters.
Square stone post, with top marked "U. S.;" in cultivated field on1 hill about 2

miles below Ste. Genevieve, Mo.; about 900 meters west of large Indian moin(ls in
B3ig Field; 122 meters west of main road at foot of bluffs and 215 meters south of pro-
longation of road to river; 73 meters west of edge of timber; 153 lmeters southwest of
sinkhole. To 15-inch blazed pecan tree, 3500 -8 meters.

E-1 '3 3

Mississippi River Commission, 1889. (Chart No. 7.)
Latitude 370 58' 58".81; meters +1,813, -37.
Lorgitude 890 55' 37".61; meters -918, -5417.
Eleantion: Stone 378.28; pil)e, 383.38.
To[LIJ33/2, azimuth 3460 50', distance 289 Ineters.
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Flat stone anl(1 iron pipe, (;75 meters above railway station at Roily Lako,*Ill.; 75
ineters west frblim the St. Louis, Ironl Alountain mn(d Southern Railway (Illinois Divi-
ion); o11 the iisi(de of fence around the field of J. Alorrison and 400 meters east of

southwest corner; onl edge of timnl)er and (100 meters from the left bank of Kaskaskia
River. 'lTwo l)laze(l hoiey-locust, trees on1 south side of roa(1 are: south 23° east,
and south (308 east, res)ectively. (Stone found, 1908; pipe missing.)

E1 '33

Mfississippi River Conmission, 1889. (Chart No. 7.
Latitudeo 370 58' 49".69; meters + 1,532, --318.
Longittude 890 55' 34".99; rmleters ±854, -f61.
Elevation: 370.62.
l oFH]33/l, azitilmth 1(160 50', distance 289 meters.
Stolle post, set. iln willows, about one-fourth mile wecst of Reily Lake, Ill.; on north

b)ank of small crcek and 195 meters southwest, of I Ironi Mountain'' railway tridgo
over same; nearly olpl)(si te southeast corner of J. Alorrisoln's field; at foot of dead
:3-foot water-oak blazed anlid marked " IJ. S. 13. MA.", south 70' west; an 18-inch elm
also marked " IJ. S. 13. M.", south 250 east. (Not found, 1908; 1)rolably covered.)

(D 30 W.

Board onl Examiniation and Survey of Mississippi River, 1908. (Chart No. 7.)
Latitude 37 8'5836".28; mne(ers - 1,1.19, -731.
longitude 08' 55' I ".') 1; meters -4-291, -^ 1,174.
Elevation: 387.58.
To east, edge of brick store front, azimuthI.157° 37'.
To gable of house, azimiuith 1380 09'.
To gal)le of house, aziilith 1 63 -1(6'.
To swvitchstand, azimuith 1,120 31'.
Two-inich iron pipe, about I foot, above surface of ground in Illinois bottom land;

314 meters below del)ot, door at Ileily Lake, III.; 3 mncters east of center of Main track
of St. Louis, Iron Mountain an(l Souithern Railway (Illinois Division); 108 meters
al)ove il)l)cr e(l of trestle No. 7.1; 15 meters below oic switchstand nid 85 meters
al)ove another; 37 meters belowv road crossing; aind 80 incters below telegraph pole
541/5.

A MONUMENT.

Umlited States engineer office, St. Louis, AMo., 1899. (Chart, No. 7.)
Latituidc 370 58' 01".07; meters -1-:13, -1,817.
longitude 890 51' 31". 16; meters -f-761, -701.
(,'enter of l)rominierit shaft, ill Kawkaskia Cemetery; on0 )lluff above an(1 about 600

meters north of Fort. Gage, Ill.
G KA.SKASKI1A.

Mississippi River Commnission, 1880-81. (Chart No. 7.)
Latitude 370 57' 19".43; meters +1,524, -326.
Longituidle890 54' 26".77; imeters ±653, -811.
'T'oo \ause, azimuth 520 09' :38".,12, distance 9,092.33 meters.
To®-) Rozier, azimuth :30 28' 51".37, distance 11,101.40 meters.
ToPA Fairy, azimuth 860 08' 5',/, distance 56,756.5 meters.
'ToA Commonis, azilnuth 45' 34' 01", distance 1,869.7 meters.
Tro^(olAnomolls No. 2, azimuth 21' 03' 07", distance 1,124.9 meters.
ToA New Kaskaskia, azimuth 8° 25' 26", distance 4,662.9 meters.
Tor:133/4, azimulth 560 20', distancee 1,'268 meters.
h0ole in center of stonc lost, near top of Illinois bluff at Fort Gage; oln edge of old

earthwork fortification; an(l al)out '1 feet east of oak picket fence. The footpath in
rear of Lynn's store leads to the station.

E"4
MNlfississippi River Commission, 1889. (Chart No. 7.)
Latitude 370 57' 26".60; meters +-820,-l,030.
Longitude 8'9 55' 10".02; meters +245,.1,220.
Elevation: Stonc, 371.83; pipe, 379.93.
To®Kaskaskia, azimuth 2.36U 20', distance 1,268 meters.
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Flat stone and iron pipeO,on (l Knaskaskia Commons; near the north eild of Kaskas-

kit Islalnd (now on rihit, hank of river); and opposite Fiort Gage, Ill. ; 2A miles north of
the nlew town of 1Kaslaskia, Ill.; 110 meters east of al building; 180 meters nottlh of a
grove; al)out 330 meters back from river bank; an(l 1'20 meters west of roa(d leading
south from the ol0( towVn of Kaskaskia. A. blazed pecan tree stan(ls southwest, 5
meters.

A COMMONS NC). 2.

UJnite(d States enginleer office, St. Louis, Mo., 1899. (Chart No. 7.)
Latitude :37° 57' 1.,5"..38; metet i -+474,-1,376,
Longitd(le 890 5,11 13":.33; mn('ters - 1,058,-407.
To(Kuskskia, azimiuth 2010 02' 57", distancee 1,124.9 Meters.
TOAC1Co11mm1ons., iziiltnth 7'10 26' :38", distance 966.4 meters.
Il'OII pipe, near(1l head of Kaskaskia *sland (now oul right hank of riverr; nearly opIo-

site first large (dit(ch below lFort-Gage, Mll.; al)out, 65 meters from river bank.

A! COMMONS.

United States engineer oflice, St. Louis, Mo., 1899. (Chart No. 7.)
Latitude 370 57/ (061 .97; mn eters -1-215.-- 1,635.
Longitude 890 55' 21".46; meters -+-524, -941.
T'og Kaskaskia, aziniuith 225' 33' 277", dlistance 1,869.7 meters.
To AaC01ommons11-1i No. 2, azi ninthI 2541 26' 141", distancee 963.'4 meters.
I ron pipe, near head of Kaskaskia Islaln (now onl right, hank of river); 8 inches

above surface of ground, ill (liltivated 11(1(1; about 1,000 meters back from river arld
about '40)0 meters east of Old River; 95 feet southeast. of a l)ecap tree, onl edge of (clhimp
of small brush; '15 feet west, of roa(l with telephone line oln est side; I-1() feet north of
t(lel)hone pole, st ending northwest, of locust, tree blazed and marked with nails formi-
ijg the letter " I

32

Missimssippi River Commnissioni, 1889. (Chart No. 7.)
Latitude 370 56'V 52" .3; Iic(ters +-II,032,-218.
Longitude 89° 53' 23".66; meters -F-578, -887.
Elevation: Stone, 39'1.59; pI)ipe, 399.65s8.
To 32/3, azimt it 500 25', (1istan('e 1,280 meters.
lat stone and( iron pipe, liear foot of Illinois bluffs; I Lm1iles l)eojv Fort (Ga'ge, Ill.

betlweell wagon 1road and Illiinois Sonuthern Railwvay; 75 meters souit hmeast of wagon
bridge; 80 mineters southeast, of the north corner of a field ; :35 meters northeast of
orchard; and( GOO) meters from the river bank.

32

3
Mississippi River Commnission, 1889. (Chart. No. 7.)
Latitude 370 56' 26"..59; meters 1-820,--1,030.
Longittude 890 5-t' 0t".09; winters -F 100,- 1,365.
Elevatioln: 38.6t.
'Tolli32/4l, azimiuth 500 25', distancee 560 mietes.
Stone p)ost, on Kaskaskia Island (now onl right bank of river); about 141 miles belowv

Fort (Gage, Ill.; onl the land of Mr. I)elassus; and 1:30 meters back from rivevo bank.
To a blazed eli tree, azimutith 300 50', (listancc20 meters; to a blazed locust tree, 22 1
22' -27 meters.

4
II iss iil)i)i River commissionon, 1889. (Chart No. 7.)
Latitude :370 56' 1'1" .92; In eters -I-160,-1,390.
Longitude 890 51' 2I ".91 ; meters +535, -9:30.
Elevation: 382.68.
'orot3:32/3, azimluth 2300 25', distancee 560 meters.
Stole post, Onl Kaskaskia Island (now onl right bank of river); about 1A miles below
ort Gage, 1il.; on ('rest of ridge, lalnd of Mr. Dela.sss; and 700 meters from thme river;

120 mlleters Cast (ot roadl ro 01 o(l Ka'ska.skia, to the foot of t le island and( ISO meters
Southeast of junction of roads; ait foot of pecan tree blazed and marked ' 1B. M.l;
blazed peacan trees stand northeast 36 meters, and another, west :39 meters, respectively.
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A NEW KASKASKIA.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 7.)
Latitude 370 55' 19".83; meters +611, -1,239.
Longitude 890 54' 54".74; meters +1,337, -129.
Center of cross and spire of the church at Kaskaskia, Ill. (nelw town); on Kaskaskia

Island (now on right bank of river).
3-1

Mississippi River Commission, 1888. (Chart No. 7.)
Latitude 370 55'15".94; meters +492, -1,358.
longitude 89° 51' 17".54; -mniters +428, -1,037.
Elevation: 515.88.
ToA45 1/2, azimuth 3280 44', distance 3,000 meters.

To(D31/2, azimuth 170 03', distance 32.5 meters.
Stone p)ost, on southern slOpe of Illinois bluffs; about 1 mile above Southerii Illinois

Penitentiary; 125 meters east of road at foot of bluffs; 200 meter.-inorth from first wsgon
bridge above the penitentiary; outside a field, near south corner, and 25 meters from
the ence.

E312

Mississippi River Commission, 1888. (Chart No. 7.)
Latitude 370 55' 14".94; meters +460, -1,390.
Longitude 890 51' 17".93; meters +438, -1,024.
Elevation: 477.47.
ToAs56-El 31 , azimuth 1970 03', distance 32.5 meters.

Cross mark, on solid rock belowA 56-El 31/1; near 24-inch blazed oak.

A CHURCH SPIRE (CHESTER, ILL.).

Mississippi River Commission, 1880-81. (Not in limits of Board on Examination
and Survey of Aiisssippi River charts.)

Latitude 370 54'554.36; meters +1,707, -1,13.
Longitude 89° 49' 21".22; meters +518, -9418.
The most prominent church spire in Chester, Ill.; in northeastern part of city; andl

about 1 mile from river.
® VAUSE.

Mississippi River Commission, 1880-81. (Chart No. 7.)
Latitu(Ie 370 54' 48".43; meters +1,493, -357.
Longitude 89° 59' 20"'.73; meters +506, -960.
Elevation: 568.59, and 567.84. (See description.)
To® Rozier, zimuth 310 10' 28".69, distance 8,521.73 meters.
To® Kaskaskia, azimuth 2320 06' 37".69, distance 9,092.33 meters.
To®Chester, azimuth 274 20' 16".62, distance 15,61l,56 meters.
To®DCorrell, azimuth 1410 56' 44".19, distance 13,223.07 meters.
ToAFairy, azimuth 1950 25' 25", distance 6,386.2 meters.
ToAChurch Spire, Chester, azimuth 2690 06' 47", distance 14,645.8 meters.
ToANew Kaskaskia, azimuth 2610 30 04", distance 6,568.7 meters.
Center of stone post, with top broken off, on high bluff in Missouri; 300 meters back

from old river; 3 miles above St. Mary8, Mo.; one-half mile below River AMx Vases;
and about 1 mile above Saline Creek. First elevation is top of stone; the second is a
shoulder cut on downstream side of stone and about 0.3 feet below ground.

A IRON PIPE.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 7.)
Latitude 370 54/ 14".32; meters 4-4,11, -1,409.
Longitude 890 60 53".55; meters +1,308, -158.
Iron pipe, on Horse Island, on right bank of river; nearly opposite Southern Illinois

Penitentiary; about 1,400 feet below head of revetment; in front of negro cabillns; alnd
10 feet downstream from railroad spike driven in blazed 30-inch sycamore tree.
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A SIMPSON 121.

United States engineer office, St. Louise Mo., 1880; stadia determinationn by Board
on Examination and Survey of Mississippi River, 1908. (Chart No. 7.)

Latitude 370 54 19".82; meters +611, -1,239.
Longitude 89° 58' 47"'.76; meters +1,167, -299.
One-inch hole in rock, in center of irregular elevation on Missouri bluffs; above old

quarry and about 3 miles above St. Marys, Mo.; about 450 meters above Saline Creek;
5.2 feet from outer corner of rock; 20 feet north of and slightly back from an oblong
bowlodr 4 by 8 by 3 feet, lying on edge of bluff; and 6.5 feet below a rail fence. Blazed
trees: 5-inch red oak, 7 feet back; 10-inch white oak, 17 feet back an(1 slightly dlown-
stream; 10-inch red oak, 30 feet back and upstream; clump of three small cedars 6
feet directly in front.

0 CHESTER.

Mississippi River Commission, 1880-81. (Chart No. 7.)
Latitude 370 54' 09".65; meters -+298, -1,5.52.
Longitude 890 48' 43".55; meters +1,064, -402.
TogVause, azimuth 941 26' 48".l0, distancee 15,611.56 meters.
To®Killion, azimuth 350° 29' 03" .03, distance 11,219.89 meters.
TogRozier, azimuth 6410 37 19".35, distance 10,031.77 metCes.
ToAChurch Spire, Chester, Ill., azimuth 146 51' 10", distance 1,683.1 meters.
Center of hole in to) of stone marking-pzost, on highest point of Illinois bluffs allout

one-half mile below Chester, Ill.; and about one-half mile back of Cole's Mill; in cul-
tivated field on Widow Cole's property; and downstream from angle in roa(l leading
from the eastern palrt of Chester (lown the bluffs to Cole's Mill.

A FLAG 27.

Mississippi River Commission, 1880-81. (Chart No. 7, station not plotted.)
Latitude 370 53' 55".92; meters +1,724, -126.
Longitu(le 890 52' 51"1.44; meters +1,257, -209.
To® Rozier, azimuth 370 44' 48", distance 4,907.9 meters.
ToOChester, azimuth 2650 58' 54" distance 6,071.0 meters.
Stone post, on south sid(I of Kaskaskia Island (now on right bank of river); opposite

foot of Cousin Wills island; about 200 meters back from Al( river bank; near road
leading to Dozaville; and 4.7 feet from 2-foot cottonwood tree.

Mississippi River Commission, 1880--81; redetermined, United States engineer office,
St. Louis, Mo., 1893. (Chart No. 7.)

Latitude 370 53' 52".79; meters +1,628, -222.
Longitude 890 50W 13".75; meters +336, -1,130.
Elevation: 378.01.
ToA56=-31/1, azimuth 1480 44' 19", distance 3,000 meters.
To I. 0. 0. Fi. hall, azimuth 230° 28' 54", distance 1,032 meters.
To Presbyterian Church spire, Chester, Ill., azimuth 2560 56' 39", distance 1,059

meters.
Stone poet near the foot of Horse Island, on right bank of river; on well-defined

ridge 180 meters from river and 230 meters from foot of island.

A SIMPSON 125.

United States engineer oflice, St. Louis, Mo., 1880; redetermined, Board onl Exam-
ination and Survey of Mississippi River, 1908. (Chart No. 7.)

Latitude 370 53' 16".75; meters 4-517, -1,334.
Longitude 89° 57' 37".50; meters +916, -550.
Elevation: 370.95.
Iron pin, cemented in flat detached rock on Missouri shore; 21 feet above low water;

375 feet north from north corner of Mr. Rozier's barn; 500 feet upstream from first
railroad trestle above St. Marys, Mo.; and 52.75 fept out from blazed 1-foot sycamnoro
tree. "U. S. 125" is cut in outer edge of rock 4 feet from stationl. (OIn 3oard on
lExamination and Survey of Mississippi River chart station is erroneously marked
"ISimpson 123".)
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A FLAG 28.

Mississippi River Comnmission, 1880-31. (Chart No. 7, station not l)lottod.)
Latitude17o37 53' 16".35; Inetors +50,1,346.
Loiigitude 890 52' 06".85; meters +1.67, -1,299.
Tlo > ozier, azinith 560 59' 13", distancee,1,882.7 meters.
To!D-Chester, azimuith 2510 40' 40", distance 5,231.9 ineters.
Stone post, in Missouri; oln right bank of Ol Riiver; about I mile above head of

horse Island; iu(ler 29-inch cottonwoo(l tree in edlg of01woods aw(l about 10 feet west
of fenCe corner oln land owne(l by Frank Siith; about 180 meters Southeast 0f high
bank of river an(d about 150 meters southeast of a house. Vwoo(len triangle w'as nailed
onl tile cottonwood tree aand three (lee) notches were Cult ill tree uin(ler triangle.

30

Mississippi River Commission, 1888; re(letermined(, United States engi ieer office,
St. Louis, Mo., 1893. (Chart No. 7.)

Latitude 370 53' 05".15; meters +159, -1,691L
Longitude 893 47' 51".70; meters +1,263, -203.
Ellevation: 399.40. I

ToA Flag 29 1/2, azimuth 440 24' 31", distancee 1,420.3 meters.
ToF'-30/3, azimutith 39° 02', distalice 1,977 meters.
Stone p)ost, in Illinois and about 1,250 nieters upstream from the mouth of Marys

River; 73 meters from river bank; and 30 mieters back romn the \'abasl, ('hester a1i(1
westernn Railroad(. There is a1 stone( culvert 2 l)y 2.5 feet under railroad directly ill
front, of stone.

A FLAO 29.

Mississippi River Commission, 1880-8I. (Chart No. 7.)
Latitu(le 370 52' 53" .29; meters +1,643, -207.
Loncgitulde 890 49' 07"'.12; meters +174, -1,293.
Elevation: 376.85. (377.00, 1900, Skelly.)
ToA LRozier, azimuth 770 05n. distance 8,707.6 meters.
To30i3, azimnullt 333 00', distancee 1,315 meters.
Stone post, on right bankk; three-quarters of a mile below (laranvile, Mo.; bouit.

200 meters below a 1ous1e8; 120 meters north of building on wvest side of road; about
2410 Ilieters froim river and 75 meters west of a feiwe on west Hiide of lane rilnilgil"
towar(l the river; on1 land of Charles Cole; immediately back of a fence and(l umm(Ier a
large sycamore tree. (Elevation 377.52 onl chart is erroneous.)

(o 1. II. Ni. 35.

Mississippi River Commission, 1880. (Chart No. 7.)
Latitude 370 52' 45".90; meters +1,415, -435.
Longitu(le 890 56 58".51; meters +1,430, -37.
IElevation: 395.87.
Center of copper bolt, leaded horizontally in west end of water table inl southwest

cortner of storehouse belonging to 1E. S. Lanbaugh, on northeast cornier of Second and
Walnut streets, St.. Marys, Mo. The bolt is set back about 5 millimeters in the stole
andl the letters "U. S. P. B. M.." are cut near the bolt.

o 1'. 13. %M. 30.

Mississippi River Commission, 1880. (Chart No. 7.)
Latitude 370 52' 45".02; meters +1,388, -462.
Longitude 890 56' 59".34; meters +1,450, -17.
Elevation: 402.81.
Center of copper bolt, leaded horizontally in southwest corner of Martin 1Round-

stone's ice house on east si(le of Walnut street, St. Marys, Mo. The letters " U. S. P.
1B. M.1I are cut near the bolt, which is in the fifth course of stono from the bottom.

A IM'1,A 2¶)6j

Mississippi River Commission, 1880-81. (Chart No. 7.)
Latitude 370 52' 32".17; meters +992, -858.
Longitude 89° 48' 32" .36; meters +791, -676.
Elevation: 377.74.
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Torl(30/2, azimluth 2240 24' 063", (listaluce 1,420.3 meters.
To(;30/3, azimuith 250 54,, (listanco 579) mntcrs.
ToDo 13. MI. Copper Bolt, - A Simpson 182, azimuith 2710 l l', distance 3,382 meters.
Stono post, marked " IJ. S.," oll right b)ank I& miles b)eloNv ('laryville, Nlo.; aboule

100 meters from river bank; 4100 mieters below Blocks Landing, Mo.; and( 1,700mieter-s
above lcad of Croinis lslan(1.

303

Mississippi River Commlission, 1888. ((.Ihart No. 7.)
Latitude 370 52' 15".28; mieters +471, -1,379.
Longitude 890 48' 42".71; miiet.ers -4-1,0044, -423.
Elevation: 377.63.
ToA Flag 29, azimluth 153° 00', (listance 1,315Mfieters.
ToA Flag 29 1/2, azimuth 2050 54', distance 579 meters.
ToEI30/2, azimutth 2190 02', distance 1,977 meters.
To0B30/4, azimuith 390 03', distance, 3i3 meters.
Stoone post, in Missoluri and about ],700) meters upstreuai from lbead of ('rahi Island;

about. 650 meters from right bank of rivcr; oln the wV(est si(o oft public road; ea8t of rail
fenIce and 25 meteris north of wire fence.

F]I 4

Mississippi River Commission, 1888. (Chart No. 7.)
Latitude 370 52' 06".14; meters +189, - 1,6(61.
Longitu(le 890 48' 522".06; incters ±1,273, - 194.
Elevation: Stone, 372.31; )ippe, 377.42.
ToO30/3, azinmuith 219' 03, distance 363 meters.
Flat stone atid iron l)ippe, oln right bank; 1I miles below ('Claryille, Mo.; an1(d (7()

meterm from the river; :30 meters west of a ledge; 350 meters west of a ptiblic rladI
and 100 iutters from a fence corner at, elge of timler.

(-,) nOZIER.;1t

Missisippi River Commission, 1880-SI. (('hart No. 7.)
Latitude 370 5l' 50".03; meters -- 1,542, -308.
Longitude 890.541 541"i.35; meters - 1,329, - 138.
To® Valuse, a mimuth 1300 13' 12".29, (listance 8,521.73 meters.
rop)Killioni, aizinittlli 3010 '3' 20".60, distance 12,845. Imeters.
To®('hcster, azimutith 24,1° 3:3' 31".603, instancee 10,031.77 meters.
To® Kaskaskia, azimuth 1830 28' 34".43, (istantceII,1,10l.4 llmeters.
ToAChurch Spire, (Chester, Ill., azimuth 2340 54' 20", (listanmce 9,915.2 meters.
Center of hole in to1) of stone marking post (shattered), Onl higlhoest poillt of first p)rom-

iient bluff below and about 2 miles fro' St. arys, Mo. A Iath P the b~n if to tlie
station leaves the " J'risco" railroad at a l)oint 3(90 e(ters aboveIserrvvilleJunt)ion,
Mo.

El 1i. M. COPPERI{ BL0T1/I A SIMPSON IS.9

Hississippi River Commission, 1889,; re(letermined, Uniited States engimleer office,
St. ouIJiis Mio 189(3. (CIhiart No. 8.)

iLatitudie 3.' 52' 29".92; meters +922, -928.
Ltongitudo 89°46' 14".02; meters -+-343, -1,124.
Elevation: 351.66 (head of arrow).
ToAFlag. 29 1/2, azimuitilth 910 i3', (listantice 3,382 meters.
ToASimpson 184, azimuth 3110 31' 55", dlistance 7060. 1 meters.
1301t leaded in rock le(lge, oin Illinois shore (low water); 30() meters below ('rains

('reek; and 1,350 meters below Mary's River. 10olt ws gone in 1908, anl(l ledge was
marked with an arrow.

A SIMPSON 184.

United States engineer office, St. Louis, Mo., 1878; r(letderininedl, 1893. (Chart.
No. 8.)

Latitude 370 52' 13".57; meters +418, -1,432.
Lotngitudo 890 45' 50".74; mietors 4±1,240, -227.
ToASimpson 182, azimuth 1310 32' 09", (listauce 760.1 eict.ers.
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hole wvithl number '' 184 ' roughly tcuIt, in lalge stone standing on edge, 20 feet from
ed(gef0 high l)k in Illinois; (111 scoII(l stony 1)Oint l)eloVa I .j iiiiles from Marys
Liver; 88 feet, south of a :3-foot blazed clAni; niid 46 feet. wvest of 3-inch blazed locust
tree.

A KIRIK '03.

United States engineer office, St. loulis, Mo., 1903. (Chart No. 8.)
I "ti thide 370 5 I 51 ".89; mlleters -- 1, (600, -50.
I ongituode 89! 15' 08 '.t60; meters ±210, -- 1,257.
T1oOWaters '03, azimutith 3391 410' 410", distance 2,697.6 meters.
To®' Killion, azimuthd 20 31' 44", (lislance 7,620.3 meters.
Iron pie, 6 inlhes ahove surface of gromid(l, onl front slopes of I llinois bluffss; between

railroadanl highway; 95() feet above Mirts Landing; and 225 feet below large ravine.
To a blazed 10-inch hickor tree, 200' -36.5 feet.

A MANSK{SK '03.

United States engineer notice, St. Loilis, ao., 1903. (C'hart No. 8.)
ILatitu(le 370 51' 38".09; meters +1,1741, -676.
ILongitulde 890 414' 27".34 ; meters -±-668, -798.
T1'o) Lower base, azimiuith 342" 01' 59", distancee 4,198.3 meters.
'TooO Killion, azimuth 3,10 37' 6", (listalnce 7,767.3 meters.
ToA bishop '03, azimiuith 3320 40' 13t", distance 5,175.2 meters.
ToA. Waters '03, azimiuith 1° 57' 40", (listaice 2,105.4 meters.
11ole (Irilled in rock and( sirroumi(ld(d by triangle, on l)roniinelit point of illinoi0

bluffs; directly hack of Mansker's house; opposite foot of Crahlia Islan(l; oln right banuk
about mi(lway between mouth of Marys IRiver and( Hockwood, III.; 175 meters below
railroad trestle.

29

Mississi)pi River Commission, 1888; redetermined, United States engineer office,
St. LoUis MIo., 1893 and 1903. (Chart No. 8.)

iLatitlle 370 51' 33".15; mietersO ±-1,022, -828.
Longitude 890 414' 28".35; illmete +693, -774.
Elevat;Oil: 407.41. (Levels of 1908, 407.77.)
To Lower base, azinmuith 3410 05'23", distanco 4,061.5 meters.
Too Killion, azimlliuth 350 07' 07", distance 7,628.1 meters.
ToA\A'aters '03, azimiuith 10 213' 18", distance 1,952.4 meters.
Torm-29/3, azimuth 330 17' 29", (listanlce 1,944.7 meters (1893).
Stone post, 12 inches above surface of ground, in paetuire, onl front slope of Illinois

bluffs; 3 -miles above Rockwvood, Ill.; 400 feet below Mansker's house, and about 60
feet back from wagon road.

A II} INE-MANN IIOUSE.

United States engineer office, St. Louis, Mio., 1903. (Chart No. 8; station not plotted.)
Laititude 370 50 44".15; meters +1,361, -489.
Longitude 890 42' 30". 42; meters +714, -723.
Finial oln cupola of promiTnent white house on Illinois bluffs one-half mile above

Rockwood, Ill.
A WATERS '03.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 8.)
Latitude 370 50' 29".84; meters +920,-930.
Longitilde 890 44' 30"'.29; meters +741,-726.
Elevation: 377.67.
To® Lower base, azimuth 3240 11' 49", distance 2,330.9 meters.
To® Killion, azimuth 450 21' 11", distancee 6,100.5 meters.
ToQ(Bois I3rule '03, azimuth 3260 40' 40", distance 1,166.4 meters.
ToA Kirk '03, azimuth 1590 41' 08", distance 2,697.6 meters.
ToAMarisker '03, azimuth 1810 57' 38", distalicn 2,105.4 meters.
To o29/2, azimuth 1810 23' 17", (lidtance 1,952.4 meters.
Iron pipe, 3 inches above stutrface of grotind at Waters Landiig, Mo.; nearly opposite

thle head of Liberty Island (onl left bank); 81 feet below warehouse, onl west sido of
road; outside of rail fence; 40 feet from top of bank (1903); 362 feet below end of
hurdle and 326 feot below prominent cottonwood tree.
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28

Miisisisippi River Commission, 1888. (Clhart No. 8.)
Latitude 370 50' 04"6A31; meters - 142, -1,708.
Longitude 890 41' 2Q'.1 L; meters +492, -97*).
Pfv',aftion: StonIe, 386.29; pipe, 391.38.
'roLJ28/2, azimuthu4410 56', distancee 1,15 fllters.
Fiat stone and iron pipe, at foot of Illinois bluffs; 1)ack of Liberty.Island; 250 meters

belowv a ravine, near lower end of Rockwood, Ill.; 1,180 meters below theo poost-office;
oln river side of Grand Tower and (Chester road; and in fence corner, inside a small,
narrow field.

A I"LAO 31.

MissisSippi River Commission, 1880-81. (Chart No. 8, station not plotted.)
Latitude 370 50' 04".48; motors +138,-1,7 12.
Longituide 89' 42' 54".76; meters +1,339,-128.
ToD Rozier, azirmith 100° 32' 30Y, distance 17,891.2 meters.
To(D Killion, azimutth 62" 19' 33", distancee 7,543.7 meters.
To®Chi;'ter, aziniuth 131 36' 00, distance 11,390.8 meters.
Stolle post, onl western si(le of anl alboult 1 mile below hlead of Liberty Island; about

170 meters hack from high bank; 20 meters back from large growth of cottonwood alnd
sycamore; and( 2 feet 10 inclhetsnort cast of a 32-inch sycamore t~ree.

A 1301Sli i I lE, '03.

United States engineer oficc, St. louis, Mo., 1 903. (Chart No. 8.)
Latitude 370 491 58".23; meters +1,795, --55.
Longitude 890 44V 041".08; meters +100, -1,363.
Elevation: 3741.24.
To®. Lower base, azimuth 3210 13'43/ ", distancee 1,166.7 meters.
ToA Waters '03, azinuitth 1460 40' 56"/ distancee 1,166.4 meters.
Iron pipe, 3 inches above surface of groud, oln lan(l of Meredith at Anlchor Landing,

Mo., formerly Bois Brulo post-office. Station is on felnce row back of upper ware-
hlouse; 17.4 cet back of line of west en(l of store I)uilditug; and 212 feet from to1) of
b)aink. To norwhevst corner of store, 2950 40' - 188.8 feet; blazed trees; 2l-incli pecan,
210 20' -177 feet; 23-inch pecan 147" 20' -402 feet; 6-inch peach (not blazite) 120Q
1. -23 feet.

28

Mississippi River Commission, 1888. (Chart No. 8.)
Latitude 370 49' 38"'.08; meters + 1,174, -676.
Longitude 89' 41' 53".418; meters +1 ,308, -160.
Elevation: 368.27.
Too28/l, azirmluth 2240F56', distance 1,155 mteters.
ToD-28/3, azimuth '440 35', distance 2,388 meters.
Stone post, near middle of Liberty Island, oln lft bank; about 6(20 meters from river

and nearly opposite B3ishop Landing, Mo.; close to a north-and-soluth lence and(l ill
timber; on the De Holland place; 140 meters south of a 1)end( in fence, an(l about 30
meters from edge of timber.

LOWER BASE.

Mississippi River Commission, 1880-81. (Chart No. 8.)
Latitude, 370 193' 28".52; mieters +879, -97 1.
Longitude 89' 43' 34".53; meters +845, -623.
Elevation: Coppper rivet in stone, 373.73; pipe, 376;.65 (1908, pipe, 376.75).
To®s Killion, azinmulth 0670 12' 55".46, (listance 6, 1_87.72 meters.
TroL Bois Brule '03 atzimutth 1410 43' 34", distanlee 1,166.7 meters.
ToAWaters '03, azimuth 1:144 12' 23", distancee 2,330.9 meters.
ToANianskor '03, azimiuith 162" 05' 32", distance 4,198.3 meters.
ToeABishop '03, azimuth 2990 04' 43", distancee 1,240.7 motors.
ToC129/2, azimuth 161" 05' iS'", (listance 4,06"1.5 meters.
ToA fleinemaiini House, wzimlillth 2130 4/33//5 distance 2,809.6 meters.
Stonle3 andl pipe, in Misisouri; thre(e1-quarters of a mile above Biishop Landing; 385

feet from high banik, at top of slope, on land of Barnley Hthber; between fourth and
fifth hurdles above B~ishop landing, 900 feet ald '156 feet. from their respectivo shoelit

HI. Doe. 50, 6't1-l-*29*
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ends. Rlefereices: StOne0 Chiminey, Alasker house, lfl 10'; north gablo of Vessella's
house, 2950 37'; north gable of schoollhouHo 3520 07'; South gablo Iluber's house, 1070
10'; 3.1-foot,-sycu:tore tree, northwest. c'oriter of field, 1480 12'; Nvalillt stullmp on Same
ridge, hack of station, 780 '12' --227 feet. Blazed trees:32-i'nch pecan 2740 48'-356
feet; 38-inch elmi, 2820 1 ' --585 feet; 61-foot syca oro, 3° 58' -965 foet. Geodetic
point. is cross o01 copper ri\vet lea(le(l ini Stone miarkinig post set 2 feet under ground;
surface mark is center of Cla) oil ironl pipe 14 inches above surface.

(D O'IARRATI.

Mississippi River Commission, 1880-81. (C'hart No. 8. )
Latituide 370 49' 21".42; meters +660, -1, 190.
Longitude 890 38' 41".57; meters +1,017 -461
Tostn Backbone, azimnutth 110 45' 58".02 distance 8,587.07 meters.
Tot@Killion, azimuth 800 25' 59".04, distance 13,053.34 ineters.
To('P\Tortldeii azimluth 2900 56' 02".60, distance 16,180.86 meters.
To(9F-)IPoiintin 1Bluff, azimilth 318° 15' 20", distance 19,186.2 meters.
To A Flag 37, azimuth 3290 39' 18", distancee 15,568.5 meters.
TO \Leveo '99, azinmuith. 460 01' 17", (istalnce 2,762.2 mleters.
To A Illinos, azimutllht 440 25' 11", (distance 2,809 meters.ToASev\1elit.-8;six, azimuth 3470 02' 28" distance 11,667.8 meters.
'1"oAPinnaciOtle, azimuth 3470 17' 451", distailceo 11,647 meters.
TroU51 11, azimulth 342' 16', distance 1,502 meterr.
Stolle post, near top of narrow, high ridge on Illinois bluffs; on Second( prominent

peak below Cora City, Ill.; onl land of O'Hlarrah. To reach station from the river:
.'ake roacl from HIamilton Landing, about one-half mile below Liberty Islan(l, to Cora
City; thence go down road beyond frame church to first house and well on east side of
roa(l then go up) bluff to top of narrow ridge.

A BISIHOP' '03.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 8.)
Latitude 370 49'08".96; meters +276, -1,574.
Longtiudo 89' 42' 50".20; meters +1,228, -240.
Elevation: 375.12.
Tos Lower Base, azimuth 1190 05' 10" distance 1,240.7 meters.
ToAfausker '03, azimuth 1520 41' 12', distance 5,175.2 meters.
ToAlIeilnellialnll House, azimuth 1890 21' 17", distance 2,974.2 meters.
Iron p)ipe, set flush with surface of ground, on upstrecim side of revetted point at

Bishop L-anding, Mo. References: U. S. light, 2600 -11.5 feet; lone sycamore tree,
200 -12.2 feet. (Elevation on chart is incorrect.)

(D 62 II.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 8.)
Latitude 370 48' 64".23; meters +1,672, -178.
Longitude 89' 39' 01"'.69; meters,+41, -1,427.
Elevation: 375.43
ToT51 11, azimuth 3010 47', distance 1,117 meters.
Two-inch iron pipe, in Illinois bottomland; directly back of Hamilton Landing;

9.5 feet east of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois Dix'ision); 1,100 feet below first road crossing below Cora City, and 60 feet
above milepost 73.

E128
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Mississippi River Commision, 1888. (Chart No. 8.)
Latitude 370 48' 42".92; meters +1,323, -527.
Longitude 89' 431 02".00; meters +49, -1,419.
Elevation: 376.72.
ToH28/4, azimuth 440 29', distance 1,040 meters.
TCE28/2, azimuth 2244 36', distance 2,388 meters.
Stone ))ost, in cultivated field; 850 meters back and southwest from Bishop landing,

M o.; about 150 meters west of church, and about 125 meters south of a wagon road.
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G) 51~ 11r.
Boar(d of Examination and Survey of AMississipp)i River, 1908. (Chart No. 8.)
latitude 370 48' 35".03; meters ±-1,080, -770.
Longitulde 890 38' 22".87; meters +560, -908.
Elevation: 374.43.
Torl O'OIarralh, azimuth 1620 16', distaJnco 1,502 meters.
ToD50 II, azimuth 3080 15', (listanCe 1,784 meters.
Two-inlch iron p)ipe, in Illinois b)ottomlan(d; 2 miles below Cora City, 111.; 9.5 feet

east of center of track of St. Louis, Iron Mountain and Southern Railway (Illinois
division) ; near point of intersection of tangents of fir.t curve below Cora City.

A LRVEE '99

United States engineer office, St. Louis, Mo., 1899. (Chart No. 8.)
*Latitude 370 48' 19".20; meters +592, -1,258.
Longitulde 890 40' 02".82; meterm ±09, -1,399.
To® Backbone, azimuth 3570 53' 52", distance 6,492.9 meters.
To®O'llarrah, azimuth 2260 00' 27", distance 2,762.2 meters.
Iron pipe, Onl Illinois shore; on a, small levee between road an(1 river2 and about 2

feet higher than road; 4 feet from edge of high bank; 331 feet north of pilintg at ulper
end of Liberty Bend revetment; 81 feet north of blazed cottonwood tree, and 38 feet
west of road.
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Mfissipsippi River Commission, 1888. (Chart No. 8.)
Latitude 370 48' 18".86; meters +581, -1,269.
Longitude 890 43' 31".79; meters +778, -690.
Elevation: Stone 370.93; pi pe, 376.03.
Tom28/3, azimuthi 2240 29', distance 1,040 meters.
Flat stone and iron pipe, in cultivated field; 1,800 meters back of Bishop landing,

Mo. References: To upper one of two buildings 1180 30' -385 meters; and to lower
one of two buildings 50 30' -275 meters. The four buildings stand on western side
of road running back from landing past the station and (lown the river.

At ILLINOIS.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 8.)
Latitude 370 48' 16".34; meters +501, --1,346 .
Longitude 890 4M 01".93; meters +47, -1,421.
Elevation: 372.30.
To1Backbone, azimuth 358° 03' 45", distance 6,403.9 meters.
To® O'llarrah, azimluth 2240 24' 22", distance 2,809 meters.
Iron pipe (set 1903) on levee, 3 feet high, on Illinois shore; between the river and

the wagon road fronij Hamilton Landing to W\agner Landing' five-eighths of a mile
below foot of liberty Island; 41 feet from high bank: and 38 feet above upper end of
bank protection marked by six clumps of piles.

® KILLION.

Mississippi River Commission, 1880-81. (Chart No. 8.)
Latitude 370 48'1 Y'.73; meters +331,-1,519.
Longitude 890 47' 27"'.73; meters +678,-790.
To® Lower Base, azimuth 247° 10' 32".49, distance 6,187.72 meters.
To®Backbone, azimuth 299° 11' 48".38, distance 12,750.39 meters.
To®Chester, azimuth 1700 2,9' 49".56, distance 11,219.89 meters.
To@O'Harrah, azimuth 260' 20' 36".46, distance 13,053.34 meters.
To® Rozior, azimuth 1210 47' 54".55, distance 12,845.01 meters.
To,& Kirk '03, azimuth 206' 30' 18", distance 7,620.3 meters.
ToAMausker '03, azimuth 2140 35' 26;/, distance 7,767.3 meterss.
TOA\Vtaters '03, azimuth 2250 19' 22", distance 6,100.5 meters.
ToA,Flag 31, azimuth 242° 16' 46"I distance 7,543.7 meters.
ToED29/2, azimuth 215° 05' 17"', distance 7,628.1 moters.
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Stole post, onl high bluff inl Aissotiri; back of Belgique village onl land of Thomas
Hleiss. To reach station from thle river, take the road froml Bel1giqeo to the lbluffs cross-
ing under railway before reaching Wi(low Burn's place; follow thle first road to tile left
along the foot of the bluffs about l mijle nearly to F. AMattingley', house; then cross
ssinlail ravinhe and ascend bluff. Blazed trees with spike ill center of blaze: 18-inch red
oak, 2850 -29.56 feet; 8-inch black oak, 750 -9.22 feet; 12-inch post oak, 550 -31.45
feet.

Board on ExaminIation and Survey of MiisiSsippi River, 1908. (Chart No. 8.)
Latitude 370 47' 59".29; meters +1,828, -22.
Longitude0 890 37V 25" .5X; meters +626, -842.
EleVation: 383.82.
To049 HI, azimuth 3070 42', distance 2,217 meters.
Trwo-inch iron pipe, in Illinois bottomland; 1Yj miles above Raddle station; 35 feet

west of center of track of St. Louis, Iron Mountain and SouthernlRailway (Illinois
Divisionn; o0)posite center of cut and on highest point of waste bank; near right-of-
way fence and1 15 feet below private road crossing to house.

A WVAGNER '03.
United States engineer office, St. Louis, Mo., 1903. (Chart No. 8.)
Latitude 370 47' 36".67; meters +1,131, -719.
Longitude 890 39' 38".89; meters +952, -516.
Elevation: 373.49.
Iron pi'pe, 6 inches above surface of ground, on Illinois hank; 805 feet below ware-

house at Wagner Landing; oIn a prominent point in pastures, ?'r ediately above a large
drainage (litch, and about 20 feet from top of bank. Statioii wvas established oln azi-
muth 2710 20', distance 15.86 feet froinAWagner '99 (oak stake).

E27

.Mississippi River Commission, 1888. (Chart No. 8.)
Latitude 37°47' 13".09; meters +404, -1,446.
Longitude 89°41' 03".30; meters +81, -1,387.
Elevation: 371.08.
Tot327/4, azimuth 89' 56', distance 864 meters.
Stolle post, near Jones Point, Mo., and back of Liberty Bar; 180 meters below lane

between property of Barney Hoover and William P. Faherty; on east si(le of fence at
road; 225 meters back of high bank and 190 meters south of right angle in road at
Jones Point,.
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Mississippi River Comnission, 1888. (Chart No. 8.)
Latitude 370 47, 13".06; meters +403, -1,447.
Longitude 890 41 38".61; meters +945, -523.
Elevation: Stone 372.02; p)ipe, 377.11.
Too27/3, azimuth 269° 566's distance 864 meters.
Flat 8to.1e and iron pipe, in Missouri bottom land; 1* miles northeast of Menfro,

Mo.; in cultivated field of William P. Faherty; 850 meters back of Jones Point;. 270
meters southeast of angle in roa(l; 350 meters westwardly from three buildings; annd 40
meters east of old slough 'in timber.

27

Mississmppi Bivl Cotiision, 1888. (Clhart No. 8.)
Latitude 37° 47' 12".66; meters +390, -1,460.
Longitude 890 39' 06",58; metters +161, -1,307.
ElOvation: Stone, 365.06; pipe, .70.15.
Flat stone and iron piplJ, 2 feet above surface of ground, in Illinois bottom land; 2-

miles above McLeans Point,; just. 2 meters east of fence, on east silde of county road;
oln lan(l of John Tudor; 75 meters south of house; 60 meters south of 5-foot elmn tree in
roa(I; 670 meters north from where line between townships 8 and 9 crosses thoe Wil-
kineou-Waginers Lanlding roa(l; ol east bank of old'slough, near itstupper en(l.
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A STONEN LINE NO. 2.

United States engineer office, St. Louis, Mlo,, 1899. (Chart No. 8.)
Latitudo 370 47' 12".92; meters +398, -1,452.
Longitude 89° 39' 26".40; meters +646, -822.
Elevation: 373.24.
Iron pip), 6 inches above surface of ground, on illinois shore; 30 feet from high baiik;

1,935 feet below warehouse at Whites Landing; 500 feet west of tall (lea(l blazed tree;
2,400 feet below mouth of large drainage ditch.

0( 1. B. M. 42.

Missisoippi River Commission, 1880. (Chart No. 8.)
Latitude 370 45' 09".74; meters +300, -1,550 (scaled from chart).
Longitude 890 40' 46".73; meters d-1,144, -315 (scaled from chart).
Elevation: 378.69.
Center of copper bolt, set horizontally in vertical face of natural rock at upper

extremity of Missouri bluff, about 640 meters below Grand Eddy, Alo. It is about 14
meters below extreme uipper point of the blulff rocks an(l the letters ''U. S. P. 13. AM."
are cut in the rock near t le bolt.
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Mississippi River Commission, 1888. (Chart No. 8.)
Latitu(le 37° 45' 41".04; meters +1,265, -585.
Longitude 890 39' 12".02; meters +294, -1,165.
Elevation.: Stone 364.21; pipe, 369.30.
Toi26/2, azimuth 310 56', distance 910 meters.
Flat stonle and iron pipe, in Illinois bottom landiv; at back edge of field owned by

Willimn Wilkinsoll; 1 meter from east-and-west fence; 20 meters from house ncar hea(l
of Wilkinson Islail(1; 600 mneters south and 150 meters cast of Pleasant Grove Hchool-
house at the southwest corner of section 3, township 9 south, range 5 west; 1,400 meters
back of McLeans Point; and 160 meters south of andl near the ul)cpr endl of narrow
slough.

QA BRICK HOUSE.

United States engineer office, St. Louis, Afo., 1899'. (Chart No. 8, station not
plotted.)

Latitude 370 45-'19".78; meters ±610, -1,240.
Longitude 890 41' 09".74; meters 4+238, -1,231.
Chimney, in north gable of brick house ol bluffs at Grand Eddy, Ao.

El 2

Mississippi River Commission, 1888. (Chart No. 8.)
Latitude 370 45' 16(".01; meters +494,-1,356.
Longitude 890 39' 31".68; meters +776,-693.
Elevation: 366.38.
TooFJ26/1, azimuith 2110 56', distance 910 meters.
Stone post, in Illinoi;, and near head of ol0( Wilkinson Island; 450 meters from left

bank of river; one-half mile northeast of Red Rock: Landing, AMo.; in cultivated field
on first ridge from river; 300 meters west from road and board fence around large field
of William Wilkinson; and 350 meters north of a levee. (Not found in 1908.)

A SIMPSON 209.

United States engineer office, St. Louis, Mlo., 1878; redetermined, 1893. (Chart No.
8, station not plotted.)

Latitude 370 46 07"'.87; meters +2'13,--l,607.
Longitude 890 40' 36".95; meters --905 -564.
ToASimpson 211, azimuth 2920 01'0i}, distlanco 1,060.7 meCterS.
Hole in rock, about 10 feet above low water;' 260 meters below upper end of the

first bluff below Grand Eddy, Mlo. (Covered in 1908.)
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IN FL'IAO311.

MisSisippi River Coniliissioln, 1880-81. (('haurt, No. 8.)
laltitudo 370 4'1 02".55; ineters -1-79,- 1,771
Lmoigi tid(l 89' §38' 51".83 ; imieters -1- 1 ,3'12,- 127.
Elev\ationi: 369.37.
To('G)Backbonel, azimuth 730 23' 39", dlistallce 1,488.4 mleters.
T1o® Foullntalin 11lutff, azimuth 29,5r 48' 13", (listanceo 14 550.1 meters.
,Stone post oln left bunlk, 1,200 meters al)ovc u)joer W\ilkilnso0 tiLadimig, 111.; 6 inrters

insi(1e of fenco ati roa(d; l)etweenI houses b)olotgigg to \Wilkinsoi alid 156 meters 1)(1OW
tho olle ocCulied l)by It. (C. 1 e(mmiig; and aI)OiuL 25 meters from e(dge of ol( rivNer maiik
(200 mieters from present bunik) ait foot of cottonwood lbr o0)J)osite e)(vils B3nckboite.

A 1IMIPSON 211.

IJnite(d States engineer office, St. Louis, aMo., [L878; redetermined, 1893. (Chlart
No. 8.)
Latitude 370 l4l'541".98; meters +,1695,-165.
Longitude 890 39' 56".78; meters +1,390,-79.
'ToASinipsoni 209, azimuth 112° 01' 26", (listanico 1,060.7 meters.
Hole in rock, onl Missouiri shore; at upstreamn end of 1)evils Backbone; about 12 feet

above low water; and 3410 mctemr below Red Rock 1,nl(ling, Mo.

(5) BIACKIBON=-=
[34

Missi8sippi River Commission, 1880-81. (Chart No. 8.)
Latitude 370 44' 48".74; meters +1,503,-347.
Longitu(le 890 39' 53".09; meters +1,300,-1(69.
E.levation: 668.13.
ToGO'lHarrah, azimuth 191° 45' 14".79, distance 8,587.07 meters.
Too Fountain Bluff, azim1tuth 2920 07' 23".96, instancee 15,681.23 meters.
Too\\Worthen, aznlimth 2610 08' 21"'.34, distancee .17,066.99 MIleters.
ToGKillion, azimuth 1190 16' 26".87, distance 12,750.39 meters.
ToA Illinois, azimuth 1780 03' 51", distancee (,,403.9 meters.
ToILjevee '99, azimuth 1770 53' 58" distance 6,492.9 llmeters.
ToA! Flag 38, azimuth 2890 09' 49", distance 10,511.2 meters.
ToAFl'ag 37, azimuth 2970 35' 41", distancee 10,852 meters.
ToA Flag 34, azimuth 2530 23' 04", distance 1,488.4 meters.
Stone post on top of hill in Aisouri; (Iirectly back of rock ledge known as 'Devils

Backbonle; tihree-eigghths of a mile below Red PIock, Mo. Stonle stan(ls o1 river si(le
of anl oak tree, the top of which was sawed off.

¢3 4911.

Boar(I on Examination and Survey of Mississippi River, 1903. (C(hart. No. 9.)
Latituie 370 47' 15".29; meters +471, -1,379.
LUngitude 890 36' 13".87; meters +339, --1,129.
Elevation: 373.55.
Toa'48 11, azimuth 3070 46', distanco 2,358 meters.
Two-immch iron pipe, in Illinois bottom landl three-quarters mile above Rad(lel rail-

road station; 9.5 feet Wveft of center of track of St. louis, 1ron Moun01tain all(l Southern
Railway (llliniois I)ivision); 30 feet Feuth of a roa(l crossing; 900f9eet below milepoAt 76;
550 feet below bridge No. I l1.

O WOR'THIEN.

Mississippi River Commission, 1880-81. (Chart No. 9.)
Latitude 370 46' 13".45; moterm +415, -1,435.
Lonigituide 890 28' 24"(,07; meters +-589, -880.
Too Flountain B11uff, azimuth 150 25' 12".S99, (listailce 8,848.,0 meters.
To(}3GBackbone, avzmiutlii 810 15' 23".25 distance 17,066.99 motors.
ToQO'llarrllfh, azimufntth 1110 02' 21"/.04, (listun1ceo 16,180.86 meters.
ToG Swallow Rock, azi multh 3250 27' 30".14, distant(' 10,560.46 meters.
ToAYlag 37, azimuth 430 32' 23", distance 10,641 mnwtterfi
'To(1)444, atzimluth 440 33, distanllco 5,6() meters.
Tol)(D46 I, azimuth 720 47', (listanc (1,770 meterH.
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Center of stone p)ost (topl) roken off) onna high 1)oint of Iliinois 1)1tiffs about I I miles
above point whero bluffs tWurn bnack forining upper boirundary of Bigf .413(1(1y Rtiver
bottom; about 3j mi les above Sand Rid(ge, Ill., on the( Illinois Centitrl ItRal road(; 2
miles northwest of Girirnsby on the St. Ioiis, Iron Motlaini and( Soulhern Railway
(Illinois division). A roa(l turning up bluffs one-lalf mile above K in kai(l bridge
la(ds past tho station about I I miles farther on. LandIl is owne(l lby Wortlhenj heirs anld
stations ifa few rods from line between their property and(l the rilroad( Ilan(ls. I I 908
the station was found in a low chicken house, the lanst remnant. of an ol(1 honestea(l in
small clearing.

(1) 48 11.

Boar(l on Examination and Survey of Mississippi River, 1908. (Chart No. 9.)
Latitude 370 46' 28".43; meters +877, -973.
Longitude 89° 34' 57".169; meters 4-1,412, --57.
Elevation: 373.92.
ToCD47 II, azimuth 3080 06', (listaneo 2,243 meters.
Two-inch iron pipe, in Illinois bottom land; 9.5 feet east of center of track of St.

Louis, Iron Mountain and Southern Itailway (111inois D)ivision); one-half mile below
Raddle station, and 3,50 feet above telegraph pole 77/20.

D) 47 IL

Board on Examination an(l Survey of Mississippi River, 1908. (Chart No. 9.)
Latitude 370 45' 43".53; meters -+-1,342, -508.
Longituldo 890 33' 45".58; meters -+-1,116, -353.
Elevation: 372.37.
To®D46 II, azimfiuth 307° 39', distancee 1,773 meters.
Two-inch iron pipe in Illinois bottom lan(1; between Jacob and la(l(lle, and 'I

miles from each; 1,5 feet north of mile post 79; and southwest of abandoned sawmill
on Laith's spur.

(D JONE.S 11.

Board on Examination an(l Survey of Mississippi Itiver, 1908. (C(hart No. 9.)
Latitude 370 45' 32".26; meters 4-995, -855.
Longitude 890 26' 32"..55; meters -l-797, -672.
Elevation: 549 (stadia).
To(DWyO 11, azimuth 380 17', distance 6,053 meters.
Two-inch iron pipe, on Illinois bluffs between Kinkaid Creek an(d Big Muddy- River;

on l)rolongation of tangent from Gorham to (iris11b))y, on llerrin Branch of S"t. Loulis,
Iron Mountain an(d Southern Railway (Illinois D)ivision); IS feet south of black oak;
50 feet north of white oak; 10 feet -w%(est of fence; 20 feet from intersection of fences;
west of orchard and 100 feet northwest of Jolnes's house.

(D 4{1 .

Board on Examination and Survey of MiSSissipi River, 19Q8. (Chart No. 9.)
Latitude 370 45' 08".39; meters +259, --1,591.
Longitude 890 32' 48".25; meters +1,181, -288.
Elevation: 370.66.
To® Fountain Bluff, azimuth 327° 44', distance 7,7131neters.
Two-inch iron pipe, in Illinois bottom land; seven-eighths mile above Jacob rail-

road stat ion 9 7 feet east of center of track of St. Louis, .,}ron Mountain an(l Southern
Railway (Illinois Divison); 55 feet south of milepost 80; 270 feet IIorth of beginning
of timber on west side ot rack. A small clunlp of scrub timber is on flat ground
directly east.

\WILKINSON.

United Stat(s engineer office, St. Louis, Mo., 1899. (Chart No. 9.)
Latitu(le 370 44' 55".92; meters +1,724, -126.
Longitude 890 38' 21"J1.99; meters, ±538, -931.
Elevation: 369.17.
TooFountain Bluff, azimuth 2960 30' 10", distance 13,738.3 meters.
To zSe-venty-six, azimuth 3260 08' 10"I, distance 3,835.8 meters.
Iron pipe, allout 330 feet above WVilkinson Upper Lauding, Illl, arid 100 feet from

high bank.
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AMSsiSSil)I)i River Commission, 1S88. (Chart No. 9.)
LatitudO 370 44' 50".72; meters -1-1,564, -286.
LJongitudo 890 35/ 54".90; meters ± 1,344, - t25").
ElevNtion: Stolle, 36:3.96; pipe, 369.05.
Too25/2, azimuth 380 25', distance 740 meters.
Flat Stone anld iron pip)C, in culti vatC(l ield( iii Illinois, and about 2 m11iles9 below

Lower W' ilkinson LaIndi ng; 30 meters northeast of a northwest-soitliheast felc(e; and
2410 meters nearly (ldue north of northeast corner of orchard. 'T'llis stone line intersects
the left bank about 180 ineters below Lowver Wilkinson Landing.

q) 45 1.

Board onl Examination and Survey of Mississippi River, 1908. (Chart No. 9.)
Latitulde 370 44/ 47".93; meters + 1,478, -372.
Longitude 890 32' 15".17; meters +371, -1,098.
Elevation: 369.416.
To®D44 1I, azlimuth 3080 04', distance 2,196 meters.
To®416 11, azimuth 1,270 55', distance 1,026 meters.
Two-inch iron pipe, iln Illinois bottom land; 9.6 feet east of center of track of St.

Louis, Iron Mountain and Southern IRailway (Illinois Division); 3() feet south of
bridge No. 118; 515 feet north of wagon roadl crossing track al)out 200 feet north of
depot at Jacob, Ill.

Q1) 44 I1.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 9.)
Latitude 370 44' 03".99; meters --123, -1,727.
Longitude 890 31/ 04".56; meters + 1 12, -1,357.
Elevation: 370.03.
To® Fountain 131uff, azimuth 3400 50', distance 4,804 meters.
To®Worthen, azimulth 2240 32', distance 5,600 meters.
To®43 II, azimuth 3070 49', distance 3,039 mneters.
Two-inch iron pipe, in Illinois bottom land; 9.5 feet west of center of track of St.

Louis, Iron Mountain and Southern Railway (111inois Division); 60 feet south of road
crossing; 40 feet southwest of signboard "One mile to Jacob;" 200 feet north of bridge
No. 120. A large two-story white house in cultivated field on east sCido of track is
about 1,100 feet from pipe.

E1 25

Mis8sissippi River Commission, 1888; redetermined, United States engineer office,
St. Louis, AMo 1899. (Chart No. 9.)

Latitude 37 4 43' 30".51; meters 4-941,-909.
Longitude 890 37'18".20; meters +446, -1,023.
Elevation: 393.24.
ToE125/2, azimuth 21P S1', distance 2,464 meters.
Stonle post, 1 foot above surface of ground on east side of Mis8ouri bluffs; in timber

about 15 meters west of its eastern edge and 15 meters back of railroad fence; 900
meters above Seventysix, Mlo., and 1,100 meters below Linnhoff Landing near first
creek above Seventysix. Eight-inch blazed hickory tree stands northwest 4 meters.
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Mississippi River Commission, 1888. (Chart No. 9.)
Latitude 370 43' 29".{43, meters 4-907,-943.
Longitulde 890 33 633".02; meters +1,298,-172.
Elevation: Stone 358.89; pipe, 363.98.
Tom 24/2, azimuti 00° 04', distance 816 meters.
Flat stone and iron pipe, in woods, 1 mile duo north from river b)ank, at a point 900

meters above Estell Landing, Ill. It is 400 meters west of the middle of the west side
of field belonging to Robert Mookel.
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A PINNZACLE.

Unite(l Stntes engineer office, St. L.ouis, Mo., 1899. (Chart No. 9, station not
)lotted.)
Latitude 370 43' 12".88; meters +397, -L,453.
Longitude 890 36' 56t".99; mieters +- 1 3961,-74.
Highest pionL of roof of house belonging to Mr. Hatch, on hill ju.st al)ove Seventy-

six, Mo., and 56 meLers west of ASevlentysix.

A SEN'VEN'TYSIX.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 9, station not
plotted.)

Latitude 370 43' 12".59; meters +388, -1,462.
Longitude 890 36' 64/".73; meters +±1 340,-129.
Too Fouiitain Bluff, azimuth 2860 113 02", distance 10,576 meters.
To® O'harrah, azimuith 1670 03' 33", distance 11,667.8 meters.
TOQAWilkinsonl, azimuithl14O 09' 33" distance 3,835.9 meters.
ToA Pinnacle, azimuth 990 02/ 16/", distance 55.9 meters.
Iron pipe, Het on Missouri bluff above Se,'ventysix, Mo.; at south eld of orchard, on

land of Mr. Hatch; and 175 feet from his house.

() 13 1.

Board on Examination and Survey of Mississippi River, 1908. (('hart No. 9.)
Latitude 370 43' 03".44; meters +106,,-1,7414.
Longitude 890 29' ?6"1.47; meters +6418,-822.
Elevation: 369.91.
TofD42 11, azimuth 3080 03/, distance 1,830 meters.
Two-inch iron piPe, in Illinois bottom land; 9.15 feet east of center of track of St.

Louis, Iron Mountain an(l Southern Railway (Illinois l)ivision); 210 feet above north
endl of bridge No. 123; and 360 feet above pIumping station at Gorhalm, Ill.

El 21

Mississippi River Commission, 1888. (Chart No. 9.)
Latitude 370 43' 02".96; meters +91, - 1,759.
Longituide 89' 33' 53".00); meters + 1,300, - 170.
Elevation: 36a3.92.
Too24/1, azimuth 1830 04', distancee 816 meters.
Stone post, in woods on left hank; 800 meters from river and opposite a point about
mile above Saw Mill Hollow in Missouri; 120 meters hack of dIry chute; 400 m11eters

below foot of small towhead; midway l)etween foot of Lacour Island and FEstell Land-
ing; and opposite a 1)oint 1 mile below Star Landing, Mo.

IDNWY If

Board on Examination and Survey of Missisipp)i River, 1908. (Clhart No, 9.)
Latitude 370 42' 58". 1; meters + 1,792, --58.
Longitude 895 29' 05".67; meters + 139, -1,331.
Elevation: 371.17.
ToD Jones IH.,'azimuth 2180 15', distance 6,053 meters.
A stake, in Illinois bottom land; at angle of ''Y,'' at west end of tangent between

Gorharn and Grimsby, of Herrin Branch of St. Louis, Iron. Mountain anld Southern
Railway (Illinois Division).

A FLAG 38.

Mississippi River Commission, 1880-81. (Chart No. 9.)
Latitude 370 42' 56".63; motors + 1,746, -104.
Longitude 890 33' 07".71; meters +189, -1,281.
Elevation: 360.65.
To® Fountain Bluff, azimuth 289° 10' 08"', distance 5,21.2.4 meters.
Tro®Backbone, azimuth 1090 13' 57", distance 10,511.2 meters.
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Stone post, oil left bank behind Hat Islandl (o0l location); about 1 mile above foot
of the samie and 2 miles above Cape Cinq(uie toiiom es, in Missouri; timber has been
partly cuit and a space of about I acre aroun(l stone is coml)aratively open; all around
it is thick underbrush and brier vines. Stone is 1 meter west of an 18-inech gum tree;
900 meters from river bank; and 5 meters east of a road.

24

Misiss ippi River Commission, 1888. (Chart No. 9.)
Latituleo 370 42' 13".18; meters +'106, -1,44'4.
Longitude 89° 33' 53".341; meters +1,307, -163.
Elevation: 383.73.
ToASimipson 233, azimuth 2710 37', distance 287 meters.
Stone post, oln front slope of Missouri bluffs; 60 meters from river bank; about 290

meters upstream from the Cumberland Rocks; and 800 meters above Saw Mill Hollow.

0 U. S. B. M. 33.

United States engineer office, St. Louis, Mo., 1872; redetermined, Mississippi
River Commission, 1888. (Chart No. 9.)
Latitude 370 42'' 12".34; meters +380, -1,470.
Longitude 890 33' 39".92; meters +978, -492.
Elevation: 350.77.
ToASimpson 233, azimuth 1130 16', distance 45 meters.
Raised square, cut on top corner of shelf of a large bowlder (Cumberland Rocks),

on Missouri shore; 830 meters above Saw Mlill Hollow; 6 meters from water surface at
low water; and back of second large bowlder below A Simpson 233. "B. MI. 33 " is
cut near the square, established by Smith in 1872.

A SIMPSON 233.

United States engineer office, St. Louis, Mo., 1878; redetermined, Mississippi River
Commission, 1888. (Chart No. 9, station not plotted.)
Latitude 370 42' 12".92; meters +398, -1,452.
Longitude/89°33' 41"/.61; meters +1,019, -451.
Elevation: 354.28.
ToA Flap 37, azimuth 2930 49', distance 566 meters.
ToEaU S. 13. M. 33, azimuth 2930 16', distance 45 meters.
To[D241,i, Azimuth 910 37', distance 287 meters.
Center of hole in large bowlder (one of three known as Cumberland Rocks), on

Missouri shore; 2 miles above Caie Cinque IHommesi 800 meters above Saw Mill
Hollow; and 200 meters below bridge 98-4, on the "Frisco" railroad. "U. S. 33" is
cut on bowlder near hole. (Sloevation given for Idwest point of rock surrounding hole).

A FLA0 37.

Mississippi River Commission, 1880-81. (Chart No. 9, station not plotted.)
Latitude 370 42' 05".51; meters +170, .-1,680.
Longitude 89° 33' 20"Y.49; meters +502, -968.
Elevation: 386.14.
To®&O'Harrah, azimnuth 1490 42' 35", distance 15,568.5 meters.
To® Fountain Bluff,.azimuth 2800 12' 38", distance 4,9'87.1 meters.
TogBackbone, azimuth 1170 39' 41", distance 10,852 meters.
ToeWorthen, azimuth 223'' 29' 22", distance 10,541 meters.
ToASimp6pson 233, azimuth 1130 49', distance 566 meters.
Stone post, on right bank; in Saw fill Hollow, about 1 miles above Cape Cinque

Hommes; 30 meters below creek; about 200 meters below point of very largo detached
rocks; 35 meters northeast' of point where creek jumps ledge; 2 voters northeast of
24-inch burr-oak tree, on point of hill 27 meters from river bank; and about 300 meters
above grassy valley, orchard and old log cabin.

(D 42 It.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 10.)
Latitude 370 47/ 26".83; meters +827, -1,023.
Longitude 890 28' 27/".62; meters +676, -792.
Elevation: 367.58
To®341 IL, azimuth 3450 57', distance 2,060 meters.
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A stake, in cultiYated(l fiel( in [lillois l)OttOin hlain, aiflne.r extremely northeast,
point of Fountain Bluff; 161.5 feet east of center of track of St. Jouis, Iroi Mounilitain
anid Southernll ailvay (Illinois D)ivision) an(l almost at p)oilit of ilntel'Section of tan-
gents; 2,000 feet below "Jroni Mountain " alnd'"Illinois Central " railroa(l clossilg,
which is 2,000 feet northeast of Leo Rock station, oil lllinois ('central Railroad.

E123
Mississippi River Commission, 1888. (Chart No. 10.)
Latitude 370 42' 01".45; meters +45, - 1,806.
Longitude 89° 29' 53".76; meters +1,317, -153.
EleVation: Stole, 372.75; pipe, 377.77.
To(A23/2, azimuth 600 40', distance 799 meters.
Flat stone an(i iron pipe, 100 meters above Illinois Central railroad station at Founl-

tain Bluff, Ill.; 16 meters northwest of railroad; in fence corner of field; 42 meters
south of ruins of burned house: 21 meters west of l)laze(l locust tree; and about 1,100
meters from river bank.
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Mississippi River Commission, 1888. (Chart No. 10.)
Latitude 370 41' 48".76; meters +1,503, -347.
Longitude 890 30' 22".17; meters +543, -927.
Elevation: 365.57.
ToeASimnpson 246, azimuth 3° 17', distance 1,169 meters.
To[323/1, azimuth 2400 40', distance 799 meters.
ToEl23/3, azinmuith 600 33/, distancee 1,852 meters.
Stonle post, in fence corner of field on land owne(l by F. Wells; between Fountain

Bluff (Ill.) railroad station and thle river; 700 meters from thle former nlld 325 meters
from the latter; onl west side of Mill Ditch and 170 meters South of bridge across it; and
2 meters from a walnut tree.

@ FOUNTAIN BLUFF.

Aliesissippi River Commission, 1880-81. (Chart No. 10.)
Latitude 370 41' 36".77; meters +1,134, -716.
Longitude 890 30' 00".16; meters +4, -1,466.
Elevation: 781.46.
To® Backbone, azimuth 1120 13' 26".72, distance 15,681.23 meters.
To®Swallow Rock, azimuth 2710 08' 43".28, distance 8,343.58 meters.
To®Silica, azimuth 100 49' 50".45, distalnce 9,261.35 meters.
To(& Vorthen, azimuth 1950 24' 44".19, distance 8,848.50 meters.
To® Big Aluddy, azimuth 3360 29' 59".48, distance 14,245.30 meters.
To®O'llarrah, azimuth 1380 20' 39", distance 19,186.2 meters.
ToeA Flag 34, azimuth 1150 53 ).0, distance 14,550.1 meters.
ToA Flag 37, azinmuth 100° 14' 40", distance 4,987.1 meters.
ToA Fla 38, azimuth 118° 12' 0:3", distance 5,212.4 meters.
ToAWilkinson, azimuth 1160 35' 17", distance 13,738.3 meters.
ToASoventysix, azimuth 106t 15' 16", distance 10,576 meters.
Center of hole in top of stolle p)ost, oll the highest part of Founltain Bluff in Illinois;

about one-half mile south of the Illinois Central railroad station at Fountain B3liuff;
and in the center of a woods road following top of ri(lge. Stone )ost is broken off
about 8 inches under groundl. The top has been fitte(d and placed over old part of
stone in ground and referenced by two United States Enghieer D)epartmenlit iron pipes,
about 1 foot above surface of ground Hst 3 metOrs due north an(l d(110 solth of center
of '9nIe, respectively. To reach station, enter Founitain Bluff Hollow (at railroad
station) turn up bluff to right and follow ridge until reaching hihihest pIoint. A installl
knoll toward river is a little higher than the ground at the station.

6D 411T.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 10.)
Latitude 370 41' 22".12; meters +682, -1,168.
Longitude 890 28' 06".74; meters + 165, -1,305.
Elevation: 374.79.
To®340 11, azimuth 356° 47', distance 971.4 motors,
Wooden stako, in Illinois bottom land; 3 miles above Cave Valley, Ill.; 500 mOOtrs

above railroad culvert for (iraiiage ditch; 7 feet inside of right-of-way fence and 32.3
feet east of center of track of St. fLouis, Iron Mountain and Southern Railway (Illinois
Division); near second polint of intersection of tangents 1)low (Gorhaml, IIi.
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ED SWALLOW ROCK.

Misisslpp~i River Conmisslion, 1880-81, (Chart No. 10.)
Latitude 370 41' 31".23; motors +963, -887.
Longitude 890 24' 19".67 ; motors +482, -988.
To® B.ig AMuddy, azimuth 110 43' 05".90, distance 13,168.78 motors,
To \Worthen, azimuth 1450 29' 69"1.70, distance .io56046 motors,
To 1Fountain Bluff, azimuth 910 12' 1i".46 distance 8,3413.68 motors,
Center of stone )ost, in Illinois; on top of high bluff known asSwallow Rock; nearly

east and 4 miles from upper end of Fountain Bluff; and i j miles north of Cedar Creek
flowing into Big MuddyRlver, To reach station, cross 1ig4 AtMuddy River near lower
end of Swallow Rock Cf1lff, and go up valley of Big Run Creek to a point where a stitiam
leaves the cliff, then follow cliff to the highest point of hill whoroe tation is situated.
Top part of stone isbroken off.

23
Mississippi River Commission, 1888, (Chart No. 10.) -

Latitude 370 41' 19",23; motors +593, -1,257.
Longitude 890 31' 27"9.98; meters +686, -784.
Elevation: 386.11.
ToASimpson 246, azimuth 2790 25', distance 1,567 motors.
ToE23/2, azimuth 2400 33', distance 1,852 motors.
Stone post, on side of Missouri bluffs at Ca1)o Cinque Ifommes; 2j. miles above

Wittenborg, Mo.; on land of Estoll and WeirnholId, 1 meter west of a north-and-south
fence; 250 meters from river bank; and 600 motors abovo mouth of Owl Creek.

A SIMPSON 246.

United States eng,ineer office, St. Louis, Alo,, 1878; redetermined, Mississippi River
Commission, 1880-81, (Chart No. 10.)

Latitude 370 41' 10;',91; meters +330, -1,61 .
Longitud 90 30 24".90, meters +610, -860.
Elevatin 346.90.
ToASimpson 2418 azimuth 190 56V 17", distance 1,467.1 inetors.
ToM23/2, aziiitii 1830 17', distance 1,169 meters.
Too23/3 azimuth 990 25', distance 1,567 metors..
Center oi hole in large bowldor, on Illinois shore, on west side of FoUntain Bluff;

nearly opposite the mouth of Owl Creek in Missouri; a short distance below where the
Illinois C'ontral Railroad leaves the river; 105 meters below upper 011(1 of large bowlders
on left bank; 45 meters below railroad )ost marked "C.. Al. 91-56,$" and .1 15 meters
below post marked "U01. At, 91-49;" 3b meters upstrean from a largo bowider close to
railroad track on river side, the onl1y one near railroad in this vicinity; and about 20
feet above low water. " U. S. 46 " is cut in rock 2 feet north of hole,

ED 4o ii.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 10.)
Latitude 370 40' 60".66, meters +1,662, -288.
Longitude 890 28' 04".51; meters +111, -1,360.
Elevation: 376.61.
ToaD39 1, azimuth 3570 15', distance 1,487 meters.
Two-inch iron pipe, in Illinois bottom land; 21 miles above Cave Valley, Ill.; 450

meters above drainage ditch and open railroad culvert; 10 feet east of center of track
of St. Louis, iron Mountain and Southern Railway (Illinois division); 20 meters south
of road crossing, about 20 meters southwest' of barn, and 10 meters southeast of mile-
post 87.

A SIMPSON 248.

United States engineer office, St. Louisj Mo., 1878; predetermined, Missisippi River
Commission, 1880-81. (Chart No. 10.)

Latitude 370 40' 26".18; meters ±807, --1,04:3.
Longitude 89' 30' 45".31, meters +1,110, -361.
Elevation: 371.28.
To&Simpson 246, azimuth 1990 56' 05", distance 1,467.1 meters.
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One andlone-half inch hole, 4 inches doeep, in ridge of largest rock on west side of
F'ounja~fi3Bluff, Illinois shore; 3 miles above Ill{i oi Central railroad station at Grand
To()w&er, I1.; 5600) meters above Trestle Hollow; 30 meters west of Illinois Central Rail-
road; 6 meters South of railroad post, on east 5(ide of track, markedly 0(. MI. 92-43; and
about twto-thirds distancee along ridge ot rock from the lower end, '" U. S. 48 " is cut
in rock 3 feet south of hole. The blench mark is point of rock 2 inches upstream from
the hole, elevation thorefor oIl chart, being 0.20 foot too high.

a3 1i.

Board on Examination and SurVey otMississippi River, 1908. (Chart No. 10.)
Iatitude 370 40' 02"',47; meters +76, -1,774,
Longitude 890 28' 01".59; inoters +39, -1,432,
Elevation: 366,.5.
ToD38 11, azimitih 3lO60 53'(li3tance 2 366 meters,
A stako, in Illinois bottom land; inmiles above Cave Valley, Ill.; 9.5 fWt west of

center of track of St. 1,ouis, Iron mountain and Southern Railway (Illitois divisionn);
2,230 feet Mouth of headblock to Johnsi Spur; 2,000 feet south of sawmill; and 300 feet
north of milepost 88.

A SIMPSON 260.-

United States engineer office, St. Louis, Mo., 1878; re(leternlined, 1899, (Chart
No. 10,)

Laltitu(le 370 39' 56".09; motors +1,729 -121,
Longitudo 890 30' 49".22; motors +1,2060, -264.
Elevation: 369.65.
ToA liakeoven, azimuth 1° 18' 25", distance 2,556,8 meters,
To'ASimlpson 2419, azimuth 15° 52'1", distancee 2,025,5 meters.
ToA Roadl aziimith,600 18' 42", distani'eo 885.9 meters,
One-inch hol, 3 iliches (lOp 1 mother north of south enld of large salnd bowl(ler on

left bank of river where it begins to leave Fountain Bluff; aboutt 120 meters above
ruins of ol(1 dry dock; 2& miles abovo railroad station at Grand Tdwer, Ill., 450 meters
below Trestle Hollow, il lPonttaill Bluff; and 30 motors west of Illinois 6dentral IRail-
roa(l, " . S, 0'0" is cut in the rock I meters northeast of the hole, There are two
iron ring bolts in this samo0 bowler, al(l the elevation of the lower or downstreamm one,
3 meters north of the triangulation mtatioli, is 368.79.

A itUoki).

United States engineer office, St. LOlis, Mo,, 1899. (Chart No. 10.)
Latitude 370 39' l1",85; motors +1 ,290,-560.
Longitude 890 31' 20",02,; meters -1-505,-967.
ToA F'airview, aziiiitith:3210 50' 51" distance '1,021,7 meters.
ToATowor, azimuilthth348° 47' f)7", distance 3,554.9 meters,.
ToASimpson 2419, azimuth 3510 51' 51", distance, 1,524.9 moteri.
ToASim pson 250, azimuth 2410° 18' 23", distance 885.9 meters.
ToA 131uff, ayfin uth 285° 15' b55), distanico 1, 421.6 motors.
Too 22/3, azimuth 3530 49' 21", distance 1,516.3 meters.
Iron pi in \Missouri, set ill middle of farm road running houlth of east and directly

toward A 1317iff in Illinois; 500 meters above " Frisco" railroad sLation at Wittenoer ",Alo onl first ridge or terrace, 150 meters from. river; a large lone treo is 75 meters soutII
of tdle road at a point 110 meters west from the station. (Station is incorrectly
1)lotted oln chart.)

A BLUFF.

United IStates engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 39' 29",71; meters +916, -934,
Longitude 890 30' 24//.0;7; meters +605, -860.
ToA Fa'irview, azimuth 3380 14' 55", distance 3,002.2 meter,.
ToATowor, azimuth 120 20' 51"/, distance 3,186,5 meters.
ToA Road, azimuth 1050 16' 29", distance 1,421.6 meotrs.
ToAS.im'pson 249, azimnuth 450 31' .11", distance 1,620 meters.
To 3 22/3, azimuth 460 50' 46", distance 1,656.5 meters,
One-haIf inch home surrounded by triangle in high ledge on south ond of FPountain

Bluff, on left bank of river; 2 miles above Ilinois Central Railroad station at Grand
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Tower, II.;I a little west of l)rolongation of lineHof railroad t engent, running through
ut-int)lutff nd( oit to rivor, To reach Htation from river, lan( at small creeokat lower
end of ouRntinl Bluff and follow road southeast to farmhouse, a little more than onie-
quarter mile from river; then take path which loadH 1p the bluff, na(n walk along e(lge
of bluff toward river until on line With railroad tangent through c(ut in bluff above
Grand Tower.

l(D CRAWSIHAW II,

Board on Bixamintiotnl and Surveyo of Misissippi River, 1908. (C(hart No. 10.)
Latitudeo 370 3V 06"161 meters +204 -1,J.46
Longitudlo 890 29' :37".97; motor +9A1,'-540,
ToA Falirviow, aziniutth 00° 54', (listanco 2,076 meters.
To A Grand, azimtuth : 1° 40', distance 2,331 motors.
Tvo-inch iron pipe, on extreme southwest point of Fountain Bluff' about 2 miles,

along public road, abovo Gratn dPower, I II.-; I j miles west of Cave Valley, 11,' on tol)
of high point or.knoll on land of Mrs. Mfinnlio Crawshaw; about 150 foot north of edgeoI
ofsharp l)reak in the slope of the hill; 450 foot north of smaller point or knoll I which is(110,norethof houseoccupied lhy Wn. ,South; al]o nearly on line with two housesin cil-
tivated field andn(lAGrand on bluff immediately above Grand Tower; a wagon road
from South'sbarnyard to top of ridge pases 6 foot south ofpi)1.

Mis.sissippi River Commission, 1884; redetermined, United States engineer office
St. Lollis Mlo., 1899, (Chart No. 10.)

ILatitu(do 370 38' 52",96; motors +1,6133,-217.
Longitude 890 3V1 13"1.96; meters +342, -1,129.
Elevation: 430.,39.
ToA Bluff, azimuith 2260 50' 16"', distance 1,65f,5)meters.
ToARoad, azimuth 1730 49' 25", distanceel1,516.3 miotors.
ToASimpson 249, azimuith 2720 06', distance 53 meters.
Top of stone post, 15 inches abovo surface of groun(l, on easternl slope of Misouribluffs; 500meters below Wittenberg, Mo.; about 5 meters back from siding banik,duo to railroad cut,; (10meters southwest of Government light tknd 60fOmeters from right

bank of river. AJO-inch walnuit treestands 5 meters west and an 8-inch oak 5 meters
south, each blazed with a triangle facing stone.

A SIM PSON 249.

United States engineer office, St. Louis Mo. 1878; redetermined, 1899, also by
Mississippi River Commission, 1880-81. : hartat 'o. 10.)

latitude 370 38' 52".89; meters +1,631, -219 (1899),
Longitude 890 31'11".82;meters +290, -1,181 (1899).
Latitude 370 38' 52".95; meters +1,632, -218 (1880-81).
Longitude 890 31' 1l".75;meters+288, -1,183 (1880-81).
Elevation: 350.43.
ToABake Oven, azimuth 3200 48' 01",distance 784.3 meters (1899).
ToQIBluff, azimuth 2250 30' 42", distance 1,620 meters (1899),
ToARoad, azimuth 171051 56", distance 1,524.9 meters (1899).
To,ASimpson 250, azimuth 1950 52' 05", distance 2,025.5 meters (1899).
ToA Simpson 250, azimuth 195051' 44", distance 2,023.8 meters (1880-81).
ToA Flag 40, azimuth 3090 59' 35, distance.903.2 meters (1880-81).
To 22/2, azimuth 2720 12', distance 1,063 meters (1884).
To [D 22/3, azimuth 92006',distance 53meters (1884).
One and one-half inch hole, 3 inches deep, in smooth ledge of rock sloping toward

the river on first prominent point below and 500 meters from Wittenberg, Mo.;1
meter east of high edge of ledge and about 20 meters from water's edge at low water.
"U. S. 49 " is cut in rock 2& feet northwest of hole.

(;) 1',13. M.1,r?.
Mississippi River Commission, 1880. (Chart No. 10, position not determined.)
Elevation: 369.41.
Center of copper bolt leaded horizontallyin stono foundation wall of flour mill atWittenborg, Mfo.; onl Mi(de of mill facing the river; between the ground floor door and

down-river corner.
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p2~
MiASippi River Commission, 1884. (Chart No. 10.)
Latitude 370 38' 61",03; meters +1,592, -268.
Lolngitl(1lo 890 30' 28".41; meters +690, -795.
Elevation: 373.64.
ToA Flag 40, azimuth 340 27", distance 655 motors.
ToA Simpson 249 azimuth 920 12', distance 1,063 meters.
Stone pot, in scooilhouse yard, on lkft bank of river; 1,850 meters above Grand

Tower, 1l,; 80t) meters above 1)evil8 Bake Oven; 250 meters from river bank; 73
meters cast from railroad track; 16 meters from northeast corner of schoolhouse; and
3 meters from northeast corner of yard.

(1 38 11.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 10.)
Latitudeo 370 38' 45".83; meters + 1,413, -437.
L ongitu(le 890 27' 56".33; meters +1,381, -90.
Elevation: .366.87. -

ToD37 11, azimuth 3570 12', distancee 1,857 meters.
A stake, in Illinois bottom land; 10 foot cast of center of track of St. Louis, Iron

Mountain an(1 Southern Railway (lllinois D)ivision); 150 meters. south of sawmill at
Cave Valley, Ill.; about 17 meters west of spur track; and 150 meters south of head-
block.

A FLAG 4.0

Mississippi River Commission, 1880-81. (Chart No. 10.)
Latitude 370 38' 34//.12; meters + 1,052, -798.
Longitude 890 30' 43".62; meters ±1,067, -404.
Elevation: 374.33.
ToASimpeon 249, azimuth 1290 59' 52", distancee 903.2 meters.
To t3 22/2, azimuth 2140 27', instancee 655 meters,
Stolle post, on left bank; 1 mile above railroad station at Grand Tower, III.; 200

meters east of D)evils Blake Oveh; 70 meters from river hank; 80.5 meters northeast
from the northeast corner of Mrs. Howard 1Oliphant's house; 58.7 meters from fence
running parllel with river; 41.1 meters northwest of fence corner; and.j2 meters
from an east-and-west fence.

A BAKE OVEN.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 38' 33".17; meters +1,023, -827.
Longitude 890 30 61".60; meters +1,265, -200.
Elevation: 368.89.
ToASimpson 249, azimuth 1400 48' 14", distance 784.3 meters.
ToA Simpson 250,'azimuth 1810 18' 23", distance 2,656.8 meters.
Iron pi o, about 10 feet from left high bank I mile above railroadi station at Grand

Tower, lL; directly back of and about 150 loet upstream from Devils Bake Oven;
80 feet downstream from large walnut tree; 50 feet north of b'lazed sycamore; an(l
8 feet from oak poet in barbed-wire fence.

A GRAND '99.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 38' 02".25; meters +69,-1,781.
Longitude 890 30' 27".88; meters +684,-787.
Elevation: 622.80.
To®§ Bi~t MAuddy, azimuth 31B° 23' 52", distance 9,058.2 meters.
To®Siltca, azimuth 230 07' 46", distance 2,699.7 meters.
TosAlc Lean, azimuth 3270 29' 22", distance 2;040.6. meters.
ToANMouth, azimuth 150 26' 24", distance 5,644.5 meters.
ToAChurch Spire, azimuth 3160 03' 49", distance 978 meters.
ToA Fairview, azimuth 274.0 25' 13", distance 1,194.8 mieitern;.
ToAFlag, azimuth 3370 61' 55", distance 4,184.A meters.
ToATower, azimuth 550 21' 39", distance 732.6 meters.
lron pipe, set on highest point of hill iuunediately north of the coal dumip and the

main part of Grand Tower, 1ll.
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A FAIRVIEW.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 37' 59".26; meters +1,827,-23,
Longitude 895 29' 39'".29; meters +964,-508.
Elevation: 472.40.
To®Silic1, asziluth 430 17' 38", distance 3,284 meters,
To@1Big Muddy, azimuth 3200 53' 35", distance 8,193.8 motors.
ToAGrand '99, azimuth 940 25' 43", disne 1,194.8 meters.
ToA Bfluff, azimuth 1580 11' 23", distance 3,002,2 meters.
ToATowor, azimuth 790 46' 35", distance 1,823,1 netors.
ToAChurch SpirWe, azimuth 390 57' 10"', distance 798.5 meters.
ToA Flag, azimuthf:3544 11' 31", distance 3,803.5 meters.
ToAMouth, azimuth 260 44' 27", distance B,988,8 meters.
ToARoad, azimuth 1410 61' 63" distance 4,021.7 meters.
Iron pi e, on east end of ridge ofGrand Tower, Ill., and southeast of graveyard; at

point of timber and under large white-oak tree.

A TOWER.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 37' 48".74; meters + 1,603, -347.
Longitude 890 30' 62".46; meters -- 1,286,-185,
ToAFairview, azimuth 2690 44' G0" distance 1,823.1 meters.
To&Grand '99, azimuth 2350 21' 24", distance 732,6 meters.
ToA Me Lean1 azimuth 3070 30' 08", distance 2,142.3 meters.
ToAflutff, azimuth 1920 20' 34", distance 3,186.5 meters.
ToARoAd, azimuth 1680 48' 14", distance 3,i54.9 meters. -
Iron pipe, in Missouri; on west side of highest point of hill south of Tower Rock and

opposite Grand Tower, Ill.; about 16 fe.t east of a blazed oak tree, the only tree on
crest of hill. (Not found in 1908.)

(D 37 It.

Board on Examination and Survey of Mississippi RIiver, 1908. (Chart No. 10.)
Latitude 370 37' 45".66; meters +1,408,-442.
Longituide 890 27' 52".64; meters +1,291,-181.
Elevation: 365.77.
ToGY36 H, azimuth 3570 03' distance 2,215 meters.
A stake, in Illinois bottom land; 9.5 feet west of center of track of St. Louis, Iron

Mountain and Southern Railway (Illinois D)ivision); 40 meters south of southeast
corner of depot at Ilowardton, III.; 4 meters south of cattle guard; and 13 meters south
of road crossing.

A CHURCHI SPIRE.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 37' 39",41; meters +1,215,-636.
Longitude 890 30' 00".20; meters +±5-1,467,
Center'of tall white church spire in Grand Tower, Ill.

A MC LEAN.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 37' 06".43; meters +198,-l,652.
Longitude 890 29' 43".16; meters +1,059,-413.
Elevation: 361.48.
ToATower, azimuth 1270 30' 50", distance 2,142.3 meters.
ToAGrand '99, azimuth 1470 29' 49", distance 2,040.6 meters.
Iron pipe, in field, owned by George Wolf, one-half mile south from old furnace

dumip at Grand Tower, Ill.; 160 feet from river bank; 4 feet east of fence on east side
of road to Grand Tower; and about 200 feet upstream from Wolf's house.

@ SILICA.

Mississippi River Commission, 1880-81. (Chart No. 10.)
Latitude 370 36' 41".72; meters + 1,286, -564.
Longitude 890 31' 11".11; meters +273,-1,199.
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TooBigMuddy, azimuth 298° 07' 08".58, 'distance,88414 61meters.
To@Rich, azimuth 3250 37' 11".79, distance 13,603'4g meters.
To(Indian Qreek, azimuth 3530 44/ 54".04, distance 10,609.97 meters. -
To@Fountain Bluff, azimuth 190A49' 07".10, distance 9,261.35 meters.
ToFairview, azimuth 2230 16' 42", distance 3,28-4`meters,
ToAGrand '99, azimuth 203° 07' 18", distance 2,699;.7 meters.
Stone post, on a prominent peak on Missouri bluffs; about one-quarter mile below

head of Grand Tower Island; one-quarter mile below railroad trestle over Pattons
Creek; and directly back of silica banks.

@36 H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 10.)
Latitude 37:036' 33".91; meters +1,046, -805,
Longitude 890 27' 47".98; meters +1,177, -296.
Elevatlon: 363.07.
To@35::1, azimuth 3670 O1' distance 1,643 meters.
To@DCometery I azimuth:820 61, distance 2,297 meters.
To 3RlverBluff, azimuth 2520 32', distance 2,784 meters,
Two-inch iron pipe, in Illinois bottom land; 1.4 miles below railroad station at

Howardton, Ill.; 11,3 feet west of center of track of St. Louis, Iron Mountain and
Southern Railway (Illinois division); 265 feet above milepost 92, and 725 feet south
of bridge No. 127.

-21

Mississippi River Commission, 1884. (Chart No. 10.)
Latitude 87036' 33".76; meters +1,041, --809.
Longitude 890 28' 34".23; meters +840, -632.
Elevation: 363.26,
To El 21/2, azimuth 580 13', distance 746 meters,
Stone post, at edge of cultivated field'and small timber in low ground; 400 meters -

east of Illinois Central Railroad tracks, at a point 2 miles south from the station at
Grand Tower, III.; 800 meters back from left bank of river, at head of Big Muddy
Island; 136 meters south of fence, and 176 meters north of road.

21

Mississippi River Commission, 1884. (Chart No. 10.)
Latitude 370 36' 21".02; meters +648, -1,202.
Longitude 890 29' 00".08; meters +2, -1,470.
Elevation. 363.90
ToE]21/1, azimuth 2380 13', distance 746 meters.
ToE]21/3, azimuth 580 12' distance 1,318 meters.
Stone poet, on land pf Gilbert Gay, in Illinois bottom land; 2 miles below Grand

Tower, Ill.; 325 meters west from Illinois Central Railroad; 215 meters above old
chute behind Big Muddy Island; on northeast side of Grand'Tower road; one-half
meter north of fence at southwest edge of orchard; and 6 meters above a large elm tree
on land of Wilson, on opposite side of road.

21

Mississippi River Commission, 1884. (Chart No. 10.)
Latitude 370 36' 68"'.60; meters +1,804, -46.
Longitude 890 29' 45".75; meters +1,122, -350.
Elevation: 360.65.
Too 21/2, azimuth 2380 12', distance 1,318 meters.
Stone post, on small ridge on east side of Grand Tower Island; 1,500 meters below

head of island; and 25 meters from the main high bank;--three blazed, 12-inch cotton-
wood trees face the stone.

A FLAG.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 36'56".52; meters +1,743, -107
Longitude 890 29' 23".60; meters +579, 893.

JI, Doc. 60, 61-1-30*
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ToeBig Muddy, azimuth 2980 17' 20", distance 5,42.1 meters.
ToA&Orranid '99, azimuth 1670 62' 35", distance 4,184.4 meters.
To& Fa'irv~iow, azimuth 1740 11' 41", distance 3,803.5 meters.
Iron pipo, on east side and 1 mile below the head of Grand Tower Island; about 80

feot north from bond in wire fence where line of cottonwood timber commencw; 4
feet cast from fence and between two poets marked with triangles.

A LINE NO. 2.

United States enineer office, St. Louis, Mo,, 1899. (Chart No. 10.)
ILatitudo 370° 356 23.14; meters +713, -1,137.
Longitude 890 31' 25/" 99;, Mnete +638,-7N4
Elevation: 371.08.8,
To lindian Crook, azimn it.h 3490 23' 36" distance 8,265 meters.
To'Bli Mud(ldy, azimuth 2810 12' 34", distance 7,938 motors.
Iron fpe, onhni h river bat)k; in Mio ri opocite timber line on lower end of

Grand Towerl"an,; 126 feet south of John 6Jleary's house; and 3 feet east of wire
fence near the river.

A POINT NO. 2.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 10.)
Latitude 370 351 0O".0O; meters 0, -1,850).
Lo,gitudlo 890 30' 53".74; motors +1,319, -153.
To A Moltth, aiziluitl°h1010 33' (1distatlno 88Fl.I meteors.
Iron pipe, in cultivated fiold in Illinois' ozi lower oixnt of old Big Muddy Island, at

mouth of Tower Bond Chute atndl oppofto tho lowor end of Grand Tower Island.
Station is in line with and between a largo pecan tkoee in fleld and a blazed cottonwood
tree in edge of timber about 135 feet west of the station. (Not found in 1908.)

tt RIVER BLUFF II

Boardon Examination and Surveo, of Missisippi River, 1908. (Chart No. 11.)
LIatitude ;37° 37'01".01; meters +31,, -1,819.
Longitude 890 25' 59".69; meters +1,464, -8.
To$36 UI, azimuth 720 33';distance 2,784 meters.
TosCemetery 11, azimiuth 170 13', di tance 1,409 motors.
A stake, on center of knoll oln Illinois bluffs, 4 miles east of Grand Tower, Ilt about

2 miles southeast of Ilowardton, Ill.; II miles above line between Jackson and Union
counties and I of a mile below Rattlesnake Ferry on the Big Muddy River; 60 feet
from edge of bluff, 60 feet from Big Muddy River; 15 feet north of burnt white oak
snag; 10 feet east of white oak; and 6 feet west of hickory tree blazed on bluff side.
A small log cabin is on the river bank just below the Station.

6) CEMETERY H.

Board on Examination and Survey of Missis ipi River, 1908. (Chart No. 11.)
Latitude 370 36' 17" .33, meters +534, -,31T
Longitude 890 26' 16".71; meters +410, -1,062.
Elevation: 615.5 (stadia).
To®Big Muddy, azimuth 3560 30', distance 3,222 meters.
ToW34 II, azimuth 410 24', distance 3,159 meters.
To6D36 H, azimuth 1020 62', distance 2 297 meters.
A stake, on highest point of Illinois bluffe along the Big Muddy River; 4 miles south-

east of Grand 'Tower, ll_-, 2 miles south of Ilowardton, Ill.; one-half mile above large
hollow or ravine, due oafl-; 1& tniles from a point where the wagon road, between Jack-
aon and Union counties; and leading to sawmill in same hollow crosses the St. Louis,
Iron Mountain and outermm RXailway(Illinois division). rhe station is directly
above a cemetery on hillside, and 10 feet southwest of black-oak tree blazed with
symbol "." I

(D 36 H.

Bofrd on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 35' 40".69; meters +1,254, -596.
Longitude 890 27' 44".60; meters +1,092, -380.
Elevation: 361.59.
To(D34 11, azimuth 3570 02', distance 1,243 meter.
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Two-inch Iron pipe, In Illinois bottom land; 2j miles blow Ifowardfon, Ill.; 10

feet west of center of track of St. JLouis, Iron NMountain. and ,Southern Railway (Illnois
division) 150nieters above milepost, 93; 320 feet above (3nd of first cut aBovo Big
Muddy Aivor; and niorthwest of house occupied by I{. 1B. Ilenson, 200 feet east of
track.

A MOrlTTr.
United stateo0engineer office, St. Louis, Mo., 1899. (Chart No. 11.)
Latitude 370 35V 05".70; meters +178, -1,672.
Longitude 890,31' 29".13; meters +715, -757.
Elevation: 369.48,
ToAGrand '99, azlimuith 1950 26' 46", distance 5,644,5 Mbeters.
Tot&Point No. 2, azimruth 2810 33'S 23"/ distance 886.4 meters,
ToAFairview, az7imuth 2000 43' 20", distance 6,988.8 meters.
Iron pipe on high bank inr Missouri, opposite mouth of chuto in Tower Island

Ben(l; 14 miles above railrQ4d trestle over Apple Creek; above flt shelving rock on
shore; and about 30 feet below small ravine.

a 34If

Board on Examination and Survey of Mississippi River, 1908, (Chart No, 11.)
Latitude: 370 35' (0.43; meters + 13, -1,837.
Longitude 890 27' 41".87; meters +1,027, -445.
Elevationt: 361.88.
To®) Big Muddy, azimuth 2900 18', distance 2,438 meters.
To033 H1, azimuth 3310 42', distance 1,674 meters.
Two-inch iron pipe,.ln Illinois bottoiI land' 3j mnils below Wowardton Ill.; 10.1

feet west of center of track of St. Louis, Iron Mountain and Southern Railway (Illi-
nois division); 340 feet south of telegraph pole 93/20; near upper point of first curve
above Big Muddy River; 800 feet south of road crowsing; and opposite log cabin and
shed In cultivate(i field,

b BIG MUDDY.

Missiesipi River Commission, 1880-81. (Chart No. 11.)
Latitudo 370 348 32",97; meters +1,016, -834.
Longitude 890 26' 08"/.67; meters +213 1,260
To®Silica, azimuth 1180 10 i3".W9, distance 8 414,61 meters.
To® Fountain Bluff, azimuth 1560 :32' 20" i83 distance 14 245.30 meters.
To® Indian Creek, azimuth 430 38' 48".47, distance 9,08d.99 meters.
To(Swallow Rock, azimuth 1910 41' 59".43, distance 1:3,168.78 meters.
ToAGrand '99, azimiuth 1360 26' 31", distance 9,058.2 meters.
ToA Flag, azimuth 1180 19' 19", distance 6,432,1 meters.
ToA Flag 43, azimuth 80° 5047", distance 8,168.3 meters (1880-81).
ToAFlag 43, azimuth 80° 50' 54", distance 8,168.9 meters (1899).
ToA airview, aziliuth 140° 55 43", distance 8,193.8 meters.
To@33 H, azimuth 670 13', distance 1 620 meters.
Stone post, on high bluff in Illinois; a tut 5 miles southeast of Grand Tower 111.;

due east from bridge of the St. Louis, Iron Mountain and Southern Railway (Illinois
division) over Big Muddy River; and about 14 miles down the bluffs from Kings
Ferry. To reach station from Mississippi River, go via Big Mruddy River to a ferry
and road about 4 mile above " Iron Mountain" bridge; take road to bluffs, thence
south about 4 mile to a point where road turns into a valley, just above a white frame
house; from this point go southeast, up northwest slope of bluff, directly to station
on prominent point of highest ridge.

@ 33 H.

Board on Examination and Survey of Misisslippi River, 1908. (Churt No. 11.)
LatitudeV370 34' 12".b1; meters +386, -1,464.
Longitude 89° 27' W09.45; meters +232, -1,241.
Elevation: 362.21.
To@Big Muddy, azimuth 2470 12', distance 1,620 meters.
To@Albridge H, azimuth 285° 40', distance 1,294 meters.
To@32 11, azimuth 1° 36', distance 2,525 meters.
Two-inch iron pipe in Illinois bottom land; 1I miles above La Rue; 7 feet east of

center of track of St. iouis, Iron Mountain and Southern Railway (Illinois Division);
2,400 feet below " Iron Mountain " bridge over Big Muddy River; 3 feet south of road
crowing and near lower end of first curve south of the Big Muddy Rivor.
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0 A)l)UFOP HI,
Board on IJxaminatlon aind Survey of MIisSissl)pp River, 1908. ((Chart No. 1.)
Latitude 3l7°0 34. 01",27; motors +39, -1,8 1.
Longitude 890 20' 18".47}3; meter +460, -1,013,ElevatlIfon: 823.9 (stadi),
Toe Iliug Mud(dy, izlilluth 1940 10', (ltn :1,008 meters.
A stake, onArrt lirominenlt. p)(ohit, of lllilljis bluffs below, Big Muddy; northeast-

wardtly At'and iliesjfrom Aldrt,d ;111 In line with a 10-areb tlivlean 1titnl)r, nid tho Illn(oIs Central lairod brid over thi iguuiynd 1Qihfrolt f a large white ak tree, The Ahd'idie road, on he east bank of the Big.
Muddy River, crosse the St. Louis, lron Mountain and Southern Rallway (llfinois
Division) 1 Dimles above La Rue and leads to a small farmhouse about one-quarter
of a mIile be ow tle station.

A STRAW.
United States eiglnOer office, St. Louils, Mo., 1899. (Chart No. 11.)
Latitulde 370 33:b6'",38; motors 4-1,738, -112.
~ongititde 890 30' 63",1.17; meters + 1,305, -108.

Elevation: 358.98,
To®In(dian Creek, a7,;imUth 3620 31'1 40", (digtauCO 6,496,7 motors,
ToA, Flg 43, azImuth 800 48' 00", dlstance ,O96.7 meters.
ToASimnpon 271, azImuth 400 V7/ 17"1, dIstan(!e 1,352,7 meters,Iron pipe, on loft bank and 00 feet from MIsIs{ipi River; on the linelig Muddy-Flag 43; on west bank of slough bearing toward Crawford Landing; 1,000 meters mouth

of theBig Muddy River and opposite the mouth of Apple Creek in Missouri.

A FLAO 43.

MississipRi River Commission, 1880W81; redetermined, United Statesoengineor office,
St. Louis Mo, 1899. (Chart No. 11,)

Latitude370 331 50",70; meters +1,503, -287,
Longitude890; 31' 37.".28; meters +916, -558.
Elevation: 366.64.
To@Silica, azimuth 1860 56'604", distance 5,311.4 meters(1880-81)4 .
To® Big Muddy, azimiuith 2600 47' 27", distance 8,168,3 meters'(181).
To® Big Muddy, azimuth 2600 47' 33"; distance8,168.9 meters(1899).
To(aI Mdan Creek, azimuth ,341 1.0'33",. distance 5,572,2meters (18W80-1).ToQIndian Creek, azimuth 341 :1' 30", distance 6,572.5 meters (1899).
ToAStraw, azimutth 2600 47 34"t, distance 1,09,07 meters (1899).
ToA Crawford, azimuth 3460 18' 23", distance 3,840.4meters (189).- Stone pist, on high right bank and roecy point just below mouth of Apple Creek and

one-half mile below Blrminghamn, Mo.; 3feet south of stump of poplar tree; and 70
feet toward river from triangle of three pikee driven in tie, between rails, in cut of
"Frisco" railroad and 4?5 feet below bridge over Apnle Creek,

EJT
Mississippi River Commission, 1884. (Chart No.11.)
Latitude 370 33' 47".41; meters +1,462, -388.
Longitude 890 3 25".5; meters +627, -846.
Elevation: 357.63.
Too 20/2, azimuth 740 59', distance 490 meters,
Stone post,630 meters east from'left river bank and 1,200 meters below the mbuth

of Big Muddyt River; in woods onland of C.S. Freeman and 170 meters back from
north-and-south fence at west edge bf timber; 176 meters southeast of fence corner at
end of north-and-south lane. Trees adjacent to stoneare blazed.

20

Mississippi River Commission,I184, (Chart No. 11.)
Latitude37033' 43".29; meters +1,335, -516.
Longitude89°30' 44",83; meters +1,100, -373.
Elevation: 359.62.
Tofl 20/1, azimuth 2640 69', distance 490 Meters.
Stone ,post 160 Meters from left river bank and 1,400 metersbel* the mouth of

theBig Muddy River on top of ridge; and at WA edge of patch oftimber ol land of
S. Spr1Dg. Any 1#inc hickory stands 4 meters below the stone,
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® SOUTIIH BASE If.

Board on Eixamtination and Survey of Miseisi pi River, 1908. (Chart No. 1.)
Latitude 370 .33 41[.48; meters +1,279, -67
Longltude 890 27' 10('.56; meters +269, -1,214.
Elevation:: 361.92
To@Aldridlgeif,lnazimuth 244& 22', d(itance 1,411 meters.
To833 H, amirlnth 1810 32, distance 960 metrs.
Two-Inch Iron pipe, In Illinois botfomlan1d; 1l miles aboKve la Rlio, I1I.; 7 feet

eaMt of center of track of St. Iouis, Iron Mountain anf( Southern 'Railway (Illinois
Division); and 75 meters north of a railroad bridge,

A SIMPSON 271.

United States engineer ofe, St. Louis, Mo,, 1878; redetermined, 1899. (Chart
No. i.)1

Latitude 370 33' 26",43, meters +816, -1,036:
Longitude 890 31' 33"-.46; meters +821, -662,
Elevation: 348,17,-
To Straw, aszimuth 2260 -5' 52", distance 1,352.7 meters,
Hole surrounded by triangle in rotk, on Missouri shore; 900 meters below mouth

of Apple C)reek; 100 feet below house at Hines landing, Mo.; about 20 feet ouit and
a little upstream from a 30-inch elm tree with roots expose(1; on higheiit shelf, and
exposed at a 25-foot stage, St. Louis gauge,

D .32 If,

}&ard on Examination and Survey of Missisippi River, 1908. (Chart No. I I.)
Latitude 379 32' 50".69; meters +1,53, -287.
Longitude 890 27' 12",.26; meters +301, -1,172.
Elevation: 302.7 (htaia).
To(31 11, azimuth 369t 04' distance 316 meters.
A stake, in Illinois bottom land; 9.5 feet east of center of track of St. Touis, Iron

Mountain and Southern Raliway (Illinois Division); about 100 feet north of bridge
above La Rue and over Running Lake; and 1,000 feet north of road crosing at La Rue.

$ 31 HI.
Board on Examination and Survey of Mimjissippi River, 1908. (Chart No. 11.)
Latitude 370 32' 40Y'.46; meters +1,247, -603.
Longitude 890 27' 12".0;; meters +296, -1,177.
Elevation: 361.44.
To@30 H, azimuth 3450 47', dbtance 1,570 meters.
Two-inch iron pipe, in Illinois bottom land; 20 meters south of post-office at la Rue;

6 meters north of bridge No. 134; and near a 26-inch hickory tree in southwest angle
of intersection of main track and switch of log tramway (Elevation on c,hart 0.12
too low.)

$ WOLF LAKE U.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 32' 16".84; meters +619, -1,331.
Longitude 89° 26' 10Y'.86; meters +267, -1,206.
Elevation: 702 (stadia).
ToD29 H, azimuth 21° 41', distance 2,181 meters.
A stake, o'n Illinois bluffs; oppoeite widest part of Wolf Lake; and three-quarters of

a mile below quarry at end of old spur tht leaves main track of St. Louis, Iron Moun-
tain and Southern, Railway (Illinois division) about three-quarters of a mile above
La Rue station.

Bard on Examination and Survey of M1isissippi River, 1908. (Chart No. 11.)
Latitude 370 31 51".05; meters +1,574, -276.
Longitude 890 l26- 56".34; meters +1,383, -90.
Elevation: 364.68.
To$29 IU, azimuth 345 5[1' distance 1,270 meters.
A stake, in Illinois bottom land; 9.5 feet east of center of truck of St. Louis, TIron

Mountain and Southern RAilway (Illinois division); about 1,0 meters blow bridge
No. 134; and 1,100 meters above firdt road crowsing south of LA Rue, Ill.
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A (3RAWFORD.
Unit States engineer office, St. Louis, Mo., 1899. (Chart No. 11, station not

plotted.)
Latitude 370 31' 49".66; meters +1,631, -319,
Longitude 890 31' 0G",25; meters +6 -1,467
ToFlag 43, atimuth 1660 18' 46", distance 3,840.4 meters
Iron pipe, 2& mils a0ovo "Frieco"' railroad station at Neely Landln'g, Mo.1,;400

meters beloW railroad trestle over Crawford Creek; on west'side of knoll outside of
railroad and 2.86 feet due west from iron pipe (i&Crawford No. 2). The knoll is the
result of the only through railroad cut in the vicinity. The others are side-hill cuts.

A ORAWFORD No.2..

United States engineer office, St. Louis, Mo., 190* (Chart No, 11, station not
plotted.)

Latitude 370 31' 49",66; meters 41,531, -319.
Longitude 890 31' 00";,21,; meters 4 -1,468,
Iron piipe, 2j miles above "Frisco" railroad station at Neely Landing, Mo.; 400

meters below railroad trestle over Crawford Creek' on knoll, outside of railroad and
2.85'feet due east from iron pipe (ACrawford). .he knoll is the result of the only
through railroad cut in this vcinity. The others are side-hill cuts.

19

Mississippi River Commission, 1884, (Chart No. 11.)
Latitude 370 81' 33".72; meters +1,040, -810.
Longitude 890 29' 22".57; meters +654, -920.
Elevation: 357.20
To[019/2, azimuth 655 051, distance 608 meters.
Stone poet about one-quarter mile above Hanging Dog Island; 1,650 meters below

Spring Landig,I 11.; 800 meters from river bank; 220 meters southeast of fence corner
of cultivated field; 180 meters northeast of northeast corner of another field; and 60
meters west of an old slough. The station is in woodsAnd surrounded by blazed tree.

A FPLAa 44.

Mississippi River Commission, 1884; redetermined, United States engineer office,
St. Louis, Mo., 1899, (Chart No. 11)
Latitude 37` 31' 25" 67' meters +791, -1,059 (1884).
Longitude 890 29' 48".37; meters +1 188, -286 (1884)
Latiude 370 318 25-".58; meters +789, -1,061 (1899).
Longitude 89° 29' 48".28; meters +1,186, -288 (1899).
Elevation 355.06
TosIndian Creek, azimuth 4-7 38' 55", distance 1,188.2 meters (1884),
To Indian Creek, azimuth 470 38' 22", distance 1,189 meters (1899).
ToEl19/2, azimuth 3050 55', distance 165 meters (1884).
Stone post, on land of George Andrews, in Illinois and about three-eighths mile

above hoad of Hanging Dog Island; opposite Hanging Dog Rock in Missouri; 100
meters from top of bank; and && feet north of 18-inch sycamore stump with triangle
cut in top and pointing toward stone -which is flush with surface of ground;

19
2

Mississippi Rivor Commiion, 1884. (Chart No. 11.)
Latitude 370 31' 22-.43; meters +692, -1,158.
Longitude 890 29' 42".87;'meters +1,053,-421.
Elevation: Stone, 355.26; pipe, 360.34'
ToA Flag 44, azimuth l250 65' distance 166 meters.
Tow 19/1, azimuth 2350 05', distance 608 meters.
To[U19/3, azimuth 670 5[', distance 1,172 meters,
Flat stone and Iron pipe, in cultivated fieldIn 1llinoi; 200 meters back'from river

bank; on left bank of slough behind Hanging Dog Island and about on-quarter of a
mile above heavy timber on Island; Ij meters from fence, on west side of road' 100
meters telow a house on west side of road and about 20 meters from river bank. i'pe
13 feet out of ground (1907).
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Board on Eiaminatlon and Survey of MissisIppi River, J9d8, ((Chart No. 11.)
Latitude 370i 31,11",09; meters +342, -1,508.
Longitude 89° 26' 43".69; motors +1,073, -401.
Elevation: 864,94,
Too@28 Iazimuth 3460 0W, distance 689 meter,
Two-inch iron pipe, in Illinois bottom land; about 660 feet below a roadl crossing I*

miles north of Wolf Lake Ill.; and 9.5 feet east of center of track of St. Louis, iron
Mountain and Southern Aaiiway (Illinoitrdivislon).

Mississippi RAiver CommIssion, 1884. (Chart No. 11.)
Latitude 370 31' 02".21; meters +68 -1,782.
Longitude 89° 80 '27; wetrs +972, -902.
Elevation: $62.82. ^
To@Indian Creek, azimuth 130 80', distance 83 meters.
Tom 19/2, azimuth 237° 61', distance 1,172 meters,
Hole drilled vertically Into ledge of rock, at junction with the soil, on

as@lndian Creek; 1,900 meters above Neely Landing, Mo.; and 700
Hanging Dog Creek.

the same blMIff
meters below

0 P. B. M. 49.

Mississippi River Commission, 1880, (Chart No. 11.)
Latitude 370 311 62".87; meters +1,630, -220 (scaled from map).
Longitude&89° 31' 03".22; meters +79, -1,395 (scaled from map).
Elevation: 348.42,
Top of copper bolt, leaded vertically in bluff rock in Missouri; 2J miles below mouth

of App~le Creek; and about 260 meters below Crawford Creek. Three large partly de-
tached rock are in front of the bench mark,

@Q INDIAN CREEK,

Mississippi River Commifsion, 1880-81, (Chart No. 11.)
Latitude 37° 80'39".60; meters +1,837, -13.
Longitude 89 S30' 24",06; meters +591, -883
Elevation: 481,92,
TO® Rich, azimuth 2760 67' 29".33, distance 6,561,6 meters,
TooAJoccasin Springs, azimuth 3300 43' 52".75 distance 9,577.75 meters.
TooSilCia azimuth 1730 45' 22".72 distance i0,609.97 motOrs.
To® Big Ruddy, azimUth 2230 36' 1',"83, distance 9,086.99 meters.
ToQFlag 44, aziMuth 2270 38'0W0* distance 1,189 meters (1899).
TToF1ag 44, azimuth 2270 38' 33', distance 1,188 2 meters (1884).
ToQFlag 43, azlmuth 16I° 11' 15' ,distance 5,672.5 meters (18W9)
ToA Flag 43, azimuth 1610 11' 18", distance 6,572.2 meters ( 1880).
ToALine No, 2, azimuth 1690 24' 12", distance 8,266 meters (1899).
ToAftaw, azimiuth 172° 31' 68", distance 5,496.7 meters (1899).
Stone post, on top of prominent bluff, on right bank; I miles above Neely Landin

Mo.; one-half mile below Hanging Dog Creek; and 60 meters west of "Frisco" rail-
road.

( 2811.

Board on Examination and Survey of Missimsippi River, 1908. (Chart No. 11.)
Latitude 3870 3 62".56; meters +1,620, -230.
Longitude-890 26' 37".89; meters +931, -43,
Elevation: 362.2 (stadia),
ToD27 H azimuth 3350 27' distance 640 meters.
A ke, n Illinois bottom sand; 41 feetweMtof center of track of St. Louis, Iron

Mountain and Southern Railway (Illinois division);. 4,300 feet above lower road
crossing at Wolf Lake II.I; 2 600 feet below another road crossing; and near the north-
em end of a tangnt "roIountain") about 1,100 feet in length and paralleling the
Illinois Cental Railroad.
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A SIMPSON 27.

United States eengineer office, St. Louis, Mo., 1878; redetermined, 1899, (Chart
No. 11 station not, plotted,)Latitude #170 30' 46".71; meters +1,409, -441.
Longitude 890 30( 16".38; meters +402,-1,072
Iron pin in rock shelf, on right bank; 25 feet above low water, and 1,360 meters above

Neely Landing, Mo.
0 RICH,

Mississippi RiveriCommilssion, 1880-81, (Chart No. 11.)
Latitude 370 830 VI7.42; meters +1,164 -696.
Longitude 89° 25' 58".33; meters +1,433, -41.
Elevation: 491 (tadia)..
To® Bluff Lake, azimuth 821° 42' 29V,64" ditistce 12,44.38 meters.
Toolndian Creek azimuth'980 00' r'.14,i distance 6;51.56 meters,
TooSilica, aziiuth j1450 40Y 22".45, distant613`603.46 meters,
To@Moccasin Sprigs, azImuth 130 33' 11".09, distance 7,892.26 meters.
ToAVancill,az4iuth 44°026 52",' distance 5,982.7 meters.
ToABee Bluff, azimuth 130 27' 53", distance 7,419.6 meters,
ToD26 1, azimuth 852° 00', distance 1 409 meters..
Six-inch square stone, on slope of promfent western spur of Illinois bluffs; due east

from a point on St. Louiti, Iron Mountain and Southern Railway (Illinois division)
that is one-half mile above Wolf Lake, Ill.; about 1,800 feet northwest of house belong-
ing to Carl Rich; 12 inches above surface of ground, on edge of bluff and about halfway
from top.

271H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 30' 338",67; meters +1,038, -812.
Longitude 89° 26' 27".00; meters +665, -809.
Elevation: 363.05.
To® Rich, azimuth 2600 41', distice 7i16 meters,
To(26 Hi azimuth 3240 49', distance 1,568 meters.
Two-inch iron pipe, in Illinois bottom land' on west side of track of St. Louis, Iron

Mountain and Southern Railway (Illinois division); 22 feet above lower road croswing
at Wolf Lake, Ill., and near the southern end of a tangent ("Iron Mountain") about
1,700 feet in length and paralleling the illinois Central Railroad.

26H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 29' 62".16; meters +1,608, -242.
Longitude 890 2' W5'.33; meters +1,236, -238.
Elevation: 859.30.
ToG$25 H1, azimuth 3240 53', distance 1,767 meters,
Two-inch iron pipe, in Illinois bottom land' 11.7 feet east of center of track of St.

Louis, Iron Mountai and Southern Railway (Ilinois division); 3,000 feet below lower
road crossing at Wolf Lake, Ill., and 800 feet below St. Louis, Iron Mountain and
Southern Railway station' 1,000 feet above small creek; and 200 feet below milepost
100. (Elevation on chart 6.33 too high.)

A STUMP.

United States engineer office, St. Louis, Mo., 1899.. (Chart No. III).
Latitude 370 29' 24".02; metiers +741, -1,109.
Longitude 8$)0 28' 41",.03; meters +1,008, -460.
Elevation: 300.47
ToA Dutch, azimuth 880 27' 40"', distance 1,645.1 metes.s.
Iron pipe, on old high river bank in Illinois; near fot of Hanging lo Island; 10

feet west of road in front of house; 10 feet south of path; about 180 feet upstream from
sycamore tree blazed with triangles; and 26 feet from stump, near dooryard gate.

A DUT(01.

United States engineer office, St. Louis, Mo,, 1899. (Chart No. 11.)
Latitude 37° 29Y 22".58; meters +696 -1,154
Longitude 890 29' 47".97; meters +1,179, -290
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Elevation: 357.70.
ToAStum-p, azimuth 2680 27' 0Y', distance 1,645,1 meters.
Iron pipbe, In Missouri, about 4,000 feet below Neely La;nding, Mo. 3 fet north of

east-and-:west rail fence; on land of W ,ner; between the 1 F'rim(o " iailroa(l anid the
river; about in lille with outer point of Neely Landing and highest, trees oil top of bluff
below Hanging Dog Rock; 45 feet east of lower head block of Neely siding; and 115 feet
north of cattle guard.

18

Misslsippi lRiver Commssion, 1884, (Chart No. 11.)
Latitude 370 29' 21,.39;, meters +659, -1,191.
Longitude °90 28' 01",90; meters +47, -1,427.
Elevation: 861.23,
To E 18/2, azimuth 50 377' distance 647 meters,
Stone poet on land of0o. lkoury, in Illinois; nearly opposite Devils Tea Tble it

Missouri; 70v meters from main river bank and 1,464 meters above Illi1oi0 en1d of
hurdle dam behind Vancill Towhead; 1 mother south of eat-and-west fence at north
end of cultivated field; 25 meters from the northeast-corner of field. Immediately
north of field is low ground covered with bushes and vines.

* [d ~~~~~~18

Mississippi River Commission, 1884. (Chart No. 11.)
Latitude 370 29' 12",42; meters +383, -1 467.
Longitude 890 28' 21".09; meters +518, -956.
E alevtion: Stone=32 865 pipe, 357.93.
To 018/1, azimuUh 2390 87', distance 647 meters,
To 0 18/3j azimuth 590 41', distance 1,485 meters,
Flat stone and iron pipe, 200 meters back from left bank of river and 1,420 meters

above Illinois end of hurdle dam behind Vancill Towhe; 1 meter back of rail fence
at edge of timber and on east side of road; on the west edge oflsame field that 01 18/1
is in; 75 meters north of bend in fence; and about 140 meters north of a. Moury's house.

A 0ATH 3.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 11.)
Latitude 370 29'W5A".38; meters +166, -1,684.
Longitude 890 28' 22".47; meters +652, -922.
Elevation: 353.65,
ToAVancill, azImuth 240 14' 04", distance 1,574.3 motors,
Iron pipe, in Illinois; 12 meters back from edge of secondary bank; 104 motors from

southwest corner of (C, Moury's house and 102 meters from southwest corner of barn
on high bank; about 1)280 meters above Illinois end of hurdle dam behind Vancili
Towhed; 1 foot from fallen sycamore tree' 16 meters downstream from blazed elm
tree near the bank;, and 21 meters south of glazed sycamore tree.

a) 25 1,

Board'on Examination and Survey of Misaissippi River, 1908, (Chart No. 11.)
Latitudeo.7 29' 05".21; meters +161, -1,689.
Longitude 89° 265 08".94; mneters +220, -1,264.
Elevation: 357,29.
ToD24 H, azimuth 324° 47', distance 1,357 meters.
A stake, in Illinois bottom land; about 1I miles below railroad station at Wolf Lake,

Ill.; 9.6 feet east of center of track of St. Louis, Iron Mountain and Southern Railway
(Illinois division); and 60 feet above telegraph pole 101/6.

18

Mississippl River Commiseion, 1884. (Chart No. 11.)
Latitude 370 28' 48".11; meters +1,483, -367,
Longitude 890 29' 13".25; meters +326, -1,148.
Elevation: 362.99.
To E 18/2, azimuth 2390 41', distance 1 48 meters.
Stone post, set in ground near foot of Iissouri bluffs; 260 meters below I)oVils Teti

Table; 10 meters from river bank; 75 meters above where bluff rock jutesouat from
hillside; and 5 meters above a large blazed black oak tree.
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D MILLER HT.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 28' 43".08; meters +1,328, -522.
Longitude 890 22' 45,.21; meters +1,111, -363.
Elevation: 649.8 (etadia).
To®22HD , azimuth 610 12', distance 2,542 meters.
A stake, on top of Illinois bluffs; about 1 miles upstream from Ware, Ill.; imme-

diately back (southeast) from a point where Clear Creek, crossed by a wagon bridge
leaves the foot of the bluffs.S.

0 P. B. 1! 60.

Mississippi; River Comnmission, 1881. (Chart No. 11.)
Latitude 370 28' 36".75; meters +1,133, -717.
Longitude 890 29' 02".09; meters +51, -1,423.
Elevation: 348.51.
Center of copper bolt hAded horizontally in natural rock in Missouri bluffs; 2 250

feet. below rock called "'Devils Tea Table" (destroyed), just below Indian Cree in
Cape Girardeau County, Mo.

G 24H,.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 28' 29".14; meters +898, -952.
Longitude 890 24' 37".10; meters +912, -562.
Elevation: 358.19.
To® 23 Il azimuth 3240 43', distance 988 meters.
Two-inch iron pipe, in Illinois bottom land; 15 feet east of center of track of St.

Louis, Iron Mountain and Southern Railway (Illinois Division); 500 feet above bridge
in dike between Goodwin and Miller lakes; 3,800 feet above road crossing; and 2 miles
above Ware, Ill. (Elevation given on chart is 0.11 foot too high.)

A VANCILL.

United States engineer office, St. Louis, Mo., 1897. (Chart No. 11.)
Latitude 37° 28' 18",81; meters +580, -1,270.
Longitude 890 28' 48".77;meters +1,198, -27 6.
To® Bluff Lake, azimuth 2940 57' 16", distance ,I196.3 meters.
To® Rich, azimuth 2240 24' 08"' distance 6,982.7 meted-.
ToA Bee Bluff, azimuth 3200 4' 41", distance 3,836.5 meters.
To, Gate 3, azimuth 2040 13' 48", distance 1,574.3 meters.
Iron pipe, on top of prominent stone-faced bluff 1 400 rhuters above Vancill Land-

ing, Mo.; 300 meters above hollow above Sublett hollow; 1,300 meters below Indian
Creek; 50 feet west of face of bluff; 25 feet east of a 14-inch oak, blazed with a triangle.

® 23 H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 28':02".87; meters +89, -1,761.
Longitude 890 24' 13".87; meters +341, -1,133.
Elevation: 363.49.
To®Q22 H, azimuth 3300 49', distance 406 meters.
A stake, in Illinois bottom land; 26 feet east of center of track of St. Louis, Iron

Mountain & Southern Railway (Illinois Division); 600 feet above road crowsing; and
about 11 miles above Ware, Ill.

( 22 II.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 27' 51".38; meters +1,584, -266.
Longitude 890 24'05".82; meters +143, -1,331.
Elevation: 359.
To®D21 H, azimuth 3410 00', distance 1,316 meters.
Two-inch iron pipe, in Illinois bottom land; 3.3 feet east of center of track of St.

Louis, Iron Mountain & Southern Railway,(Illinois Division); 800 feet below road
crowing; and about 1I miles above Ware, 111.
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Mississippi River Commission, 1884.a (Chart No.11.)
Latitude 370 27,'4(Y'.36, meters +1,244, -606. -
Longitude 890 26' 26".1l meters't+642, 833
Elevation: Stone, 3538;,pipe, :355.48.
To 17/2, azimuth41 distance 623 meters.
Flat stone and iron pipe, one-half mile from river bank at Willard Landing, Ill.; 5

feet in front of fence ounortheast side of "long field," which belongs to Willard heirs;
and 550 feet above eastern corner of field.

17

Mississippi River,Commission, 1884. (Chart No. 11.)
Latitude 370 27' 26".13; meters +806, -1,044.
Longitude 890 26' 44".14; meters +1,085, -390.
Elevation: 353.60:
To®Moccasin Springs, azixmuth 220 10', distance 1,917 meters.
To El 17/1, azimuth 2250 15/, distance 623 meters.
Stone post, in cultivated field of Willard estate, at Willard Landing, Ill.; 400 feet

from river bank; 80 feet back of fence; bOO feet above log cabin; and 100 feet east of
farmhouse.

E 21 1I.

Board on Examination-and Survey of Mississippi River, 1908. (Chart No. 11.)
Latitude 370 27'.11".02; meters +340, -1,510.
Longitude 890 23' 48".39; meters +1.189, -286.
Elevation:: 358.62.
To6) 20 I, azimuth 3500 20', distance 1,478 meters.
Two-inch iron pipe, in Illinois bottom land; west of the St. Louis, Iron Mountain

and Southern Railway (Illinois Division); 600 meters above road crossing at Ware,
Ill.; and 170 meters below northern end of siding.

A SIMPSON 297.

United States engineer office, St. Louis, Mo., 1878; redetermined, 1897. (Chart
No. 11, station not plotted.)
Latitude 370 26' 44`.37; meters +1,368, -482.
Longitude 890 27' 05".03; meters +124 -1,351.
ToA Simpson 299, azimuth 3280 45' 49" , distance 1,443.8 meters.
Iron pin in rock, below high bank; on second point below Moccasin Springs, Mo.;

920 meters below river gauge; and in front of& Bee Bluff.

A BEE BLUFF.

United States engineer office, St. Louis, Mo.,V1897. (Chart No. ]1.)
Latitude 370 26' 43"36; meters +1,337, -513.
Longitude 890 27' 08".62, meters +212, -1,263.
To® Rich, azimuth 1930 27' 10", distance 7,419.6 meters.
ToAVancill, azimuth 1400 05' 42", distance 3,836.5 meters.
Iron pipe, on highestpart of Bee Bluff, Mo. (first bluff below and 3,200 feet from

Moccasin Springs); 25 feet west of face of bluff; and 45 feet south of 20-inch oak tree
blazed with triangle.

' MOCCASIN SPRINGS.

Mississippi River C0mmimslon, 1880-81. (Chart No. 11.)
Latitude 370 26' 28".54; meters +880, -970.
Longitude 890 27' 13"/.67; meters +334, -1 141.
To*Bluff Lake, azimuth 2820 42' 47".70, distance 9,866.18 meters.
Too Rich, azimuth 1930 32' 26".31, distance 7,892.25 meters.
To@Olear:Croek, azimuth 3310 17' 03".42, distance 13,769.21 meters.
To@Indian Creek azimuth 150° 45' 48".65, distance 9,577.75 meters.
To El 17/2, azimuth 202° 10', distance 1,917 meters.
Stone marking post (top. broken off), on-highet point of Missouri bluffs; about

seven-eighths mile below Moccasin Springs Mo.; about 2j miles above Bainbridge,
Mo.; and 1,000 feet from river. Main ridge fom small waterfall leads direct to station.
Scattering timber in vicinity of station.
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A SIMPSON 29.

United States engineer office, St. Louis, Mo., 1878; redetermined 1897. (Chart No.
12 station not plotted.)
iatitudo 370 26' 04".33; meters +134, -1,716.
Longitude 890 26' 34".58; meters +850 -626
ToA Simpson 297, azimuth 1480 46' 07', distance 1,443.8 meters.
Iron pin in rock, on Missouri shore; downstream from Bee Bluff and 3,750 feet

upstream from house at Sheppard Point. The rock is exposed at a 7-foot stage, St.
Louis gauge.

e WARE It.

Board on Examinaition andASurvey of Mississippi River, 1908. (Chart No. 12.)
Latitud6370 26' 46"/.26; meters +1,426, -424.,
Longitude 890 21' 19".08, meters +469, -1,00(.
Elevation: 667.1(Iadia).
ToED20 II, azimuth 78° 34', distance 3,491 meters
A stake, on southwest slope of highest part of Illinois bluffs, due east of Ware Ill.,

on St. Louis, Iron Mountain and Southern Railway (Illinois Division). The road that
runs east from Ware turns southwardly along the bluffs, 600 meters above the station,

@ 20 H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 26' 23".75; meters +732, -1,118.
Longitude 9°0 23' 38".28; meters +941, -534.
Elevation: 356.67.
To$19 H, azimuth 350' 18', distance'894 meters.
A stake, in Illinois bottom land; 14.8 feet west of center of track of St. Louis, Iron

--Mountain and Southern Railway (Illinois Division); and 870 meters below road cross-
ing at Ware, Ill.

(D 19 II.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 37" 26' 65/.18; meters +1,701,-149.
Longitude 89° 23' 32".14; meters +790, -685.
Elevation: 364.27.
To D18 H, azimuth 3500 17', distance i,878 meters.
Two-inch iron pipe, in Illinois bottom land,14.8 feet west of center of track of St.

Louis, Iron Mountain and Southern Railway (Illinois Division); 1780, meters below
road crossing at Ware, Ill.; and 183 meters below signpost " One mile to Ware."

A SHEPPARI).

United States engineer office, St. Louis, Mo., 1897. (Chart No. 12.)
Latitude 370 25' 49".96; meters +1,540,--310.
Longitude 890 26' 28".02; meters +689 -786
ToA Hurdle 5 '99, azimuth 2650 15' 02'; distance 1,772.4 meters.
Iron pipe, on frowof thesouthernmost stone-faced bluff, above Sherpard Point, Mo.;

2,600 meters above Bainbridge Creek; 18 meters west of face of bluff, and 253 meters
north of rail fence between timber and field.

OP. B. M.51.
M sissi i River Commission, 1881 and 1889; redetermined, United States engineer

office, St. Louis, Mo., 1897. (Chart No. 12.)
Latitude 370 25' 44".98; meters +1,387, -463.
Longitude 89° 26' 23".36; meters +574, -901.
Elevation: 944.92
Center of copper bolts leaded in the steeply inclined face of the last reliable ledge

of rocks of the chain extending south from Moccasin Springs, Mo.; just above Shep-
pd Point where the bluffs begin to recede from the river; 2,400 meters above Bain-

--bidge Creek; and 350 meters above railroad trestle above Widow Sheppard's house.
The letters "U. S. " are cut in the rock.
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A 8 F.

Board on Examination and Survey of Mississ'ppi River, 1908. (Chart No. 12.)
Latitude 370 25,1'42"o,49; meters +1,310, -540.
Longitude 890 26' 23".17; meters +570_-r905k
ToA 10 F, azimnuth 3530 47', distance 926 meters.'.
Iron pipe,,at Sheppard Point', Mo. on slope of hill 9 meters back from "FriscoQ" rail-

road; 584 meters above cattle guard at road crowing,; 280 meters above railroad trestle
above Sheppard's house; 16J meters below telegraph pole 120/25; and 20 meters and
58 meters, respectively, above fences joiniug west right-of-way fence.

® BLUFF LAKE.

Misissippi River Co'mmission,1880m-8. (Chart No. 12.)
Latitude 370 .25' 17".,94; meterss +:553,f . 1,297.
Longitude 890 20'1 42"/.20;~meter ±103, 437.,
ToClear' Creek, azimuthe16057/ 27".73',distance 0,351.34 meters.
To® Rich, azimuth 1410 441".94, distance 12,544'.38'meters.
To@Floral,`azimuth"540 22' 49".55, distance 14,149.53 meters;
To®Mocasi 8Springs, azimuth 1020 48' 45".58,distanbe,9,865,18 meters.
ToA.Vaincill`,aziftuth 115 02'12", distac 3 9~ eers.
ToA Flag 62, azimuith 460 I9'49"1, distance 13,783'3'. meters.
To' IUwer Base H, azimuth 380 04', distance 6,200 eters.
ToDUpper Base H, azimuth 680'15', distance 4,157 meters.
A: 6-in'chsquarestoe post, broken off 2 inches-below the ground, with small hole

drilled in center of Htone; 1 300 meters below the EHambuirg and Jonesboro road;
upo'n agrasy knob7, about halfwayy down the: lope from a long, narrow orchard on top
ofhigh luff. Old burnt stump bears north 110 east 84 feet; 18-inch white-oak blazed
with triangle, north 88° east 244 feet; blazed 12-inch hickory, south 25i° west 34
feet; black oak north 20.4 feet.

A 10 F.

Boardionexamination and Survey of Mississippi Rive-r, 1908. (Chart No. 12.)
Latitude' 3°7 25' 12".64;? meters +390, --1,460
Longitude 890' 26' 19".07; meters +469, -1,06.
'T'oA12 F, azimuth 3500 10', (listanco 961 meters.
Iron pipe, on" hi hiest 'oint'of knoll, oppite railroad cut halfway between Bow-

man, Mo., post-office (L.iabridge station) and Sheppar-d Point; 8 meters east of
"Frisco" railroad; and 135 meters above upper end of Bainbridge siding.

@ 18 11.

Board on Examination and Survey of MAlississippi River, 1908. (Chart No. 12.)
Latitude 370 24' 655".26; meters +1,704, -146.
Longitude 890 23' 19Y.22; meters +473, -1,003.
Elevation: 349.37.
ToDUppor Btasc H:, azimuth 000 00', distance 842 meters.

-Two-inch iron pipe, inl illinois bottom land; 21 miles below Ware, Ill.; on St. Louis,
Iron Mountain and:Southern Railway (Illinois Division) and 1,300 meters above
Illinois Central railroad station,'Vineland; 13.1 feet west of center of track and about
halfway down the embankment; about 600 meters above road crossing above Vine-
land; and 30 meters above trestle No. 141.

A 12 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 24' 41"'.94; meters +1,293, -557.
Longitude 890 26' 12".39; meters .+305, -1,171.
Iron pipe, at,Bainbridge, Mo. (Bowman post-office); 29 meters east from center of

"Frisco " railroad and opposite the upper end of house track; 5 meters south of upper
end of a revetment; 50 meters from milepost 122; 118 meters above road crossing;
and 168 meters above northeast corner of railroad station.

18

Mississippi River Commission; 1884. '(Chart No. 12.)
Latitude 370 24' 355".26; meters +1,087, -763.
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Longitude 890 24' 12"'.98; meters +±31, -1,157.
ElWevtatio;i: Stone, 344.92; 6ipe, 351).OQ '
TOilOft, Azifniith 730 67', (listnce 797 meters.
Flat stolhe alid iroli pipe, lt I linois; X mile frohi left bank of river (ftout of hlatib:ug

Imltad); 1 nieter West ol rit fenco, which (livides ctiltiVated shield; and 35) tiletets
north of fence cormer at road.

2

Mississippi River Cointfisioti, 1884, (Chartt No. 12.)
Latitude 370 W4' 28"./0;0 meters +863,-987.
Itogitfide $90 24' 44".12; meters +1,086, -391.
ElevAtion: 249.34.
ToE; 106/, aziutih 2536 07', distan~o 797ieteri.o
Stone 1ost, one-half Mile back Of foot of HIilmburg Island, Ill; 1 mleterhfol-mtack

fence in orchard; 68 meters south of fence ccrnier; 1501 meters notth of fetie chriuner at
road; and 110 meters from log house,

A 14 F.
BoArd o6 FxAinhit{h!oAand Surve of MissisipPI Rtiver, 1908. (ChaIt No. 12.)
Latitude 370 23' 30".Al9 meters +931 -919.:
Longitude 890 26'03".t41; meters +84 -1, 392-
ToA12 l', azimukth 174° 17', distance ,222 nmbters.
Iron pipe, at Schenimann, Mo,; 1* mites below Ilainbiidge, M, (lifornitih post-

OHie); 2 meters back from edge of projdetiki rock bluff, jut west af "F'rlsco" rail-
road; at end of field where 0ock-ficed blutff bog-ifs; and 178 meters below road crowding.

$ UPPEII 3ASE, 11.

Board on' Ex tminbation and StrvCy of Mississippi River, 1908. (Chart No. 12.)
Latitude 37024/ 27" 94' meters +862,-988.
Longitude 890 23' 19",.'; ineters +473, -1,003.
Elevation: 349.03.
To f13uff Lake, azimnith '48° 1'i', distance 4,1157 meters.
To$ Lower BWse , azimuth 3590 58, distance Wa87eterm.
To(D18 H, azimuth 1800 OO', distance 842 meters,
A stake,o10 feet west of St. Louli8, lrotn hMouintant andl Southern Railway (Illinois

Division); about 3 mile above Reynoldavillo, Ill.; 250 meters below road crosing
and about one-fourth of a mile above Vineland on the "Illinois Central."

OP. B. M. U.

Mississippi River Commission, 1881 and 1884. (Chart No. 12.)
Latitude 370 23' 14".88; meters +459,-l 391
Longitude 890 26' 03".42; meters +84, -f,392.
Elevation: 349.65.
Center of Copper bolt, leaded horizontally in vertical face of rock bluff in-issouri;

about 1 mileShelow BainbridgeLanding;direCtlYbaokOf "Friso railiod Onland
of Sheppard heirs; 220 meters from right bank of river 775meters below henry
Schenimann's house; and 665 meters above the lower end- of the bluff. The bolt D3
1.2 meters above the ground and in a rock stratum 35 Centimeters in thickness.

$ 17 II.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 23' 07".75; meters +239, -1,611.
Longitude 890 23' 19".17; meters +472, -1,004.
Elevation: 352.23.
TW$16 lH, azimuth 50 10', ditance 1,028 meters.
Two-inch iron pipe, 1* miles above ReynoldsVille Ill.; 9.3 feet west of center of

track of St. Louis, lron Mountain and Southern RYaiway (l1linois Division); and 10
feet north of road crossing.

@ REYNOLDS 11.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 37° 22' 38".36; meters +1,18 , -667.
Longitude 89° 21' 04".79; meters +118, -1,'358.
Elevation: 682.0 (Htadia).
To®(Clear Creek, azimuth 260 Ya, distance 5,650 meters.
A stake, on first prominent point of Illinois bluffs ablov valley or ravine whore the

1teynoldeville and bluff road join, amid about O9 meters therefrom.
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(E L1OWER BASE II.

Board-h txi infnation andl 8Suirvey of Mississfi pi River, 1908. (Chart No. 12.)
lAtitudo '8 22' :$7".99; meters +1,171, -67U,
otigitile 89° 23' 19". li; meters +472, -1,004.
l^Ievatio-n: 5q61.83.
'Vool6 SZai'imiith 416 316, disfAnie 142 metrs
ToD UP'por Base Ht azimuth, 1.79° 68', distanfie 3,387 miters.
A otakoo 7 feet west of St. Lotih, Iron Mourtain anid Southern Railway (Illinois

di'Islon); three-quarters of a mile above Reynoldsville, Ill.; and 350 feet below road
crossing.

.Board ai Mlnafion atid burvoy of Missiippi River, [90S. (Chart No. 12.)
Latitide :8P2' 34".65; meters +1,065, -785.
Longitude 8996'23/ 23"//.01; meters +566, -910.
-levation: 02,61 .
ToED 156 ,iiazhiithih 57', disne 1,294 rhetrs,
TOED&eyholdb "z'imuth 2680 ', distanc'eo 3,4022 meters.
ToD 17 H,1 ifli Ith1850:1' distance 1,028 meters.
Iron pipe, 1,1O0 nieter -ab-ve 1eyit otdsville, III.; east of Illilnoi5 Central Railroad

near wagon road paralleling same railroad and making slight turn near the pipe; 215
meters below angle in road; and ini a fence corner.

$ 1.5 11.
Bwardon TPrntinAtion and Survey of Missisoipi River, 1908. (Chart No. 12.)
lAtItude 810 21' 63"/.59;; m-eters +F1,652, -198.
Longitude 8990 23' 34".80; meters +856, -621.
Elevation: 348.81.
ToED 14 U azimuth 220 48', distance 2,269 meters
A stakes :96k Ot~ below railroad station at Revnoldsville', Ill.; 750 feet below road

croking; and 7 feet east of track of St. Louis, Iron Motuntain and Southern Railway
(Illinois division).

B 3

Miwiisippi RIver commission, 1884. (Chart N'o. 12.)
1Atitude 37° 21' 1".19; meters +1,678, -272.
Longitude 890 210' 0OY.36; meters +9, -1,468.
Elev'ation: 360.38
Tomlb/4, azimuth 1090 19', distance 1,049 meters.
tone post, on Kinney Point, fMo.;, on top of ridge in cultivated field of W. A.

Minton; 87 meters north of fence; 270-meters back from river; 1,100) meters Iwlow
Poe Landing; and 350 meters above Taylor Landing, AMo.

A FLAG 50).

Mifissippi River Commimsion, 1884. (Chart No. 12.)
Latitude 37° 21' 17'.53; meters +-540, -1,310.
Longitude 890 24' 33".02; meters +813, -664.
Elevation: 352.14.
Stone pt, in Illinois; bk of Swift Sure Towhead; lj miles above head of Devils

Island; 700 meters from bank of chute back of towhead; besi(de road running down
old river bank; in front of first bam below a schoolhouse; 2 feet south of a blazed
cottonwood tree, on land of J. K. Walton; 3 feet west of fence; and 120 meters from
Schoolhouse. (Stone found leaning in 1908.)

15

3Misissippi River Commission, 1884. (Chart No. 12.)
Latitude 37T 21' 17".52; meters +540, -1,310.
Longitude 89° 23' 59".82; meters + 1,472, -3.
Elevation: Stone, 348.45; pipe, 353.54.
Flat stone and iron pipe, in Illinois; 11 miles above head of Devls island; about 70

meters west of Illinois Central Railroad and 1,500 meters below Roynoldsville; I
meter from a rail fence on eastern side of a wide and (lee[) lough; in edge of cultivated
field; 6) meters suth of corner of stableyard; and 120 meters south of houso on land
of J. K. Walton.
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Q SWIFTSURHH.

United. States engineer office,'St. Louis, Moi, 1899. (Chart No. 12.)
Latitlude 370 21'UY'.34; meters +11 -1,839.
Longitude 890 25' 18/".69; meters +460,-1,017.
ToAi)e'ils8 '99, azimulth 450 48' 40/, distance 1,014J7 meters.
Iron pip)c, in Illinois; It mile above head of D)evils Island'; 10 meters back from

top and about 1,800 meters below head of the Swift Sure revetnment; directly in front
of and 13.6 feet from blazed 6-inch cottonvwood tree and 13.9 feet from another blazed
cottonwood.

® FLORAL.

Mississippi River Commission, 1880-81, (Chart No. 12.)
Latitude 370 20' 5Y.38; meters +15,53, -297.
Longitude 890 28' 2Y'.53; meters +727,-750
Elevation': 453.0.
To®$Sextons, azimuth 3460 08' 41".'71, ditanve 10,963.46 tmeers.
To® Cape La Croix, S imuth~3566 5' 08".36 dtnc1,16.98 meters.
To®Clear Creek, azimuitth280: 596'1``, di 8 m
To® Bluff Lake, azimbuth 2340 18' 0$".81 distance 14,149.63 meters.
To)ACape Iiirardeau' azimuth 410 36' 26", distance5,9.5 meters.
ToA Flag 52, azimuid 3090 43' 20", distance 1,94.3 meters
Stone post, on right bank of river; about 4 milesabove Cape Glirardean o, on

top of highest bluff and directly back from mouth of Flora Crek;:on land ~eA by
Doyle Brothers; in heavy timber; close to:river face of bluff and 4 inches above sur-
face of ground. A timber road pe along the ridge 4 meters back of tbe station;
and a 30-inch white oak tree blazed with triangle facing stone is 1250, 4 meters distant.

(1 14 11.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 870 20' 45".73; meters + 1,410, -440.
Longitude 890 24' 10'.53; meters +259, -1,218.
Elevation: 351.47.
To§Clear Creek, azimuth 350S 35, distance 2,:94 meters.
Iron pipe, on Illinois Central Railroad right of way near point of intersection of

curve, 1 miles below Reynoldeville, Ill., and 15 feet east of track; teen aid
railroad and St. Louis, Iron Mountain and Southern Railway (Illinois Division);
80 feet west of the latter and 1,200 meters below a road crosin. both railroads.

A DEVILS '99.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 12.)
Latitude 370 0 37".40; meters +1,163,K -697.7
Longitpde 890 25' 48".25; meters +1,188, -289.
ToA urdle 11, azimuth 750 08' 22" distance 3,384 meters.
ToSwiftsure, azimuth 225° 48' 22"', distance 1,014.7 meters.
Iron pipe, head of Devils Island, IIl.; at top of revetment and near its upstream

end; 22.5 feet from 15-inch blazed elm stump, in revetment; and 11.1 feet out from
12-inch blazed hackberry tree.

1j4

Mississippi River Commission, 1884.- (Chart No. 12.)
Latitude 370 20' 29".1; meters +897 -953
Longitude 890 29 i3".i17; meters +3i, -1,153.
Elevation: Stone 390 36
ToW 14/2, azimutb 3380 117', distance 1,859meter.
Flat stone and iron pipe, in Missouri; on land of Edmond Hubbe; 400 meters from

river bank; about 1 mile above Cape Rock; 600 meters below Little Flora Creek; on
top of second ridge east of a well-traveled road and 1 meter from fence. (Pipe wao
niissing in 1908.)

A HURDLiE Il.

United. States engineer office, St. Louis, Mo., 1899. (Chart No. 12.)
lAtitude 370 20' W".23; metets +285, -1,565.



WATERWAY, ST. LOUIS TO THE GULF AND CHICAGO. 481.

Longitude 890 28' 01".12; meters + 28, -1,449.
ToA Devil'e '99, azimuth 25°o 07' 02", distance 3,384 meters.
Nail inrcenter of pile, in secon(l row of clumps in hurdle No., 1, near foot of Devils

Island an(l about 730 feet from shore en(l of hur(le. Five clumps in upper row QtbovO
station have piles to full height. Station is between fourth and fifth of these clumps
from shore end. Thepile is marked on downstream si(d by re(l-an(l-white signal pole.
Nail is in southwest pile of clump and is surrounded by six other nails.

A FLAG 62.

Missisippi River Commission, 1880-81. (Chart No. 12.)
Latitude 370 20' W9'.04; meters +279, -1,571.
Longitude 890 27' 27'.21; meters +670, -807.
Elevation: 346.91.
To® Bluff Lake, azimuth 2260 16' 44", distance 13,783.3 meters.
To Floral, aziniuth 1290 43' 58", distance 1 994.3 meters.
Stone poet, on Devils Island, on left bank of river; 1 mile from foot of island; 300

feet from river bank in woods and 30 feet from fence; 300 feet from northeast corner
of field, and 660 feet eastof hurdle No. 9. A 12-inch blazed elm tree stands 40 feet east;
a 1-inch blazedhackberry20feetsouth. A wooden poststands beside stone.

A DEVILS No. 2.

United States engineer office, St. Louis, Mo., 1897. (Chart No. 12.)
Latitude 370 20' 08".59; meters +266, -1,585.
Longitude 890 27' 45".83; meters +1,128, -349.
Iron pipe, on Devils Island Ill i mile above a point opposite mouth of Flora

Creek, in Missouri; on north edge of old stone dike, exposed at about a 16-foot stage,
St. Louis gauge; 60 feet west of high bank on which stands a house, and 900 feet south
of new hurdle No. 9.

® CLEAR CREEK.

Missisippi River Commission, 1880-81. (Chart No. 12.)
Latitude 370 19 665/.75; meters +1,750, -100.
Longitude 890 22' 44".84; meters +1,104, -373.
Elevation: 615.2 (stadia).
To® Floral, azimuth 1010 03' 17".82, distance 8,644.05 meters.
To®Sextons, azimuth 330 08' 21".30, distance 10,735.88 meters.
To® Bluff Lake, azimuth 1960 66' 13".28, distance 10,351.34 meters.
To® Moccasin Springs, azimuth 1510 19' 46".59, distance 13,769.21 meters.
ToA Cape Glirardeau, azimuth 770 28' 35".
ToA Flag 57, azimuth 660 10' 18", distance 12,354 meters.
ToA Flag 64, azimuth 820 24' 28", distance 9,875.7 meters.
Stone marking poet, in Illinois; on bluffs about east of the village of Clear Creek; on

land owned by Mr. C6dx. To reach the station take the road leading tip (cear Creek
from Olear Creek Village and follow it about three-quarters of a mile beyond where road
copies to bluffs; station stands on high point just above this road. In front of little
ravine leading up to station the road as been cut quite a little below general level of
land by water running down it. Geodetic point is hole in top of stone.

D 13 H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 19' 4".93; meters +1,539, -311.
Longitude 890 24' 44".33; meters +1,091, -386.
Elevation: 351.87.
To® Clear Creek, azimuth 2650' 55', distance 2,949 meters.
Too 14 H.1, azimuth 2005°k, distance 1,910 meters.
Iron pipe in Illinois; 25 feet east of Illinois Central Railroad and 85 feet west of St.

Louis, Iron Mountain and Southern Railway (Illinois Division); about three-qutarters
of a mile above McClure Station and five-eightlhs of a mile above bridge at; Clear (,reek;
near point of curve of " Illinois Central, " where the latter leaves the " Iron MUounkttain
and 75 feet West ofe 12 H.

H. Doc. 50, 61-1--31
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(D 12 fr.
Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 19' 49"/.0; meters + 1,529, -321.
Longitude 89° 241 43".50; mtieters +1,071, -406.
Elevatioln: 3418.42.
A stake, in Illinois 9.3 feet west of center of track of St. Louis, Iron Mountain and

Southern Rail~vay(llinois l)ivision); about three-quarters of a mile above Mc(lure
Station; five-eighths of a mile above Clear ('rek; a ICdearlyy opposite point of curve
of the " Illinois Central " where it leaves the " Iron Mountain.'

A CAPE ROCK '04.

United States engineer office, St. Louis, Mo., 1904. (Chart No, 12.)
Latitude 37° 19' 41".13; meters +1,268, -582.
Longitude 890 29' 43".6S; ineter§ t+1,075, -402.
ToAMfinton, aziinuth 40 02' 16", distance 1,212.1 meters.
ToA Cape Girardeau, azimuth 42° 33' 12", distance 3,101.8 meters.
Hole surrounded by triangle in large rock, with surface sloping toward river and in-

clined about 30' from the horizontal, about 2j miles above Cape Girardeau, Mo.;
on point at Cape Rock; on slope of bank; 140 meters below Cape Creek; and near Gov-
ernment light.

14

Mississippi River Commission, 1S884. (Chart No. 12.)
Latitude 370 19' 33".09; iheters +1,020, -830.
Longitude 890 28' 45".23; meters +1,113, -364.
Elevation,: 350.22.
To E 14/1, azimuith '3380 21', distance 994 meters.
To 114/3, azimutih 1580 17', distance 1,859 meters.
Stone post, on Minton Point, Ill.; in cultivated field; 1 meter from fence and 130

meters abovo a fence corner; 200 meters from river bank; and 430 meters below mouth
of Devils Island chute. There is a well-traveled wagon road just in front of fence and
fringe of large timber between the road and river.

D 11 II.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 12.)
Latitude 370 19' 11".31; meters +349, -1,501.
rLongitlude 890 25' 06;".62; meters +163, -1,314.
Elevation: 350.38.
TorD12 IT-, azimuth 205F 46', distance 1,310 meters.
Iron pipe, at McClure Station, Ill.; 8 feet wvest of St. Louis, Iron Mountain and

Southern Railway (Illinois Division); 250 meters below Clear Creek; and 8 meters
south of -wagon road crossing, about 100 meters above the depot. It is 1,000 meters
east of the town of McClure on the Illinois Central.

A FLAG 54.

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 370 19' 14".24; meters +439, -1,411.
Longitulde 89° 29' 22",'.42; meters +552, -925.
Elevation: 350.30.
To(Clear Creek, azimuth 262° 20' 27", distance 9,875.7 meters.
To@Cape La Croix, azimuth 3460 46' 15", distance 8,256.5 meters.
To@Sextons, azinluth 3320 54' 24"/ distance 8,627.1 meters.
Stone post on left bank; 1 mile below Minton Point; 1,300 meters above East Cape

Girardean, il., on land of Jesse Minton; 130 meters from river bank' south side of road
leading east from Barney Randall's warehouse; 100 meters back ol farmhouse; 6 feet
northwest of 2-foot blazed cottonwood tree; and 2 feet southwest of a 1-foot blazed
sycamore.

E14

Mississippi River Commiqsion, 1884. (Chart No. 1a.)
Latitude 370 19' 03".12; motors +96, -1,754.
longitude 89° 28' 30".33; meters +747, -730.
EIlevation: Stone 341,70; pipe, 346.80.
To E1 14/2, azimuth 1580 21', (listallce 994 meters.

482
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Flat stone and iron lipe, in Illinois and 1,250 meters south from Alinton Point; 1,9)00
meters cast frornAMinton, on land of ElizAa MlcGee; 1 winter froin rail fence on south
itde of large field; and 80 mneters east of corner of field. A lane ruhs alone east side of

field to river.
A MINTON.

United States engineer office, St. Louis, Mo., 1897. (Chart No. 13.)
Latitude 370 19' 01J'..91; meters +59, -1,791.
Longituidel 890 29' 47".15; meters +1,161, -316.
Elevation: 346.41.
ToAColrt h-oiuse, azimuth 570 20' 13", distance 2,521.8 meters.
ToAUnion Mill, azimuth 580 35' 30", distance 2,237,6 motors.
ToACape Rock '04, azimuth 1840 02' 14"' distance 1,212.1 meters.
ToACape Girardeau, azimuth 610 52' 09'), distance 2,281.8 meters.
ToASt, Vincent, azimutlr43 232' 16", distance 3,203.7 meters.
ToAPumping Station, azimuth 80° 36' 47" distance 1,702.2 meters.
ToA Marble City Mlills, azimuth 620 38' 37'), distance 2,153 inters.
Iron pipe, painted white, on left bank and one-half mile above Enast Cape cirardeau,

Ill.; near group of large trees on river side of road; about 200 feet above I1lurdle No. 1;
300 feet south of southwest corner of house; 46 feet west of 36-inch blazed cottonwood
tree and 41 feet north of 30-inch blazed sycamore tree.

A PUMPING STATION.

United States engineer office, St. Louis, Mo., 1897. (Chart No. 13.)
Latitude 370 18' 52"1.90; meters +19631,. -219.
Longitude 89° 30' 55".35; meters +1,363, -115.
Iron stack of waterworks above Cape Girardeau, Mo.

A MARBLE CITY MILLS.

United States engineer office, St. Louis,, Mo., 1897. (Chart No. 13, station not
plotted.)
Latitude 370 18' 29".81; meters d-919, -931.
Longitude 890 31' 04".80; meters +±118, -1,359.
Brick chimney of the Marble City mills at Cape Girardeau, Mo.

A CAPE GIRARDEAU - 3-

Mississippi River Oommissioh, 1880-81. (Chart No. 13.)
Latitude 370 18' 27".01; meters +833, -1,017.
Longitu(le 890 31' 08".86; meters +218, -1,260.
Elevation: 439.48.
To®Floral, azimuth 2210 34' 50", distance 5 909.5 meters.
To®Cape La Croix, azimuth 3250 33' 30", distance 7,979.4 meters.
To®Clear Creek, azimuth 2570 23' 29".
ToeSoxtons, azimuth' 313° 31' 20".
ToAMinton, azimuth 2410 51' 19", distance 2,281.8 mieters,
ToACape Rock azimuth 2220 32' 20", distance 3,101.8 meters.
ToACollege Point, azimuth 00 30' 54", distance 1,147.5 meters.
ToAFlag 55, azimuth 3080 52' 43", distance ] ,515.2 meters.
ToA Flag 57, azimuth 332021' 57", distance 4,647.1 meters.
ToASt. Vineent, azimuth 80 51' 18" distance 1,261.7 meters.
ToOP. B. AM. 54, azimuth 326' 10', distance 191 meters.
ToEl 13/2, azimuth 281° 52', distance 1,642 meters.
Square stone post, on site of old Fort "A " in Cape Girardeau, Mo.; on high hill iiear

old lime kiln, between Marble City mill and Union flour mill; just north of Belleview
street; 3 feet east of fence and 15 feet north of southeast corner of garden.

A UNION MILL (Cape Glrardoau.)

United States engineer office, St. Louis, Mo., 1897. (Chart No. 13, station not
plotted.)

Latitude 370 18' 24".08; meters +742, -1,108.
L1ongitude 89' 31' 04".69; meters +116, -1,362.
Brick Chimnoy of Union mill at Cape Giirardeau, Mo

483
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0 P. 1. M. 64.

Mississippi River Commission, 1881 and 1884. (Chart No. 1.3.)
Latitude 37° 18' 21".87; meters +674, -1,176.
Longituide 89' 31:' 04 "54; motors +112,--1,366.
Elevation: 353.51.
To&Capo Gtirardeau, azimntuth 1460 10', distancee 191 motors.
Center of horizontal copper bolt, in the outer vertical face of stone step, which

exten(ds ullnler buttress at the northeast corner, recond entrance from the north, to
Riverview Iotel on Water street, Cape Girardeau, Mto.

A COURT-1HOUSE.

United States engineer office, St. Louis, Mo., 1897. (Chart No. 13.)
latitude 37° 18' 17".76; meters +548, -1,302.
Longitude 890 31' 13".35; meters +329, -1,149.
Center of dome of court-house at Cape Girardeau, Mo.

13

Mississippi River Commission, 1884. (Chart No. 13.)
Latitude 370 18' 16".06; meters +495, -1,355
Longitude 80 30 03".62; meters +89, -1,389.
Elevation: :344.23.
TOACape Girardeau aimuth 1010 52', distance 1,642 meters.
ToAFlag 55r, azimuth 340 541, distance 748 meters.
To i 13/1, azimuth 2810 48' distance 609 meters.
Stone post, on the east bank of a prominent slough in Illinois; due east from dome

of court-?ose in Cape Girardean, Mfo.; 400 meters from river bank; 275 meters, south
of road running east from river; 6 meters southeast of pecan tree' a little south of east
from a two-story house, with square, flat roof, east of old railroad incline.

13

Mississippi Rioter Commission, 1884. (Chart No. 13.)
Latitude 370 18' 12/".03; .meters +371, -1,479.
Longitude 890 29' 39".43; meters +971, -607.
Elevation: Stone, 343.81; pipe, 350.03.
To Ei 13/2, azimuth 1010 48', distance 609 meters.
Flat stone and iron pipe, 1,000 meters from old "Illinois Central" incline below

East Cape Girardeau, Ill.; on land of C. Cherry; 375 meters south of road running east
from river; directly south of log house standing near and on south side of -lane; and
about 400 meters west of lane running north and south.

A FLAG 55.

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 370 17' 56".17; meters +1,732, -118.
Longitude 890 30' 20".99; meters +517, -961.
Elevation: 346.94
To® Sextons, azimuth 3140 27' 54", distance 7,527.7 meters.
To®Cape La Croix, azimutht3290 22' 4"' distance 6,543 meters.
To&Cape Girardeau, azimuth 1280 53' 12', distance 1,516.2 meters.
Too 113/2, 'azimuth 2140 64', distance 748 meters.
Stone post., in Illinois and opposite Young Ladies' Academy at Cape Girardeau, Mo.;

on land of Lawyer Houck; 650 feet from river bank; and 4 feet south of a blazed 2-foot
cottonwood tree.

A COLLEGE POINT.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 13, station not
plotted.)

Latitude 370 17 49".79; meters +1,535, -315.
Longitude 8390 31' 0o.28; meters +229, -1,249.
ToACapoe Girardeaul, azimuth 1800 30' 54," distance 1,147.5 meters.
Iron pipe, on prominent point on right bank of river; near northern bou'ndary of

St'. Vincent College in Cape Girardeau, Ao.; on small grassty mound on high rock
bank; 1,150 feet below train shed; 850 foot below lower'stone dike; anld 45 foot on
river sido of Wain railroad track. (Not found, 1908.)
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A ST. VINCENT.
United States engineer office, St. Louis, Mo., 1897. (Chart No. 13.)
Latitude 370 17' 46".57; meters +1,436, -414.
Longitude 890 31' 1&".75; meters +4 13,-1,065.
Center of cross on St. Vinceint CQllege at Cape Girardeau, Mo.

®D 10 H.

Board on Examination an(d Survey of Mississippi River, 1908. (Chart No. 13.)
L'atitud(]e 370 17 44,".56; meters +1,374, -476.
Longitude 890 25' 59".03; meters +1,454, -24.
Elevation: 346.65,
ToW11 11, azimuth 2050 47', distance 2,968 meters.
Iron pipe, 8 feet west of St. Louis, Iron Mountain and Southern Railway (Illinois

Division); 1 miles below station at, McClure, Ill.; and 640 feet l6elow trestle No. 143.

A LEMING'S MILL.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 13.)
Latitude 370 17' 29".47; meters +909, -941.
longitude 890 31' 20".17; meters +497, -981.
Round iron stack of Leming's upper sawmill near lower part of Cape Girardeau, Mo.

( 8 H.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 13.)
Latitude 37? 17' 28".86; meters +890, -960.
Longitude 89' 26' 05".27; meters +130, -1,348.
Elevation: 345.09.
To(D9 H1, azimuth 1930 14' distance 252 meters.
Iron pipe, 25 feet west of ,qt. Louis, Iron Mountain and Southern Railway (Illinois

Division)i about 2 miles below station at McClure, Ill.; 550 feet below trestle No. 144t;
and near iower point of curve.

12

Mississippi River Commission, 1884. (Chart No. 13.)
Latitude 370 16' 21".91; meters +676, -1,174.
Longitude 890 30' 07" .87; meters + 194, -1,284.
Elevation; Stone, 345.04; pipe, 350.13. (Pipe, 348.51, 1908.)
ToAFlag 57, azimnuth 2910 45', distance 703 meters.
ToOt12/2, azimuth 580 49', distance 608 meters.
Flat stone and iron pipe, in Illinois bottom land; 700 meters from river bank and

about 1,100 meters below Giboney Island; near edge of timber; and 2 meters from
southwest bank of old slough

A FLAG 57.

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 37" 16' 13".46; meters +415, -1,435.
Longitude 890 29' 41".36; meters + 1,019, -459.
Elevation: 344.35.
To®Sexton's, azimuth 295° 35' 54", distance 4,873.7 meters.
To@ Clear Creek, azimuth 2360 06' 06", distance 12,354 meters.
To®Cape La Croix, azimuth 3160 16' 34" distance 3,409.8 meters.
ToACape Girardeau, azimuth 1520 22'53', distance 4,647.1 meters.
ToOl2/1, azimuth 1110 45', distance 703 meters.
Stone post, oil left bank; 2& miles below East Cape Girardeau, 111; 300 feet west of

county road; 3,300 feet from river bank; 175 feet southwest of A. Weather's -house;
and 7 feet northwest of a 30-inch blazed cotton-wood tree.

(D 7 1.

Board on Examinaton and Survey of Mississippi River, 1908. (Chart No. 13.)
Latitude 370 16' ll.,78; meters +36:3, -1,487.
Longitude 890 26' 18".54; meters --457, -1,021.
1'lovaitioin : 344.59.
TrOws 11, azimuth 1870 50', distance 2,397 meters.
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Iron )1i)e, 10.7 feet. WA'emt of St. ILotiitH, Iron Moiitif liinI 111(d S(oiitlierii [1iii way (Illinois
Divisi;ion); 17 feet. (?est, froni 81l)111' t-rack leai(nl to I Iii s ( 'enitrtil Iliilroad 1,I inmiles
ahove ( left.111. ; I,20 meters ab)ov l)ri(dge over 8exton Crook; atitd ait point, of nearest
al)l)roag(h of (creek to railroad iu this vicinity.

P2

Mlississippi River Coommisstion, 1881. (Chart, No. 13.)
LatitUde 370 .16(' 1".70; mneters +361, - 1,489.
Longitude 890 30' 28"X.97; meters ±--71]1, --764.
Elevation: 34l4 .05.
ToRi 12/1, azilliutth 2380° 49', distancee 608 neoterS.
Stone post., 75 meters from lbft bank of river; about 1 150 neters below Giboney

Island; in timber an~d 600 motors below edge of cullivated field.

Missisippi Rliver Commission, 188'4. (Chart No. 13.)
Latitude '370 15' 39".28; meters ±1,211, -639.
ongitlide 890 27' 20".53; meters ±506, -973.

Elevation: tone, 336.42; pipe, 34 1.61.
To[3i11/2, azimiuth 380 21', (llstanc3 6538 meters.
Flat Stolelland iron 1)i1)0, 1 3(0 meters abovo roundhouse at Gale, Ill.; 1,000 meterN

from river 1) lak, opposite 6rays Point, oo.; in c'ultivate(l field; aind 100 meters
toward river from edge of, timber. (Pipe lying on ground, stone not found, 1907.)

R1232
Mississippi River Commission, 1884. (Chart No. 13.)
Latitude 370 15' 36'<.48; meters +1,124, -726.
Longitude 890 331' 40"'.78; nieters +1,005, -474.
Elevation: 344.63.
Toro 12/4, azimuilth 5)80 26', distance 758 meters.
Stone post, on right bank and 3 miles below Cape Girardeau, Mo on (l1(nd of St.

Vincent College; 150 meters from river bank; 10 meters cast of Cape la Croix Creek;
3 meters vest of fence running to a large two-story white hous6; and 75 mieters from
bend in fence.

$3 3 II,

Board on Examination and Survey of Misissippi River, 1908. (Chart'No. 13.)
Latitude 370 15' 34".24; meters +1,056, -794.
Longitude 890 26' 31".45; meters +775, -704.
Elevation: 340 67.
Iron il)e, in Illinois bottom land; 22 feet easteof main track of Illinois Central

Railroad (Carbondale and Cairo Division); directly opposite and wet of wagon and
railroad bridges over Sexton Creek; I mile above Gale, Ill.; and just above upper
end of the Illinois Central Railroad yards.

1.3 1 2
El4-

Mississippi River Commission, 1884. (Chart No. 13.)
Latitude 370 '15' 23".012; ffieters +728, -1,122.
Longitude 89.9 32' 06".97; meter. + 172, -1,307. -

Elevation: Stone, 342.03; pipe, 3417.13.
Tori 12/3, azitnuth 2380 26', (listtin(e 758 meters.
Flut Stone and iron pil)e, onl right bank of river and 3 miles below Cape Girardeau,

Mo.; 9900 meters from river bank an(l 700 meters baCk from Cape La Croix Creek; on
land of St. Vincentl Collegre; I meter noftfli of fence, oil north si(1o of field; about
25() meters out, frotim timilber; 150 meters fromn northwest corner of field; rind 2 meters
north of a 6-foot cottonwood tree.
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-2.

Misskissippi River Commission, 1884. (Chart No. 13.)
Latitudo 3708 15' 22".55; ineters +695, -1,155.
Longitude 89° 27' 37".10; rieteri +914, -565.
EElevation: 340.23,
Too)Cape La Croix, azimuth 38° 16', distancee, :1,140 meters.
To[l I ll/, azimnuth, 2180 21', distance 6)58 rnoterq.
Stone -post, in Illinois bottom land and opposite Orays Point, .Mo.; 1,050 meters

above roundhouse at Gale III.; 300 meters from river bank; in field, and 125 meters
back from roa(I along old Ligh river bank.

(D 2 1I.

Board on Examination and Survey of Mfississippi River, 1908. (Chart No. 13.)
Latituldo 370 15' 1'4" .14 l,meters +436, -1,414.
Longitudo 89° 216' 47". 16; meters +1,12, --317.
Elevation: 340.22,
To@Sextons, azimulth 3390 58', (distance 298 meters.
To$'3 1I, azimuth 2110 58', (listanlwe 730 meters.
A stake, on left bank of river; 23 fee t enst. of ('enter of track of Illinois (entral Rail-

roa(l (Carbondale fidand Cairo Division); about; 88() feet; above northern end of (Gales
railroad station (Illinois Central); anl( near lower endl of the railroa(1 yards.

® I IT.
Board on Examination and Survey of Mississippi River, 1908. (Chart No. 13.)
latitu(le 370 15' 06".87; meters -1-212, -1,6f38.
Longitude 890 26' 52,".76; meters +1,300, -179.
Elevation: 3,14.00. -
TopSextons, azimuth 2830 03', distance 2417 meters.
To®f7 HI, azimuth 2110 18', distancee 26I4 meters.
Iron pipe, 2,5 feet east, of center of main track of Illinois Central Railroad (Carbon-

lale anrd Cairo (division); at lower en(l of mhain side track. of the Illinois C'entral Rail-
roadkand 115.8 feet north of northern end of Gale station.

© SEXTrONs.
MiAsisippi-Rivcr Commission, 188(0-81. (Chart No. 13.)
Latitude 370 VV 05"'.07; meters + 156, -1,6094.
Lonrvitudo 890 26' 42".99; meters + 1,059, -420.
Too(Capo La Croix, azimuth 800 051 31".57, distancee 2,070.64 meters.
Toa Day, azimuth 210 26' 22".24, (listance 2,15:3 77 meters.
ToAFloral, azimuth 1660 09' 46".26,, distance 10,96t3.410 meters.
ToaClear Creek, azimuth 2130 05n 57".00, distancee 10,735.88 meters.
ToA Cape Girardeati azimuth 1j330 3' 0(0".
ToA, Flag! 55, azimuth i3410 3(0 06", (listance 7,527.7 nmeters.
Toi, Flag 57, azimuth 1150 37' 42", dlistancee 1,873l.7 meters.
Hole in center of stono nariking p)ost, oln Illinois bluffs; on second high point of first

high bluff above the mouth of Sexton ('reek; east, from Illinois C(ntral IIRailroald state ion
at (Gale, Ill.; on land owned by J. N. Gale. 0Io reach the stat.oii tako road1 leading
back from river bantk near the hcVad of Rock sltand; follow roatl across (cr(ek ind(l o)th
railroads to siguboard " Robinson spur," then turning to the left follows the woods road,
beginning at that point, up the bluff; road passes 2 meters wvest of station.

H B. M. E.=,L.\GRAYS.

Mississippi River Commission, 1883; redetermined, United States engineer office,
St. Louis, MIo., 1899. ((Chart No. 1.3, Sttation not plotted.)

Latitude 370°1' 59"(Y.2t; meters +1,825, -25.
Longitude 890 27' 531". I;; meters + 1,317, -- 161.
,leP notie.l t4.2:l.i)

Tro Rock kitdnd , azimiuith '3o)1 :31", 1i,, taice I.()17.07 itiet(VI.
Ironm bolt leaded in solid rock, ota rihit bank; 5t) fetw east of ( o .vs l'oiPoit, :gnii, niear

bulletin board'I,.
Elevation (letermined(l in L)Dcemaber, .os1, 1b precise( levels froni p)recise level bench

marks 61 aud &8, 336.25.
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® CAPE LA CROIX-El 113
Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 370 1.' 53".51, meters +1,650, -200.
Longitude 890 28' 05".76; meters +142, -1,337.
Elevation: 180.67
To® Floral, azinuth 1760 57' 22".76, distance 11,016.98 meters.
To®Sextons, azimuth 2600° 04' 41".47, distance 2,070.64 meters.
To®Grand Chain, azimuth'80 57' 09".63, distance 3,461.35 meters.
Toe I)ay, azimuth 3220 45' 28".89, distance 2,070.31 meters.
ToA Cape Girardeau, azimuth 1450 35' 21", distance 7,979.4 meters.
ToA Flag, 57, azimuth 1360 17' 32", distance 3,409.8 meters.
To-A Flag 55, azimuth 1490 24' 02", distance 6,543 meters.
To [D 11/2, azimuth 218° 16', distance 1,140 meters.
Stone poit, on to) of Misoluri bluff ju3t above Grays Point, and on land of Capt.

Edlw. Gray; 1,000 feet front river bank. To reach station land at first little ravine
above Grays Point and climb bluff to the left. Stone is on point of ridge and a small
cemetery is on low ridge, toward river from stone.

0 P. B. M. r7.

Mississippi River Commission, 1881 and 1884. (Chart No. 13.)
Latitude 370 14' 53".47; meters +1,648, -202.
Longitude 89° 29' 05".49; meters +135, -1,344.
Elevation: 350.74.
Center of horizontal copper bolt, set in smooth vertical face of Missouri bluff; 350

meters below mouth of Cape La Croix Creek, and about 1,800 meters above Grays Point
gauge, being just in view of the lower part of Cape Girardeau; in ledge of blue or gray
limestone, at its upper or western extremity on land of the Taylor estate. It is 0.8
meter above the ground; 1 meter below top oU vertical part, and 10 meters downstream
from point where the ledge disappears under the ground. The letters "U. S. P. B.
M." are cut in the face of the rock.

A ROCK ISLAND.

United States engineer office, St. Louis, Mo., 1899. (Chart Nio. 13, station not
plotted.)
Latitude 370 14' 41".78; meters +1,288, -562.
Longitude 890 27' 18".38; meters + 452, -1,027,
ToE1B. Al. E.=-AGrays, azimuth 121 651' 53", distance 1 017.7 meters,
Wire nail in center of triangle cut in large flat bowlder, on lower side of Rock Island,

on left side of channel; about 100 feet from high bank and opposite Grays Point, Mo.;
station is about 150 feet downstream from government light tree on the island, and about
on line with the tree and the shore end of "Cotton Belt' incline, just below Grays-
boro, Mo,

® NORTH BASE.

Mississippi River Commission, 1880-81. (Chart No. AK.)
Latitude 370 14' 26".69; meters +823, -1,027.
Longitude 890 27' 49".10; meters +1,210, -269.
To® Day, azimuth 3140 17' 15".39, distance 1,176.47 meters.
To®South Base, azimuth 210 08' 51".48, distance 1,240.22 meters.
Cross on copper bolt leaded into stone marking poet, 1 foot under ground, at the upper

end of Graysboro, Mo.; 1,400 meters above mouth of Dorrity Creek; 150 meters north-
eastwardly from railroad roundhouse; between railroad track to incline and track to
roundhouse; on land of Capt. Edw. Gray, and 500 feet above line fence between Gray
and Houck.
Magnetic bearing to dome of court-house at Thebes, Ill., south 130 east; to ® South

Base, south 151° west; to ®Cape La Croix, north 320 west. Surface mark is a black
walnut post 6 inches square branded " U. S." with mound built around it.

® DAY.

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 37° 14' 00".04; meters +1, -1,849.
Longitu(le 890 27' 14".93; meters +368, -1,111.
Elevation: 473.67
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To®North Base, azimuth 1340 17' 32".83, distance 1,176.47 meters.To®South Base, azimuth 750 26' 03".12, distance 1,332.46 meters.
To®Sextons, azimuth 2010 26' 02".91, distance 2,153.77 meters.
To®Cape La Croix, azimuth 1420 45' 59".65, distance 2,070.31 meters.
To®Thebes, azimuth 00 19' 03".47, distance 2,747.74 meters.
To®Grand Chain, azimuth 450 20' 19".68, distance 2,519.18 meters.
Stone post, in cleared spot oln Illinois bluffs, about three-quarters of a mile above

Thebes and 1,000 feet from the river. It is oil land owned by Mr. Day, and directly
back from prominent point where rock exposed at low water projects out into river.
At small house close to river bank stands at upper end of bluff.

® SOUTH BASE.

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 370 13' 49".17; meters +1,516, -334.
Longitude 890 28' 07".25; meters +179, -1,300.
To®Day, azimuth 2550 25' 31".47, distance 1,332.46 m meters.
ToPThebes, azimuth 3320 08' 48".96 distance 2,728.50 meters.
To®North Base, azimuth 2010 08' 37)'.27, distance 1,240.22 meters.
Cross onl copper bolt leaded into stone marking post, 1 foot under ground; on

center line, prolonged, of road leading to bluffs from lower end of Graysboro, Mo.;
near top of river bank; on land owned by Lawyer Houck; about 100 feet above
line fence between IRouck and Ilinman. Magnetic bearing to dome of court-house
at Thebes Ill., south 3710 east; to domn on schoolhouse, at Thebes, south 48° east;
to ® North l3ase, north 15j° east. Surface mark is a black locust post 6 inches F qus.re
branded "U. S.," with a mound built around it.

A THEBA.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 13, station not
plotted.)
Latitude 370 13' 23".37, meters +720, -1,129.
Longitude 89° 27' 47//.96; meters +1,182,--297.
ToADorrity, azimuth 84° 22' 27", distance 690.9 meters;
ToeAChain, azimuth 40 49' 02", distance 936.4 meters.
lIolo in large rock or bowlder, below high left bank and nearly in line with north

line of schoolhouse at upper end of Thebes, Ill.

A DORMITY.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 13, station not
plotted.)

Latituide 370 13' 21".17; meters 4-653, -1,197.
Longitude 890 28' 15".85; meters +391, -1,088.
ToATheha, :azimuth 2640 22' 10", distance 690.9 meters.
ToA Chain, azimuth 3240 51' 40", distance 1,058.1 meters.
Hole surrounded by triangle in largest bowIder of first group below Manning Land-

ing, Mo.; 1,000 feet below lower end of warehouse, and 150 feet out from high bank.

A GABLE OF COURT-IIOU1SE. .

United States engineer office, St. Louis, 1899. (Chart No. 13.)
Latitude 370 13' 10".23; meters +315, -1,535.
Longitude 890 27' 37".50; meters +925 -555.
Front gable of court-house at Thebes, Ill.

@ GRAND CHAIN-. LaO

Mississippi River Commission, 1880-81. (Chart No. 13.)
Latitude 370 13' 02".59; meters +80, -1,770.
Longitude 890 28' 27".61; meters +681, -798.
Elevation: Stone, 435.08; pipe, 439.03.
To® Day, azimuth 2250 19' 35".71, distance 2,519.18 meters.
To® Uncle Joe, azimuth 347°0 04' 48".60, distance 2,252.82 meters.
To®Thebes, azimuth 298° 47' 37".35, distance 2,027.48 meters.
Totl 10/3, azimuth 272° 33', distance 103 meters.
Tile and iron pipe (originally a stone post) on Missouri bluffs; I}about 300 feet north

of point of curve of west approach of Thebes bridge; and on edge of cleared field.
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3

Mississippi River Commission, 1884. (Chart No. 13.)
LatitudIe 370 13' 02".'14t; meters d-75, -1,775.
Loligituide 890 28' 23".45; hleters +-P578, -901.
EleNvationi: Sto(le, 3n19.05; pipe, 363.
Too0?, r11nd Chain, tuZlmutlh 92' 33', stancee 103 meters.
TO'3 10/2, aziintilii 272' 36', (dilstance I1,088 meters.
Tilo nid ironi pipe, onl Alissouri alink; in woods and;110 motels back froin river; 20

meters east, 0o road; o1 e(lge of railroad right of way; about 100 met ers north of Thebes
Bridge and almost oln lineo Withi tangent of ''"Frisco" railroadl that passes under thO
bridge.

LJ U.S. 1B. M. 44.

United States engineer office, St. Lolli's, Ato., 1872. (Chart No. 13.)
Latitue 370 12' 314".86; meters +1,075, -775 (scaledI from map).
Longitude 890 28' 18".08; meters +4'16, -1 ,034 (sallelvd from map).
Eleva tion : 32,15.05. (Precise levels, .)ecC(iber, 1908, '25.33.)
Square knwo) onl first large bo(wider of "'Grand Chain,' o1 Mfissouri shore; 1225 fcet

below secoml. creek l)elowV Thebes Bridge; 60 feet east of blazed 8-inch cottonIwood
tree; al(d on line with second bridge pier, from Illinois side, aind Trhebes Hotel.

* ~~~~~~~I()

Mississippi River Commission, 1884. (Chart No. 14.)
Latitulde 370 ]3' 00".84; meters +26, -1,824.
Longitude 890 27' 39".38; meters +971, -508.
Elevation: 358.27.
ToE 1O/3, azimuth 92' 36', distance 1,088 meters.
Stole post, oil froint.slope of bluffs, inThebes, Ill.; about 100 meters below lower houseC

at foot of bluffs; a few meters hack of road; an(l directly in front of a large blazed beech
tree. A vertical face of rocks 200 meters fromn river bank is just back of station.

A CHAIN.

United States engineer office, St. Louis, Mo., 1896 and 1899. (Chart No. 14.)
Latitude( 370 12' 53".10; meters +1,637, -213.
Longitude 89' 27' 51".15; meters +1,261, -218.
Elevation: 321.26.
ToATheba, azimutith 184° 49' 06",'distance 936.3 meters (1896).
ToATheba, azimluth 1840 49' 00", distance 936.4 meters (1899).
ToA H-ut, azinimuth 338° 09' 50", distance 1,421.6 meters (1896).
ToADorrity, azimuth jl441 51' 55", distance 1,058.1 meters (1899).
To -AGrandli, azinmuith 220 25' 60", dista ice 928.6 meters (1896).
Hole surrolulnded by triangle in ]argo bolder, in outer group of rocks just below

Thebes, Ill. Station is nearly opposite the head of Grand Chain and is under water at
about a 12-foot stage, St. Louis gauge.

@ THEBES.

Mississippi River Commission, 188081. (Chart No. 14.)
Latitude 37° 12' 30".91; meters +953, -897.
Longitude 890 27' 15".55; meters +383, -1,097.
ToSouth Base, azimuth 1520 09' 20".24, distance 2,728.50 meters.
To(@Day, azimuth 180° 19' 03".10, distance 2,747.74 meters.
To(Grand Chain, azimuth 1181 488' 20".93, distance 2,027.48 meters.
Too Lassar, azimuth 3300 52' 21".01, distance 3,002.37 meter.
To@Uncle Joe, azimuth 460 15' 00".83, distance 1,762.76 meter.
Stole post, oln highest point of Illinois bluffs, 1 mile below the village of Thebes;

one-third of at mile from river bank; on land owned by Rowling and Marchildon near
center of cultivated field with an orchard in northwest corner; and black of timber
belt on slope along river. The road in first ravine below Thebes leads to the top of the
bluff.
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A GRAND.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14.)
latitudo 370 12' 25".26; meters +779, -1,071.

-Longitudeo 890 28' 05".52; meters - 136, -1,34A
ToAChain, azimuth 2020 25' 41", distance 928.0 meters.
ToAlIHut, azinluth-2970 34t' 41", (listanco 996.3 meters.
ToAJoC, azimuth 3440 10' 45", distance 1,190,5 meters.
Hole surrounded by-triangle, in top of large flat-topped bowklor on right hank and

near midd(le of the Grand Chain (Missouri shore); about 1 mile below Thebes, Ill.;
about 200) meters out from high bank and fence. Station is on one of three largest
bowiders in southern part of the chain.

A hIUT.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14.)
latitude 370 12' 10,.30; meters +318, -1,532.
Longitude 890 27' 29".70; meters +732, -74,.
To't Grand, azimuth 1170 35' 03", distance 996:3 meters.
To1lChain, azimnlth 1580 10' 03", distance 1,421.6 meters.
ToAJoe, aztimith 390 13' 55"-, distance 883.2 voters.
H1ole slurroun(led by triangle on large flat rock, on Illinois shore; about 1 mile below

Thebes and ol)posite Counterfeit Rock in Missouri; above old lithograph stone quarry;
just below small log house on high bank. ,It is exposed at a 10-foot stage, St. Louis
gauge.

0 P. B. M. 68.

Mississippi River Commission, 1S81 and 1884. (Chart No. 14.)
Latitude 370 ,12' 01".76; meters +54, -1,796.
Longitude 890 28' W0.86; meters +21, --1,459.
Elevation: 349.99.
TovUncle Joe, azimuth 250 56', distance 357 meters.
Center of horizontal copper bolt, leaded in the vertical face toward the river, of the

middle one of three large rocks, the lowest and largest ot which forms a part of the
Mlissouiri l)ank of the river, and is known as "C('ounterfeit Roeck." It is 10 meters from
thle tol) of the river bank; 80 meters above the line between Matthew Roe anid H. S.
Wray; 600 meters above Uncle JOe Landing; onl land of Matthew Roe; and about 3
miles above Commerce, AMo. It is about 0.8 meter above the ground and the letters
"U. S. P. 1B. AM. " are cut in the rock.

() UNCLE JOE.

Missis8ippi Ritver Commission, 1880-81. (Chart No. 14.)
Latitll(le 370 1ll 51".36; meters +1,583, -267.
Longitude 890 28' 07".18; ineters> +177, -1,303.
To~tHafner, azimuth 3350 16' 45".95, distance 3,594.48 meters.
TooThobes, azimuth 2260 14' 29"1.61, distance 1,762.76 meters.
To0Jassar, azimuth 2970 09' 43".56, distance 3,074 meters.
To@Grand Chain, azimuth 1670 05' 00O".95, distance 2,252.82 meters.
Stone post, on right bank of river; about 3 miles above Commerce, NMo.; about 1,000

feet from river bank and a little above government light near Uncle Joe Landing; near
the summit of a partly cleared bluff on land owned by Samuel Wray.

A JOE.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14, station not
plottedl.)

Latitude 370 11' 48".10; meters +1,483, -367.
Longitude 89° 27':52".35; meters +1,291, -189.
To^Mlut, azimuth 2190 13' 41", distance 883.2 meters.
ToA Grand, azimuth 1640 10' 53", distance 1,190.5 meters.
ToA Bowlder, azimuth 3420 05' 01", distance 1,672.9 meters,
Hole surrounded by triangle in top of large bolder, about 150 meters above Uncle

Joe Landing, TMo.; about 35 feet from government light; under high bank and exposed
at a 20-foot stage, St. Louis gauge.
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® LASSAR.

Mississippi River Cominission, 1880-81. (Chart No. 14.)
Latitude 370 11'VO,".83; meters + 180, -1,670.
Longitudeo 890 26' 16".30; meters +402, -1,078.
To© ULncle Joe, azin.utth 1170 10' 60".69, distance 3,074 meters.
To@Santa Fe, 'azimuth 3270 48' 51".09, distance 2,209.33 mneters.
Toc)'Phebes, azimuth 1,600 52' 56"'.83, distance 3,002.37 meters.
Toq)Lfafner, azimuth 330 30' 30"'.68, distance, 2,232.38 meters.
StoImO post, on left bank of river; about'it milcs above Fayville (Santa Fe), Ill.;

750 meters back fro n river; on land owned by Ars. Lassar; in timber and close to a
woods road that leaves the county road (running along river bank) near an old shanty.

A BOWLDER. -

United States engineer office, St. Louis, Mlo., 1896. (Chart No. 14, station not
plotted.,)

Latitude 370 10' 56".47; meters +1,741, -1.09.
Longitude 89° 27' 31".49; meters +777, -703.
ToAJoe, azimuth 1620 05' 14", distance 1,672.9 meters,
ToAMluddy Creek, azimuth 2740 41' 47", distance1,1321.1 meters.
ToASimpson 369, azimuth 3230 26' 31", distance 1,581.5 meters.
Hole surrOll(led by triangle in top of bowider, on right bank and in middle (f

Hancock Rocks (fourth group above Comnperce, Mo.); about 1,000 feet above govern-
ment light and under water at a 10-foot stage, St. Louis gauge.

A MUDDY CREEK.

United States engineer office, St. Louis, AMo., 1896. (Chart No. 14, station not
plotted..)

Latitude 370 10' 53"'.46;, meters +1,648, -202.
Longitude 89° 26' 45".75; meters +1,129, -351.
ToeA 3oi0(ler, azimuth 940 42' 14", distance 1,132.1 meters.
ToeASimpson 369, azimuth 80 59' 52", distance 1,192.3 meters.
Hole surrounded by triangle in shaly rock ledge; on Illinois shore and opposite

third group of rocks on right bank and above Commerce, Mo.; 150 feet out from high
bank and exposed at a 6-foot stage, St. Louis gauge.

9

Mi8sissippi River Commission, 1884. (Chart No. 14.)
Latitude 370 10' 27".08; meters +835, -1,015.
Longitude 890 26' 14".57; meters +359, -1,121.
Elevation: 367.30.
To@ilafier, azimuth 620 23', distance 1,439 meters.
Too3'9/3, azimuth 620 23', distance 1,150 meters.
Stdne post, on left bank of river and 1,300 meters above Fayville (Santa Fe), Ill.;

75 meters above a ravine; 115 meters back from river bank; and 600 meters below
trestle of Chicago and Eastern Illinois Railroad; 3 meters west of well defined and
traveled road and 1 meter east of fence.

A STONE LINE.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14.)
Latitude 370 10' 25".34; meters +781, -1,069.
Longitude 89' 26' 18".31; meters +452, -1,028.
Elevation: 331.98.
To®Hafner, azimuth 629 35' 23", distance 1,332.4 meters.
ToASimpson 369, azimuth 700 12' 46", distance 917.6 meters.
ToASimpson 371, azimuth 17° 30' 66", distance 1,510.7 meters.
ToeABrother, azimuth 160 51' 14", distance 1,501.6 meters.
ToAMill (Commerce), azimuth 160 57' 21", distance 1,596.2 meters.
Iron pipe, in Illinois; about 1,300 meters above Fayville (Santa Fe) and 3 meters

below the Ilafner stone line (No. 9); under high bank, on outer edge of timber; 6
feet downstream from an 18-inch blazed cottonwood tree; 14 feet upstream from a
6-inch blazed sycamore tree, and nearly in line with them.



WATERWAYS ST. LOUIS TO THE GULF AND CHICAGO. 493

A SIMPSON 369.

United States engineer office, St. Louis, Mo., 1878; redetermined, 1896. (Chart
No. 14, station not plotted.)

Latitude 370 10' 15".26; motors +470, -1,379.
Longitude 89' 26' 53".31; meters +1,315, -165,
To6Simrtson 371, azimuth 3400 06' 23", distance 1,201,6) meters,
To Al ddy Creek, azimuth 1880 69' 48", distance 1,192,3 meters.
TWA Brother, azimuth 3390 11'11", distance 1,205 meters.
ToA: Bowider, azimuth 1,13° 26' 54", distance 1,581.5 meters.
ToA Stone Line, azinuth 250' 12' 21", distance 917.6 meters,
Holo surrounded by triangle in top of bowlder, on right bank and in first group of

rocks above Commerce, Mo, It is almost directly in front ofeHafner on the Mis-
souri bluffs.

3

Mississippi River Commission, 1884, (Chart No. 14.)
Latitud9e 370 10' 09".79; meters +302, -1,548.
Longitude 890 26' 55",.87; meters +1,378, -102.
Elevation: Stone, 350,19; pipe, 355.27.
To®Ilafner, azimuth 620 22f, distarnce 289 meters.
ToCD9/2, azimuth 2420 23', distance 1,150 meters.
Flat stone and iron pipe on right bank and about 1,200 meters above Commerce,

Mo.; on slope of bluffs at edge of timber; in front of A Ilafner on top of bluffs; 100
meters from river bank; 20 meters above a ravine, and 50 meters above fence at upper
edge of field.

® HIAFNER=W-E

Mississippi River Commission, 1880-81. (Chart No. 14.)
Latitude 370 10' 05".44; meters +168, -1,682.
Longitude 860 27' 06".25; meters +154, -1,326.
Elevation: 616.40..
To®Commorce, azimuth 3360 32' 38"/.83, distance 3,290.22 meters.
To® Lassar, azimuth 2130 30' 00".50, distance 2,232.38 meters.
To®Uncle Joe, azimuth 1550 17' 22".78, distance 3,594.48 meters.
To®Santa Fe, azimuth 2700 11' 32".66, )distance 2,409.26 meters.
ToAStone.Line, azimuth 2420 34' 54", distance 1,332.4 meters.
ToED9/2, azimuth 2420 23', distance 1,439 meters.
ToCD9/3, azimuth 2420 22', distance 289 meters.
Stone post on right bank of river; at eastern edge of field on top of hill, three-quarters

of a mile above Commerce, Mo.; directly back from chain of large bowiders jutting
into the river. Small oak with branches trimmed off near the top, east 35 feet; small
oak, south 27 feet. To reach station: Go up the hill (from the chain of bowlders)
alongside the fence to a road; follow road up to the field, then turn to the left, and
follow a fenceabout 200 feet.

® SANTA FE.

Mississippi River Commission, 1880-81. (Chart No. 14.)
Latitude 370 10' 05".16; meters +159, -1,691.
-Longitude 890 25' 28".60; meters +706, -774.
To@}Commerce, azimuth 200 04' 58".13, distance 3,204.80 meters.
To®Hlafner, azimuth 900 12' 31".65, distance 2,409.26 meters.
To® Lassar, azimuth 1470 49' 19".92, distance 2,209.33 meters.
Too8/2, azimuth 3380 43' 29" distance 3,256 meters.
Iron pipe, on top of Illinois bluffs; directly back of Fayville (Santa Fe), Ill., and

about 550 meters from river bank; on land of J. II. Storey, on the highest peak in the
vicinity. Pipe set about 3 inches above the surface of the ground.

$ 4 112.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 14.)
Latitude 370 10' 04".80; meters +148, -1,702.
Longitude 890 21' 10".79; meters +266, -1,214.
Elevation: 349.67.
Iron pipe, at Olive Branch, Ill., 10 feet east of northeast corner of Chicago and

Eastern Illinois Railroad station and near edge of platform; on line with south rail of
talent below (northeast of) Olive Branch. (Station marked on map thus: oTarget
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Board on examination and Survey of Mississippi River, 1908. (Chart No. 14.)
Latitude 37' 09' 41".32; meters +1,274, -576.
Longitude 890 2`' 13".56; meters +335, -1,146.
Elevation: 359.75.
ToAButrnham '07, azimuth 290 47'- distance 1,491 meters.
Too8/2, Azimuth 3400 35', distauco 2,438 meters.
Iron pipe, about one-half mile below Fayvlyle (11I.) railroa(d station, at point where

second creek below Fayvillo was diverted to pass under track at bridge 450 meters
above; in line with north rail of tangent (Chicago and Easterni Illinois Railroad) below
the point and 210 meters above a road crossing. (Station marked oln map thus:
- Target 1-li.)

A BROTHER.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14.)
Latitude 37°0 09' 38".72; meters +1,194, --656.
Longitude 890 26' 35f".96; meters +887, --594.
Elevation: 319.67.
ToAStoneline, azimuth 1960 51' 04", distance 1,501.6 meters.
ToASimpson 369, azimuth 159°I1 21", distance.1,205 meters.
Hole surrounded by triangle in rock, on river bank at Commerce, Mo. Sixty-five

feet east of A Simpson 371 and 5 feet lower (the 12-foot stage, St. Louis gauge); and 225
feet above northern part of elevator at Commerce.

(0 P. 13, M. 61.

Mississippi River Commission, 1881. (Chart No. 14.)
Latitude 370 09' 38".70; meters +1,193, -657 (scaled from chart).
Longitude 890 26' 39".43; meters +973, -508 (scaled from chart).
Elevation: 369.52.
Center of horizontal copper bolt, in front or cast face of foundation of William Ander-

son's brick residence at upper end of Commerce, Mo. It is 2 meters north of center of
front entrance and 36 centimcL ers above the ground.

A SIMPSON 371-

United States engineer office, St. Louis, Mo., 1896. (Chart No. 14.)
Latitude 370 09' 38".60; meters +1,190, -660.
Longitude 89° 26' 36".74; meters +907,.-574.
Elevation: 327.01.
ToAStoneline, azimuth 1970 30' 45", distance 1,510.7 meters.
ToASimpson 369, azimuth 1600 06' 33", distance 1,201.6. meters.
Hole surrounded by triangle on top of bowlder, in a group, on right bank and immedi-

ately above Commerce, Mo.; 260 feet above elevator; and 65 feet back from A Brother.
Bench mark is lowest edge of hole and elevation given on chart is in error.

A MILL. (Commerce.)

United States engineer office, Ft. Louis, Mo., 1896. (Chart No. 14.)
Latitude 370 09' 35".55; meters +1,096, -754.
Longitude 890 26' 36".09; meters +890, -590.
Flagstaff on Anderson's mill or warehouse at Commerce, Mo.

8

Mississippi River Commission, 1884. (Chart No. 14.)
Latitude 370 08' 46".90; meters +1,446, -404.
Longitude 890 24' 05".09; meters +126, -1,355.
Elevation: Stone, 333.17; pipe, 338.27.
ToL 8/2, azimuth 540 45', distance 1,077 meters.
Flat stone and iron pipe, in Illinois; about 2 miles below Fayville; 400 meters from

bank of Santa Fe chute; 180 meters out from line of timber; about 1,400 meters
above foot of Burnham Island; on land of William Woods and 25 meters northeast
of fence.
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® COMMERCE.

Mississippi River Commission, 1880-81. (Chart No. 14.)
Latitude 370 08' 27".52; meters +818, -1,002.
Longitu(le 890 26' 13".19; mneters +326, 1,155.
Elevation: 336,83.
To@ILafner, aziitmuth 1560 33' 10".88, distance 3,290.22 meters.
To®Powers Islandl, azimuith 309J 1 57".11, distance 2,977.70 meters.
To®Salita Fe, azimuth 2000 04' 31.".20, distance 3,204.80 meters.
ToO8/2, azimuth 270° 36' 00", distance 2,282 meters.
To&Burnham '07, azimuth 2160 42', distance 1,223 meters.
TotAMartin, azimuth 1730 35', d istance 441.5 meters,
To&Buecher, azimuilt 2380 02', distance 1,094.1 meters.
Stone post with corners chi pedi off, in fiekl, near mi(ldle of Commerce Wsland, on

right bankI1rivr and 1 mile below Commerce, Mo.; 60 feet West of to) of ridge, and
6 inches above surface of ground. Roferences: To large burned pecan stumip, 3530
53'-225 feet.; to blazed trees: 2l-inch pecan, 110 45'-274 feet, 18-inch Pecan, cast
side of field, near top of bank, 1930 13'-490 feet.
.~~~~~~~~~~~~~~~

2

Mississippi River Commission, 1884; redetermined, United States engineer office,
St. LlouisMo 1903, (Chart No. 14.)

Latitude 370 08' 26".73; meters +824, -1,026.
Longitude 890 24' 40".73; meters + 1,005, -476.
Elevation: 340.47.
To Powers Island, azimuth 359013' 26", distance 1,858.3 meters.
ToeCCommerce, azimuth 900 36' 56", distance 2,282 meters.
ToeSanta Fe, azimuth 1580 43' 58", distance 3,256 meters.
To& Burnham '07, azimuth 1220 57', distance 1,848 meters.
Too38/1, azimuth 2340 45', distance 1,077 meters.
Stone post, in lower field on B~urnham Island, on left side of main river ,and 2 Miles

below Commerce, Alo.; on slope of ridge, 6 meters cast of its crest, and 4 inches above
surface of ground; 375 meters from main ri ver bank nid 200 meters fronii bank of chute.
Blazed trees: 30-Inch pecan, 740 28'-145Dmeters; 30-inch Pecan, 16 22'- 164 meters;
36-inch Pecan 162° 47'-184 meters; other references: 36-nch (cottonwood tree, 910
17'; small coffee tree on top of ridge, 1340 32'-16 meters; gable of house, on same
ridge, 1560 27'-574 meters.

A BURNHrAMr07.

Board on Examination and Survey of Alississippi River, 1907. (Chart No. 14.)
Latitude 370 08' 59".33; meters + 1,829, -21.
Longitude 890 25' 43".57; meters + 1,075, -406.
Elevation:-3'0.76,
To®Commerce, azimuth 360 42', distance 1,223 meters.

-- Tor38/2, azimuth 3020 56', distance 1,848 meters.
ToABuccher, azimuth 3330 49', distance 447.4 meters.
To&ANartin, azimuth 550 13', distance 949.9 meters.
Iron pijie, on high ridge, on western side of Blurnham Island, on left side of main

river, and about 1 mile below Commerce, Mo.; east from government light., on shoulder
of island; about 140 meters from western high bank of island; and 300 imters above
barn or outbuilding of house owned by C. I. Anderson, of Commerce.

- A BUECIIER.

Board on Examination and Survey of Mississippi River, 1907. (Chart No. 14.)
Latitude 370 08' 46".29; meters +1,427, -423.
Longitude 890 25' 35"'.56; meters +878, -603.
To@Commerce, azimuth 58° 03', distance 1,094.1 meters.
Toe Burnham '07, azimuth 1530 49', distance 447.4 meters.
ToAMartin, azimuth 81° 50', distance 987.6 meters.
Iron pipe, in cultivated field, Oil Burnhain Island, on left side of main river, an(1 I

mile below Commerce, Alo.; about 30 meters from western high bank of island; 200
meters below a house; and near middle of clearing on river bank.
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A MARTIN.

Board on Enxaminatiotn and Survey of Miississi )pi Rivor, 1907. (Chart No. 14.)
Latituido 370 08' 41".74; meters +1,287, .-561.
ILongitudo 890 2(;' 15".18; meters +376, -1,106,
To®Conmmerce, azituth 3530 35', distantco 41.6 motors.
ToA_ Burrnhani '07, azinmluth 235 13'I, distance 949.9 rneters_,
ToA l3uecher, azimuth 2010 49', distance 987.6 meters,
One-inch iron pipe, on eastern high bank of Commerce Islan(d (right bank of river)-

1 mile below Commerce, AMo.; about 800 meters below inain line of hurdle at upper end
of island; near a wire fence, and 2 meters west from an 8-imc!i blazed cottonwood tree.

® POWERS ISLAND.

Mississippi River Commission, 1880-81. (Chart No. 14.)
Latitude 370 07' 26".46; meters +816, -1,034.
Longitude 890 24' 39".71; meters +980, -501.
Elevation: 334.11 (pipe),
To®Atherton, azimuth 27l4036' 26"1.57, distance 2,880.98 meters.
To®Commerce, azimuth 1290 12' 53".54, distance 2,977.70 meters.
Too8/.2, azimuth 179° 13' 27", distance 1,858.3 meters
Iron pipe, on northeast bank or shoulder of Powers Island (right bank of river); in

cultivated field of Doctor Coffman; 130 feet from river bank and opposite lower end of
Allen Towhead; just inside limit line of large cottonwood stumps an(1 280 feet outside
of abrupt rise. Original stone post found broken off in 1903, was reset 29 inches below
surface of ground and flanged iron pipe with cap was set over it. References: Gabkleof
small frame dwelling, 3180 35'-1,378 feet; two blazed cottonwood trees at top ot bank,
1470 44'-258 feet.

3

Mississippi River Commission, 1884. (Chart No. 14.)
Latitude 370 07' 17".28; meters +533, -1,317.
Longitude 890 26' 42".93; meters +1,060, -421.
Elevation: 339.19.
To®Commerco, azimuth 1980 44', distance 2,286 meters.
To[08/4, azimuth 540 50', distance 617 meters,
Stone post, inn Missouri and 21 miles below Commerce; about 600 meters back from

Doolan Slough; on land of William Price; 0.5 meter east of fence on west side of road;
235 meters above fence corner; and 200 meters below Price's house.

( 7 Hi.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitude 370 11' 11".93; meters +368, -1,482.
Longitude 890 19' 41".28; meters +1,018, -462.
Iron pipe, near Clank, Ill.; on the Chicago and Eastern Illinois Railroad; 20 feet

westwardly from center of track; and about 1,000 feet below road crossing at station.

$ 8 Hs.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitude 370 09' 28'T.43; meters +876, -973.
Longitude 890 19' 69".06, meters +1,457, -24.
Elevation: 341.09.
Two-inch iron pipe, in Illinois; about 11 miles below Olive Branch, and 5j miles

above Cache; 9.5 feet northwardly fronA center of track of the Illinois Central Rail-
road, and 4,100 feet below a private road crossing; and near point of intersection of
curve. (Elevation on map 7 feet too high.)

G 10 12.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitude 370 08' 19".85; meters +612, -1,238.
Longitude 890 18' 50".92; meters +1,257, -224,
Elevation: 338.95.
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Two-inch iron pi )e, about 4 miles above Cache, 111.; 15 feet northwar(lly from
center of track of 11inois Central Railroad; about 225 feet alove headl lock to spuir
traek; 1,350 feet above milepost "Cairo 14 miles," and about 1,400 feet below school-
house on eastern side of Llorseshoe Lake.

0 1'. B. M. 64.

Mississippi River Commission, 1881 and 1884. (Chart No. 16.)
Latitude 370 07' 40".42; meters +-1,246, -604.
Longitude 890 22' 54".68; meters +:1,347, -134.
Elevation: 339.70.
ToeAthertop, azimuth 3300 56', distance 686 meters.
Copper bolt in top of stone poet, in Illinois; 1,100 meters back from river, at Ather-

ton Landinig, about 19 miles above Cairo; and I meter north of fence, on north side
of road leading eastwardly to Goose Island post-office.

A CHIMNEY.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 15.)
Latitude 370 07' 30",37; meters +936, -914.
Longitude 890 23' 30"'.07' meters +742, -739.
Chimney in middle of Atherton's house; about 210 meters back from Atherton

Landing, Ill.
IfI1 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitude 370 07' 29".62; meters +913, --937.
Longitude 890 17' 52".33; meters +1,292, -189.
Elevation: 334.11,
To10 112, azimuth 1360 58', distance 2,118 meters.
Two-inch iron pipe, about 2J miles above (westwardly from) Cache, Ill.; 16.6 feet

northwardly from center of track of Illinois Central Railroad; 28 feet below second
road crossing above Cache; 41 feet below switchstand; and 670 feet above milepost
"Cairo 13 miles."

® ATHIERTON.

Mississippi River Commission, 1880-81. (Chart No. 16.)
Latitude 370 07' 23".82; meters +734, -1,116.
Longitude 890 22' 43".05; meters +1,063, -418.
Elevation: 336.75,
ToDPowers Island, azimuth 910 37' 36".98, distance 2,880.98 meters.
To'®P. B. Al. 64, azimuth 150° 56', distance 586 meters.
Stone post, in Illinois and about three-quarters of a mile east of Atherton Landing;

on land owned by estate of F. D. Atherton; near the middle of section 18, Goose
Island Township, 'Alexander County; and just on edge of cypress swamp and culti-
vated field.

®D 12 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitude 370 :0 53".81; meters +1,659, -191.
Longitude 89° 17' 10"'.55; meters +260, -1,2 2.
Elevation: 333.38.
To611 F, azimuth 1360 57', distance 1,511 meters.
Two-inch iron pipe, about 1J miles westwardly from Cache, Ill.; 17 feet north-

wardly from center of track of Illinois Central Railroad; 2,000 feet below railroad
trestle across swamp; about 1,000 feet above milepost "Cairo 12 miles;" and one-
quarter of a mile southwest from the Alexander County Poor Farm.

A WEATHER VANE.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 15, station not
plotted.)
Latitude 370 06' 10".72; meters +330, -1,519.
Longitude 890 22' 25".85; meters +638, -844.
Brass ball on weather vane, or lightning rod, on Greely's house, above Commercial

Point, Ill., and back of Goose Island Towhead.
H. Doc. 50, 61-1-32
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®D 13 P.

Board oii Examnination and Survey of Mtississippi Ri1ver, 1908. (Chart No. 15.)
latitid(10 370 0(6' 07".80; moetors +210, - 1,609.

L ongitide 890 16' 17". 17; meters +42'4, -1,058.
Eleva.tion: 33.36).
To(D 12 It', azimuth 1370 07', distanncO 1,936 meters.
Twvk-inch iron pipe, abont OneC-h1tllf miile west, of Cache, 111.; 100 feet Hou thwar(lIy

from Crcanter Of track k of Illinois Central lRailroad; 75 feet l)(lOW milePost "Cairo 11
miles;" and at. roa(l crossing to charcoal kilns.

(D 14 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 15.)
Latitu(o 370 06' 066".00; meters +185, - 1,665.
Longitude 890 16' 08".42; meters ±208, -1,274.
Eovwat;ion: 333.40.
To®)13 F, azimtlh 1040 27', distance 223 motors.
Two-inch iron 1)i1)0, about 1,600 foot, West of Cache, Ill., railroad stations; 30 feet,

south from, center of track of Illinois Central Rtailroald; near charcoal kiln; and
between siding to the kilns and tho main tracks.

A WHITE CHIMNEY.

United States engineer office, St. Louis, Mo., 1902. (Chart No, 15.)
Latitud(e 370 05' 59".X1; meters + 1,844, --6.
Longitude 89° 17' 06".96; meters + 172, --1,310.
Center of chimney of Ike Johlinson's house, about onoe-half mile cast of Telle and

Hlorrell store; on south si(le of public roa(l; aind l miles west of Cachci, Ill.

A (UANI) LAKE '02.

United States engineer office, St. Louis, Alo., 1902. (Chart No. 15.)
Latitude 370 05t' 48"..59; meters +1,498, -352.
Longitude 890 17' 48".42; meters 4-±,196, -286.
ToAGreenletif '02, azimuth 500 17' 26", distance 1,267.6 meters.
ToA Fence '98, azimuth 2720 18' 19", distance 1,839.2 meters.
Iron 1p)1e, 10 inches below surface of groundl, in Illinois and on land of George and

Andrew Ilornburger; 775 feet above old Grand Lake Landing; and 15.9 feet south of
small frame shalnty. Blazed trees: 19-inch elin stump, 130°-13.3 feet; 6-inch water
oak, 56°117.8 feet; 24-inch elm, 600°29.4 feet.

A FENCE '98.

United States engineer office, St. Louis, Mlo., 1898; redetermined, 1902. (Chart No.
15.)
Latitude 370 05' 46".18, meters +1,424, -426.
Longitu(de 890 16' 34".01; meters +840, -642.
Elevation: 328'.60.
ToA Pecan '98, azimuth 3040 03' 16", distance 1,602.8 meters.
ToA GrandLI ake '02, azimuth 920 19' 04", distance 1,839.2 meters.
ToAGreenleaf '02, azimuth 750 21' 07", distance 2,907.5 meters.
ToOP. B. M. 65, azimuth 2920 14' 08", distance 1,405.2 meters.
To& White Chimney, azimuth 1170 18' 07", distance 915.8 meters.
Iron pipe, 6 inches aboveo surface of ground, near left bank and about three-quarters

mile west-war(lly fiom Cache, Ill.; on west side of road, at turn and a short distance
below the head of the Beechridge revetment; 75 feet west of the southwest corner of a
cabin; 20 feet back from edge of revetment; and 8 feet east of rail fence.

7

Mississippi River Commission, 1888, (Chart No. 15.)
ILatitude 37' 05' 33".84, metersi +1,043, -807.
Longitude 801 24' 22".89; meters +565, -917.
Elevation: Stone, 3:34.7; pipc, 339.8.
Flat stone and iron pipe, on P'owers IsIan(d (now on right bank of river) and about

1,300 Mvters above foot of island; on rilg( in field of Wnilliart Anderson; about 75
meters in front of fence at rear edge of fiold; and about 800 meters from. hlough back of
Anita Towhead.
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At (JnItREENT.1,EAF '02.

United States engineer office, St. lollis, Mo., 1902. (C(hart No. 1.5,.)
Latitudeo 370 05' 22"1.32; meters -[688, -1,1(;2.
Longitude(l 890 18' 27".91; meters -+-689, ---793.
Elevation: 330.12.
'IToAQ1(r1)I lake '2, azi-mutth 2300 .17' 03", (distanlce 1,267.6 meotrs.
ToA Fence0 '98, a'i/irnuth 2;5).)' 9' .59", distance 2,907.5 meters,
Iron pi 6) inl(hes aI)ove sllrflae of ground(, ill lii nois anld( iear liea( of the C reeii-

leaf 1`011(1 reveti -net ; on an(l of Jeff Tillinan a r(d sotith of biq })onsoe; otn slight ri(dlle
insi(do of wvire flenco on east, si(0 of and at, anglo in public road(l; 2106.5 teot, soul i of
13-inch maple tree near same fence, and .50 flot from top of bank.

.-
2 -

Mississippi River Commission, 1888. ((Chart, No. 15.)
Iatittido 370 03' 04".96; meters +-153, -1,697.
Iongitude 8)0 21' 20".55; meters -[-656, -827.
l evition.: 331.58.

StOnl post,,in Illinois; on old high hank, l)ack of l'rice vTowhead; nearly o~Plit
Elkins Landfling, Mo.; in cottonwvood timber, on land owned by Jolin Milford; 800
meters back of main river ba)nk; 70 meters back froin east, banlk of chlite and l1t)
meters otit fromn roadl and clearing.

[16

Mississippi River Commission, 1888. (Chart No. 15.)
Latitude 370 01' 55".30; meters ±1,705, -145.
Longit tide 89° 22' 55".78; meters + 1,379, -1I.
Elevation: Stone, 328.95; lpi)e, 334.00.
Flat.stone. an(1 iron pil)e, 1,200 meters ha(k (west.wardly-) frota l'ki ns I anding, Mo.:

an(l about 900 meters southarly from Price Landing, Mor.: in nitwlitwest, corner ol
field of Joseph Mfoore; 20 meters south of fenoo corner; 3 mneftrs east, of fence onl east,
ilde of road; and 12-5 meters toward the ri'er from a churchi.

A AMSSOLMr SISTER.

Alississippi River Commission, 1880-81 (Chart No. I6.)
Latitude 370 04' 41".99; meters + 1,294, -555.
Longitude 890 17' 00".56; meters +- 14, - t,,138.
T1o;'BMoutse, azimutih 3120 10' 53"1.6, distancee 3,090.50 mieterq.
Stone post., on north si(le of Missouri Sister Island, on righlit aliak of river; nearly

opposite Grand Lake Landing, Ill.; and in timber, 300 meters from river bank.

4

AMississippi River Commission, 1888. (Chart No. 16.)
Latitude 370 041' 16".81; meters 4-51, - 1,332.
Longitude 890 16' 51".89; meters ± 1,282, - 200.
Elevation: Stone, 328.23; pipe, 333.32.
Flat stone and iron pipe, oil Missoliri Sister Island, onl right bank of river; about,

1,500 meters eastwar(lly from Brewer Point; ill timber, lt)( meters back from two Smiall
fields; and 3 or 4 meters east of southern prolongation of femice at. west einil of east. field.

® ROUSE.

Mlississippi River Commission, 1880-8L. (Chart No. 16.)
Latitude 370 03'341".67; meters + 1,069, -781.
Longitude 89° 15' 27".87; meters ±689, - MI.
Elevation: 325.76.
Toc-Missoulri Sister, azimuth 132° 11' 419".'1, distaInce 3,090.5t) meters.
'1'oWDickey, azimuth 226° 52' 50".93, distance 1,511.30 met.ers.
ToADarkey, azimuth 2510 57' 26", distamlce 1,350.3 meters.
Stone post, oIn right bank of river; about 900 feet. helOw the iotlh o O1(1o chult

behind Mi,,ssouri Sister Island; and 1,400 meters above Hurricane Field; al)out 500 feet.
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from river bank; in heavy timber on lajnd owned by Mrs. Rouse; and 400 feet. below
stnall clearing that comes ilp to road along -hute. References toI l)laze(l trees: 3-foot
ash, 270 40' -12.5 feet; 3-foot olin, 4t1 35' -39 feet(; 14-inch sycamore, 308° 50'-29
feet.

El -1-

Mississip)Ii River Coinmissionl, 1883; reestablished, United States elgilleer office,
St,. Louis Mo., 3904.. (Chart No. 16.)

Iatitu(ie 370 03' 06" 47; meters -+215,-l1,635,
Longitude 890 1.5' 04+'.55; nmelters ±112,-1,370.
Elevation: 328,74I.
Stone post., in upp)e)r end f Hulurricano Field, oil right baink; 425 feet abloe uppjer

end of ol( revet mont; i1,60eot below u ?ppr end of now section of bank protection;
250 feet below point(t f.itinl)or atnd I 10 feet from top of bank. Stono was Het. Ixack from
caving bank aind above 6oor(dinates dotormniiecd by plane-tablo survey of United
States engineer office, St. Louis, Mo,, 1904.

4-

Mississippi Rivor Commission, 1888. (Chart No. 16.)
TLatitude 370 02' 58".55; metor" +1,805,-415.
Longitude 89'. 15' 18".55; meters 4458,-1,025.
Elevation: SItone, 327.20; l)ipe, 332.29.
Flat stone and iron l)ipzon right, b)ank; about 300 meters west of ulurricane Field

and ill Woods, 430 meters irom river; 270 meters west of fence, at west elSe 0of cult."-
vateci field; 360 meters south and 270 meters west froin northwest corner ot said field
and 230 Meters northeast from a promnin1e(nt flongh.

A D)USKY.

United States engiiieer office, St. Louis, Mo,, 1899. (Chart No. 16.)
Latitude 370 02' 56".45; meters +1,740, -I 10.
Iongituolo 890 1]6' 29"-.65; miieters +733,-750.
Elevation: 332.5.
ToA Pickaninny, azimuth 3190 38' 03/", distance 1,180.6 meters.
Iron pipe, in AMissouri; 290 meters from river bank; on to1) of levee, below Newcunms,

and 1. mile belowv Tl1homl)sonl Landing, Mo.; on line with )ecaIn trees in middle of field;
and about one-quarter of a mile back of the Thompsoni C'emetery.

Mississippi River Commission, 1888. (Chart No. 16.)
Latitude 370 02' 44".65, motors +1,376,-473.
Longitude 890 15' 63".72; mleters +±1,328,-155.
Elevation: Stone, 323.78; pi)ej 328.87.
Flat stone and iron pine in M timouri; 870 meters from river bank; on top of ridge

at edge of willows aroumndAh Pond; near foot of inner slolpe of levee; at east e(ge of
cultivated field, about three-quarters of a mile below Thompson Landing, Mo.; and
about 500 meters north from road leading to river.

A PICKANINNY.

United States engineer office, St. JLouis, Mo., 41899. (Chart No. 16.)
Latitude 370 02' 27",27; meters +841,-1,009.
Longitu(le 890 15' 68"-.71; meters +1,451,-32.
Elevation: 326.85.-
ToAI)iusky, azimnnth 1390 38' 22", distance 1,180.6 meters.
Iron pipe, in Missouri; about 4 mile below Thompson Landing; 600 meters from

river bank; on left side of road leading back from-4vewrat Newcums and about 1,260
feet back from house in northeast angle of roads; 23 feet from a walnut tree; 18 feet
from northwest corner of o0l house; and 60 feet from a pecan tree back of house.

1

Mississippi River Commission, 1888. (Chart No. 16.)
Latitude 37° 01' 65".54; meters +1,712,-138.
Longitude 89° 17' 43"/.96; meters +1,087,-396.
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Elevation: Stolle, 326.01; pipe, 331.10.
Flat stole al(d iroa pipe, in Illinois' 800 meters below a point opposite Thompson

Landitlg, iMo.; 225 meters h)ack from iigh river bank; in wvoo(Is and( mu(ierbrush On
western side of prominent Slough.

A TRIPOD.

United States engineer office, St. Louis, Mo., 1898. (Chart; No. 16.)
ILatitude 370 01.' 15".97; imeters +1,417, -433.
Longituo 890 J)' G8".38; meters 4-1,4143, -40.
ToA C'uba, azimliuth 34101° 26' 69", distanceo1,1 18.3 motors.
Top) of )ile drinvon to the 22-foot Stage, St. Louis gauge; in Illinois, outside old high

bank line anid 200 feet from road; 1,700 foet tabove hurdle (lain to head of Hacker
Towhead. 'Tho station pile is surrounded by observing tripod of piles driven to a
lower stage.

6

Mississippi River Commission, 1888. (Chart No. 16.)
Latitude, 370 01' 34".66; meters +1,068, -781.
Longitude- 890 '18' 28"'.75; meters ±711, -772.
Ele 'vationl: Stonle, 321.28; pip)e, :329.36.
Flat StonIe arnd iron pipe, in Illinois; 900 meters back from old high bank in Hacker

13end; at fence, Medg of woods(, al(l east Slide of field; '5 meters south of northeast
corner of field; 6 meters from small log house, anid just back of small orchard.

A CUBA. -

United States engineer office, St. -Louis, Mo. 1898. (Chart No. 16.)
Latitu(le 370 01' l1".58; meters +357, -1,49'3.
Longitude 890 19T3".97; meters 1- 1,087, -396.
ilevaitioni: 329.72.

ToA'Pripod, azimuth 1610 26' 08", distancee 1, 118.3 meters.
ToACtuba, No. 2, azimniith.2930 17', distance 48.1 meters.
Iron pipe, Onl hfacker Trovhead, on left bank of river; at top of revetment., on original

head of towhead and securing outer enrd of hurdle (lain; back of lUnited States gauge;
nearly flush with surface of ground an(l surrounded by mound of stone.

A CUBA No. 2.

United States engineer olfice, St. Louis, Mio., 1898. (Chart No. 16.)
Latitude 370 01' 10".96; meters ±338, -1,512.
Longitudec 890 19' 4'2".18; meters +1,043, -410.
Iromi )iipe, surroun(le(l i)y moudili( of stonI, o hacker Towhea(l, o1 left bank of river

157.85 feet belowvA Cuba; onl high bank anid about 250 feet below the original revetted
head of the islan(f.

A MfASCOTTE No. 2.

United States engineer office, St. Louis, Mlo., 1898. (Chart No, 1(3.)
Latitude 370 01 01".70; meters +52, -1,797.
Longitude 890 20' 24"."0; meters +598, -885.
Iron )pie, Ol BIffalo Island, on right bank of river; 25 meters back from high bank

and 1,500 feet below a point oln line with hurdle No. 5 in Illinois. Blazed trees:
29-inch boxelder, 10.65 meters; 8-inch elm, 572 meters, anld 1.1 meters toward river
from a sycamore stump.

A MAINE No. 3.

United States engineer office, St. Louis, Mo., 1903. (Chart No. 16.)
Latitude 370 00' 36,".17; meters +1,115, -735.
Longitude 890 19' 55".42; meters 4-1,370, -113.
Wood post (built up) 6 inches sq uare, on Buffalo Island, oln right bank of river; 140

feet back from high bank, miear top bank of slough and 12 inches above surface of ground.

Mississippi River Commission, 1888, (Chart No. 16.)
Latitude 370 00 3(Y'.96; meters +954, -895.
Longitude 89° 19' 56".55; meters +1,398, -86.
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Elevation: 327.71.
To!o5/4, azimuiith 480 01, distance 936 meters.
Stone post, on Buffalo Island, onl right bank of river; on west bank of slough;

about 170 meters back from high bank; and about 2-. miles below head of island.

A4
Mississippi River Commission, 1888. (Chart No. 16.)
Latitude 370 00' 17".31; meters +534, -1,316.
Longitu(le 89 17' 15".68; meters +388, -1,096.
Elevatio.i: 326.10.
Stone post, in Illinois, and I mile below Brooks Point; at fence on north edge

of lower clearing on Dogtooth Island; 320 meters back from river bank, and 170
meters from fence-corner near the river.

Mississippi River Commission, 1888. (Chart No. 16.)
Latitude 370 00' 10".65; meters +328, -1,522.
L1o1git~de 890 20' 24".68; meters +610, -874.
Elevation: Stone, 329.33; pipe, 334.44.
ToD35/3, azimuth 2280 01', distance 936 meters.
Flat Llt)ne and iron pipe, in Missouri; back of and 4,000 meters below head of

Buffalo Island; 1,100 meters from main river bank; at road fence on western bank
of chute; on land owned by F. M. Brownl; 50 meters southeast of lane running back
to woods and 50 meters northwest of orchard.

El4
Mississippi River Commission, 1888. (Chart No. 16.)
Latitude 360 59' 11".92; meters +368, -1,482.
Longitude 89 15' 56".29; meters +1,392, -92.
ElevatiQn: Stone, 322.47; pipe, 327.58.
Flat stone and iron pipe, in Missouri; 600 meters from river bank in Dogtooth

Bend; at fence, oIL southern bank of Big Bayou; and 105 meters west of intersec-
tion of fences between fields oIn anl old island.

® 20 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 06' 22".83; meters +704, -1,146.
Longitude 890 12' 27".87; meters +688, -794.
Elevation: 330.8.
ToED19 F, azimuth 82° 50', distance 1,554 meters.
Two-inch iron pipe, about three-quarters of a mile southwest of Mounds, Ill.; at

end of first curve, west of main line and 51.5 feet north of center of track of the Illi-
nois Central Railroad (Carbondale and Cairo division) about 250 feet below road
crossing, which is 470 feet above culvert G. G. No. 145J64; also about 30 feet below
the upper end of a 2-acre strip of cultivated land and 3 feet from edge of borrow pit.

® 22 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 06' 17".39; meters +536, -1,314.
Longitude 890 11' 45".67; meters +1,128, -354.
Eleyation: 329.2.
To®21 F, azimuth 890 49', distance 550 meters.
Two-inch iron pipe, 23.2. feet north of center of track of the Illinois Central Rail-

road (.Mound City division); about three-quarters of a-mile southeast of Mounds,
Ill.; 20 feet south of road to Mound City; about 10 feet above a private road cross-
ing, and nearly opposite east end of house, south of tracks and occupied by Mr.
Walbridge.

® 21 P.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 06' 17".33; meters +534, -1,316.
Longitude 89° 12' 07".96; meters +197, -1,285.
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Elev aion: 330.5.
ToD20 F, azimuth 1090 01', distance 520 meters.
To gable of house, azimuth 2020 58'.
To semaphore, azimuth 30 1S'.
Twvo-inch iron pipe, about three-quarters of a mile southIi of Mounds, Ill.; in the

lower end of railroad yards annd cast of right-of-way fence of Illinlois Central Rail-
roa(l (main line); 10 feet west of al ol0( fence line, about 150 feet. above edge of
timber and 400 feet west of south line of orchard.

® 19 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 06' 16".54; meters +510, -1.340.
Longitude SO0° 13' 30".:37; meters +750, -732.
Elevation: 333.3.
To®D18 F, azimuth 830 03', distance 2,179 meters.
Two-inch iron pipe, about 1~ miles southwest of Mounds, III.; 22.4 feet south of

center of track of Illinois Central Railroad; 28 feet inside of south righ-t-of-way fence;
538 feet above road crossing and about 10 feet west from burnt st'umip, onl edge of
ditch, at first cut above Mounds.

0 18 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
latitude 370 06' 07".96;1nmeters +245, -1,604.
Longitude 890 14' 57".99; meters +1,432, -50.
Elevation: 333.5.
To® 14 F, azimuth 880 01' distancee 1,740 meters.
Two-inch iron pipe, in Illinois; abou:,t 1I miles back from river at; Beechridge an(l

21 miles westwardly from Mloullds; 22 feet south of center of track of Illinois Central
Railroad; 1,000 feet east from bridge over Cache River; and Oi 1ibl)cr e(lge of culti-
vated strip.

0 23 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 05' 43:".81; meters +1,351, -499.
Longitud(e 89C 10' 49".94; meters ±1,233, -249.
Elevation: 327.3.
ToD22 F', azimuth 1260 57', distance 1,722 meters.
Two-inch iron pipe, about half-way between MioundS and( Mound Ciiy, Ill., anrd I

mile froIl Alound City; 24 feet north of center of triack of Illinois Central Railroa(d;
1,950 feet east of levee; 1,400 feet above bridge No. 1/59; about midway between
right-of-way fence and track; and 4 feet east of borrow pit.

0 P. B. M.65.

Mississippi River Commission, 1881; redetermined, United States engineer office,
St. Louis, Mo.,-1902. ('Chart No. 17, station not plotted.)

Latitude 370 05' 28".93; meters +892, -958.
Longitude 89° 1:5' 41".34; meters +1,021, -461..
Elevation: 326.31.
ToAItFnce '98, azimuth 1120 14' 40", distance 1,405.2 meters.
To& Pecan '98, azimuth 3,550 45' 16", distance 366.8 meters.
Copper bolt in stone post, ne1ar1Lchciridge, Ill.; in cultivated field of C. P. Martin;

about350 feet south of road running west from Beechridge and 1,300 feet west of Mlobile
and Ohio Railroad; nearly in line with twvo large oak tr-ees on the north, thc one in the
field, the other in the south fence along road, and 185 feet and 362 feet distant, respec-
tively; 95 feet west of abandoned road; anid 180 feet east of Alrtin's barn. Blazed
trees; 10-inch pecan, east, 43 feet; 18-inch gum, south, 72 feet.

0D 24 F.

Board on Examination and Surv:y of Mississippi River, 1908. (Chart No. 17.)
Latitude 37° 05' 239".55; meters +726, -1,124.
Longitude 890 10' 24".67; meters +609, -873.
Elevation: 327.
ToD23 F, azimuth 135° 02', distance 883 meters.
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A stake, 25 feet south of center of track and 14 feet north of right-of-way fence of
Illinois Central R1ailroad; adl)out one-half mile northwest of intersection of railroad
atnid levee at Mound City, Ill.; and near the point of intersection of first curve from
Mound City.

A PECAN '98.

United States engineer office, St. Louis, Mlo., 1898; redetermined, 1902. (Chart
No. 17, station not plotted.) -

l~atitu(le :370 05' 17".06; meters +526, -1,324 (1902).
Longitude 89° 15' 40".24; meters +994, -488 (1902).
'TO(Q f). 13. Nl. 65, azimut1,h 1750 45' 17", distance 366.8&meters (1902).
T'oA Fence '98, azimuth 1240 03' 48'", distance 1,602.8 meters (1902).
ToA\FInce '98, azimuth 124° 03' 50", distance 1,602.9 meters (1898).
Iron pipe, 6 inches below surface of ground, about one-half mile south of Beech-

ridge, Wll.; in cultivated field of C. P. Martin; 3.7 feet west of 22-inch blazed pecan
tree, which is the second on(e, from the north, of four pecan trees nearly in line, on
west side of abandoned road and 550 feet from river bank.

ED 25 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 05' 12".69; meters +391, -1,459.
Longitude 890 10' 00".73; meters +18, -1,4Q4.
Ele nation: 333.6.
ToD224 F', azimuth 1190 31', distance 679 meters.
A stake, in center of back or western levee at Mound City, Ill.; about 12 feet north

of center of track of Illinois Central Railroad crossing levee; and opposite shanties
on the east side of levee.

ED 26 F.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17.)
Latitude 370 05' 01".81; meters +56, -1,794.
Longitude 890 09' 38".81; meters +959, -523.
Elevation: 330.7.
Toa325 F', azimuth 1210 48', distance 637 meters.
Two-inch iron pipe, On wharf at Mound City, Ill.; on an o0l abandoned log track;

,I feet upstream from south line and 130 feet, out from southeast corner of the Mound
City Furniture Factory, and 130 feet above storage shed of same factory.

@ DICKEY.

Mississippi RivedCommission, 1880-81. (Chart No. 17.)
Latitude 370 04' 08".17; meters +252, -1,598.
Longitude 890 14' 43".21, meters +1,068, -414.
Elevation: 328.8.
Too Nimbus, azimuth 3060 16' 05".67, distance 3,080.67 meters.
ToD 4{ouse, azimuth 460 53t' 17".85, distance 1,511.30 meters.
ToAljarkey, azimulth 3430 37' 33", distance 640.8 meters.
Stone post, on0old high bank in Illinois, back from and a short distance above

head of D)ickey Island, 1,000 feet from left bank of river, in cultivated field and
east of fence on east side of old Cairo road, and a short distance below a small wagon
bridge.

1

El1
Mississippi River Commission, 1888. (Chart No. 17.)
Latitude 37° 03' 59".14, meters +1,823, -27.
Longitude 890 13' 55".58; meters + 1,373, -110.
Elevation: Stone, 319,47, pipe1 324.56.
Flat stone and iron pipe, in south edge of woods on the "Six Mile Place," back

of Dickey Island, 111.: and about 920 meters from left bank of river: 340 meters back
(northeast) fromn the Mobile and Ohio Railroad, 235 meters east and 85 meters north
of northwest corner of cultivated field; 510 meters east from first curve in railroad
below Beechridge. Large tree near by is blazed. Two cabins stand in small field
60 meters southwest of railroad, and 70 meters north of where stone line crosses tracks.
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A DARKEY.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 17.)
Latitude 370 03' 48".23; meters +1,487, -363.
Longitu(le 890 l i' 35".90; meters ±887, -596.
Toe Rouse, azimulth 710 57' 58", distance 1,350.3 meters.
To® Dickey, azimuth 1630 37' 37", distance 640.8 meters.
Iron pipe, oil Dickey lslan(d, on left bank of river about 5 miles above Cairo, Ill.,

and 1 miles below Ables Point; ai short distance above locality originally known as
Dickey Field. Blazed trees are located as follows: South, 22 feet; west, 13 feet;
north, 23.5 feet; east, 17 feet.

® NIMBUS.

MNississippi River Commission, 1880-81. (Chart No. 17.)
Latitude 370 03' 09".04; meters +279, -1,571.
Longitude 890 13' 02".69; meters +67, -1,416.
Elevation: 323.7.
To®Dickey, azimuth 1260 17' 06".25, distance 3,080.67 meters.
Stonle post, in Illinois; back of Dickey Island; about 2j miles above Cairo Bridge;

about one-half mile from main river bank; about 225 meters east of Mobile and Ohio
Railroad; about 330 meters south of east-and-west road and 300 meters west of north-
an(l-south road. A small house occupied by Thomas Brown stands about 200 feet
northwest of station.

13 B. M. CAIRO NO. 2.

UnitedlStates Lake Survey, 1877. (Chart No. 17.)
Latitude 370 01' 22".33; meters +688, -1,161.
Longitude 890'09' 31".31; meters +774, -709.
Elevation: 323.1.
Sandstone post, 4 inches by 8 inches, on high knoll, in Kentucky; 50 meters south

of fence on edge of timber and cultivated field; opposite (at right angles with tangent)
and 250 meters from point of curve of Kentucky approach to Cairo Bridge. (Latitude
and longitude determined by stadia, Board on Examination and Survey of Mississippi
River, 1908.)
-A STANDPIPE '99.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 17.)
Latitude 370 01' 15".09; meters +465, -1,385.
Longitude 890 10' 50".20; meters +1,241, -242.
Standpipe of Cairo, Ill., waterworks, near Cairo Bridge.

A REDMAN ELEVATOR.

Board on Examination and Survey of Mississippi River, 1908. (Chart No. 17, sta-
tion lot plotted)
Latitude 370 0l' 05".18; meters +160, -1,690.
Longitude 89° 11' 24".01; meters +594, -889.
Flagstaff on Redman-Magee elevator in northwestern part of Cairo, Ill.

A ELEVATOR SMOKESTACK.

United States engineer office, St. Louis, Mo., 1899. (Chart No. 17.)
Latitude 370 00' 51".61; meters ±1,591, -259.
Longitude 890 10' 34".31; meters +848, -635.
Smokestack on elevator in northeast part of Cairo, Ill., on the Ohio Rivei.

A ELIZA.

United States engineer office, St. Louis, Mo., 1896. (Chart No. 17.)
Latitude 370 00' 31".43; meters +969, -881.
Longitude 890 11' 40".01; meters +989, -495.
Elevation: 334.63.
ToA Bourois, azimuth 3440 20' 52", distance 688.0 meters (1899).
ToAStandpipe '99, azimuth 2220 26' 22", distance 1,824.6 meters (1899).
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ToAElevtorS-okeastack,zimnuth 249' 01' 20", distance 1,739.4 motors (1899),
To/'Cathllolic Cliurch Spire, azihmth 2890' 3s7' 57", distance 1,672.3 mlotors (1896).
ToAC:atholic ('rlicrch S)ire, aziiliuth 2890 37' 09!", distalnce 1,573.1 motors (1899).
T'o,\ Redillall EIlovator, azitiltlih 2000 50', (distanico 1,113 miieters (1908).
1-01ri p)i pe, 8 inches above sillfa(c of grouin(l ot.Mieof trac of Alobile antd Ohio

Railroad( emibankiment. at Eliza Point, 111.; 50 feet dowtistreatn froin seco(ld or low
swit-Chll 1.i(l; il lilniewith upstreami side of cros9 levee above sawmill and with center
of traCk al)ove switches. 'Station called " Iev(ee0" inl 1.896.

0 U. S. 1'. II. M. 3.

United States Lake Survey, 1877. (Chart No. 17.)
LXati tuide 370 00' 177".84; nieters 4-550,- 1,300.
Longitude 890 10' 08".01; meters +198,-1,286.
EleVatlion: 334.07.
10ole inl copper bolt, in southeast en(l of Illinois Central Railroad freight dopot, at

junction of Fourtecnth street and Ohio Itiver nt Cairo, Ill.; 0.49 meter southwest of
east, corner. The letters " U. S. 13. M." are cut in StoI10 near bolt. (E'levation by pre-
cise levels, Mississippi River Commnission, 1881; latitude and longitude scaled from
UUnited States Lake Survey Chart No. 1.)

O U.S. P.13.M.2.

United States Lake Survey, 1877. (Chart No. 17.)
Latitude 370 00' 15".90; meters +4190,-1,360.
Longitude. 890 10' 29".68; meters +734,-750.

alevation: 326.13.
Ihole in copper bolt, leaded horizontally in east aido of the building containing

offices of the truistees of Cairo city public prol)erty, on Washington avenue, between
'Eighteenth and Ninelteenth streets, Cairo, Ill. Tho bolt is 4.44 tmeters fromi southeast
corner, and 1.12 meters below lover surface of water table. MIarked by letters " J. S.
13. 1M." cut in stone. (Elevation bY precise, levels, Mtisissippi River Commlision0,
1881; latitude and longitude scaled ironi United States Lake Survey Chart No. 1.)

A CATHOLIC CIIURCII SPIRE.

United States engineer otlice, St. Louis, AMo., 1896. (Chart No.' 17.)
latitude 370 00' 14".29; meters +441, -1,409.

LoInIgitaude 890 10' 40" .11; ineters +992, -492.
Spire of Catholic Church in Cairo, 1ll.

0 U. S. P. B. M. 1.

United States Lake Survey, 1877. (Chart No. 17.)
Latitude 370 00' 11".06; meters +341, -1,509.
longitude 890 10' 19".37; meters +479, -1,005.
Elevation: 324.80.
Bole in center of copper bolt, leaded horizontally in northwest side of custom-

house, Ca'airo, Ill. It is 7.18 meters from northwest corner and 0.37 meter below
the junction of the sandstone and limestone, and 0.93 meter above surface of cement
walk. The letters "U. S. B. M." are cut in the stone near the: bolt. The custom-
house is in the square bourlded by Fourteenth, Fifteenth, Poplar, and Washington
av len. Station is aiso known as U. S. B. M1. 1. According to level net of 1907,
United States Coast and Geodetic Survey, the best elevation available is 96.9227
;ln(ters or :317.99 feet above rnean sea or gulf level. (Elevation by precise levels,
Mississippi River Commission., 1881; latitude and longitude scaled from United
States Lake Survey Chart No. 1.)

0 CAIRO ASTRONOMICAL STATION.

United States Coast and Geodetic Survey, 1877. (Chart No. 17; station not
plotted.)

Latitude 370 00' 10".87; meters +335, -1,515.
Longitude 890 10' 15".32, meters +379, -1,105.
Station is located within tlhe easternmost corner of the custom-house square, Cairo,

Ill. Meridian telescope was mounted ont a double-colulnn brick pier, 6.668 meters
south of and 9.254 meters east of the southeast corner of tihe custom-house.

Geographical position given is that of tile United States Coast and Geodetic Sur-
vey. I t does inot. agree with the M isissitippi River Commission triangulation.
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A BOUROOIS.

Unite(l States engineer office, St. lfouis, AMo., 1899. (Chart No. 17.)
Latitude 370 00' 09".92; meters +306, -- 1,514.
Longitude 890 I1]. 32".50; meters +804, -680.
To AdCatholic Church Spire, aziminuth 2610.0-' 54", distance 1,303.0 meters.
T'oAI Elevator fSimokestack, a'zimnuth 2280 13' 20", distance 1,929.0 meters.
ToAStlandpipo '99 aiiinutth 2070 29' 46", distance 2,264.8 meters
- 1toAJE1liza, aziimuit-16B40 20' 56f", distance 688.0 meters.

Iron pije, 6 inches below surface? of groun(l, outside of track on Mobile and Ohio
Itailroad einb)ankment iioar Eliza Point, Ill.; near point of tangent of secon(l curve
l)elowA Eliza; 6.2 feet from outside rail; '4.5 feet (lia('onally across track from sign-
p)oSt ' Levee Junction,'' leing 30 feet, downstream frorna point opprQite this ost; '124
feet below south line of long shed near windmill -on B3ourgois' place.

A HIALLIDAY ELEVATOR.

Board on Examination and Survey of Mississippi River, 1908. (Chart INo. 17; station
not plotted.)

Latitude 3(;° 59' 50".66; meters +1,562, -288.
Longitu(le 890 09' 35"/.93; meters +889, -595.
Felagstaff on Halliday Elevator, at lower end of Cairo, Ill.

A CORN MILL.

United States engineer office, St. Louis, IMo., 1896. (Chart No. 17; station not
)lotted.)
Latitude 360 59/ 49".97; meters +1,540, -309.
Longitude 89' 1i' 34".51; meters +853, -631.
Iron smokestack of corn mill in southern part of Cairo, Ill.

D CAIRO (DEFIANCE).

United States Lake, Survey, 1876-77. - (Chart No. 17.)
Latitude 360 59. 417".99; meters ± 1,4 79, --370.
Longitude 839 09' 31".20; meters +772, -712.
This station was a triangulation station of the Mi9sissippi River Survey made by the

United States Lake Survey in 1876-77, and was the station on which the geodetic
positions of the Mississippi River Commission triangulation alre based.

It was situated on the site of Fort Defiance in the extreme southeastern part of
Cairo, Ill., and although it has been destroyed for many years it is described aend
plotted on account of its historical importance.

3 13. M. OrrIO MOUTH.

Missippi River Commission, 1905. (Chart No. 17.)
Latitudle 360 59' 0.5".56; meters +171, -1,678.
Longitude 89° 06' 36".80; meters +910, -574.
Elevation: Tile (bolt) 315.17; pipe, 319.17.
Tile an(l pipe, on Kentucky shore opposite junction of Ohio and Mississippi rivers;

between wagon road and railroad; about 17 meters from top of left bank; about 25
meters fromuIobile and Ohio Railroad and 9 rail lengths below block signal. Bla'zed
trees: 14-inch cottonwood, 216' -2.8 meters; 18-inch cottonwood,-2920 -9.2 meters;
18-inch sycamore, 27°-5.2 meters.

@ PRICE.

United States Lake Survey, 1876-77. (Chart No. 17; station not plotted.)
Latitude 363° 58' 12".06; meters +372, -1,478.
Longitude 89° 07' 03".30; meters +82, -1,402.
Elevation: Top of stone, 317.92; pi e, 391.96.
Stone post, ill timber, about one-half mile below Bird Point, Mo.; about 300 meters

back of high right bank and about one-third mi1e above a point opposite Wickliffe,
Ks'. Stone is covered with about 3 feet of earth and has an irou pipe (miarked 1891)
laced over it. Blazed trees: 8-inch sycamore, 321 -4.2'meters; 7-inchI.syeCaoro,

23° -5.1 meters; 6-inch sycamore, 242° -3 meters; 10-inch sycamore, 131' --(3.4
meters.
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[J B. M. FILMORE C.

Mississippi River Commission, 1905. (Chart No. 17; station not plotted.)
Latitude 360 58' 07'.80; meters +240,--1,609.
Longitude 89' 07' 35"i.'14; meters +877, -607.
Elevation: Tile (bolt) 317.98; pipe, 321.98.
Tile and pipe, about one-half mile below Bird Point, Mo.; on west bank of old

slough containing pond; one-half meter east of the east side of cul tivated field; about
20 meters west of edge of pond; 100 meters south of north end of pond; and one-half
mile west of@Price.

El 13. AI. WICKLIFFE.

Mississippi River Commission, 1905. (Not in limits of Board on Examination and
Survey of Mississippi River charts.)

Latitude 360 58' 04".17; meters +129, -1,721.
Longitude 890 05' 33".56; meters +830 -654.
Elevation: Tile (bolt) 370.92; pipe, 374.96.
Tile and pipe, in upper end of Wickliffe, Ky.; on hill, 30 meters back of cast side of

cut of Illinois. Central Railroad; one block toward river, from corner of Second and
Cumberland streets; in northwest corner of yard of J. C. Du Poyster; and about 30
meters south of gully.

HISTORY AND DESCRIPTION OF THE PERMANENT GAUGES OF THE MISSISSIPPI RIVER
BETWEEN ST. LOUIS, MO., AND CAIRO, ILL.

CHAIN OF ROCKS, MO.

St. Louis water department gauge.
Elevation, zero of gauge: 321.18.
Miles above Eas Bridfge, midbank, 9.7; low water, 10.4.
The gauge was establishe(l by the St. Lollis water department inl April, 1892. Gauge

readQ8gs are furnished to the United States engineer office, St. Louis, Mo., where a
complete record is on file.

Readings for the periods April to November, 1892, and from April, 1893, to July -31,
1908, are given inl Appendix No. 15 of this report.
The gauge is vertical, reads from 107 to 78 feet, and is fastened to the downstream

side of the intake tower at Chain of Rocks, about 1,600 feet from the Missouri shore.
Reference bench mnarks.-No. 1 (OP. 13. M. 12), elevation above zero of gauge, 143.58

feet, is top of copper bolt in stone post, in corner of grove; 66 feet west of Columbia
Bottom road; 11 miles upstream from Chain of Rocks; on land of B. MI. Chambers;
and 2,300 feet upstream from bridge on Columbia Bottom road over Watkins Creek.

BISSELL POINT, MO.

St. Louis water department gauge.
Elevation, zero of gauge: 320.36.
Miles above Eads Bridge, midbaink, 3.3; low water, 3.3.
The gauge was established by the St. Louis water department in 1872. Gauge

readings are furnished to the United States engineer office, St. Louis, Mo., where a
record complete from June, 1880, is on file. Readings for the period June, 1880, to
December, 1884, and from April, 1887, to July 31, 1908, are given in Appendix No. 15
of this report.
The gauge consists of four vertical wooden sections fastened to the iron inlet tower

at the Bigeell Point. pumping station.
Gauge sections.-Two sections, reading from 110 to 84 feet, are on the west face of the

tower; the other two, reading from 85 to 65 feet, are o1i the south face.
Reference bench marks.-No. 1 (OP. B. M. 14), elevation above zero of gauge, 113.10

feet, is small hole in center of copper bolt, leaded horizontally in third course of stone
on north side of western engine room of St. Louis waterworks, Bissell Point, and 4.8
feet west of west coping to main entrance to building. The letters "U. S. P. B. M."
are cut near the bolt.

No. 3, elevation above zero of gauge, 110.40 feet, is the northeast corner of a rec-
tangular stone which was formerly the sill of door in center of north side of chimney
of the Bissell Point low-service pumping station. The chimney was torn down to the
foundation in 1907, leaving the stone in place.
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ST. LOUIS, A10.

United States engineers' gauge. In charge of Mississippi River Commission.
Elevation, zero of gauge: 387.10.
Miles below Eads Blridge, midbanik, 0.4; low water, 0.4.
Records for the years 1860 to 1873, inclusive, obtained from the city engineer of St.

Louis, are on file in the United States engineer office, St. Louis, Mo. These records
were obtained independently by the Mississippi River Commission and published by
them in " Stages of the Mississippi River."

From 1860 to 1871 readings were obtained by leveling from the St. Louis city directrix
to the water surface. When leveling could not be done the stage was estimated.
From October, 1871, to December, 1873, readings were taken on ah gauge on tile St.
Louis elevator between I3iddle and Ashley streets, and when the "new iron gauge)"
Xvas established inl December, 1873, oln the paved wharf at the foot of Market street,
about 4,500 feet downstream, synchronous readings were taken on both gauges covering
a period of several months and all the readings on the " Elevator gauge were reduced
to correspond to the readings onl the Market street gauge by the following table of cor-
rections:
Between 4 and 11 feet,subtract.0......................................... . 80 foot.
Between 11 and 14 feet, subtract.................0......................O. 90 foot.,
Between 14 and 17 feet, subtract................1. 00 foot.
Between 17 and 19 feet, subtract................1. 05 feet.
Above 19 feet, subtract.....................................1. 10 feet.
(See AnnuallReport, Chief of En ineers, U. S. Army, 1874, pt. 1, p. 488.)
lRecords from 1873 to date are puYibished in "Stages of the Mississippi River."
The differences between Mississippi River Commission and United States Weather

Bureau records from 1880 to 1895, inclusive, are due mainly to the fact that their
readings were taken at different hours. The errors found in the gauge since 1890 by
inspections have been corrected in the Mississippi River Commission record.
The zero of the gauge. when established by the United States Engineer Department

in 1871, was the low water of 1-863, 33.81 feet below the city directrix; the line of pre-
cise levels by the Mississippi River Commission in 1880 found the elevation of the 30-
foot mark to be 3.74 feet below the directrix, and tIhe zero of the gauge was changed to
33.74 below the directrix to correspond with the elevation of the 30-foot mark.
Gauge scctions.-The gauge consists of three sections, graduated from 41.5 feet to 5

feet on the wharf, near Market street.
Tile highest section, 41.5 to 34 feet, is painted on west face of southwest steel pillar

of the elevated railroad at the foot of Market street.
The next, a vertical section, 36 to 30 feet, is a steel bar on south stone wall of the

"Harbor office."
The main section, inclined, 31.4 to 5 feet, of concrete and steel, is flush with the sur-

face of the wharf paving.
Below the 5-foot marreadings are taken on temporary stakes.
Jeierence bench marks.-oP B. Ml. 15, elevation above zero of gauge, 36.44 feet, is

a small hole in copper bolt leaded into east side of west pier of fourth stone arch from
river of the Eads Bridge at St. Louis. It is 20 feet south of north end of pier and 0.46
foot above top course of granite. The letters " U. S." are cut in the granite below the
bench mark.

13. M. A. (Ewens, 1894), elevation above zero of gauge, 34.04 feet, is top of upstream
rivet on horizontal leg of angle iron on foot plate of elevated-railroad column at the
south sidewalk, foot of Market street, and on west (land) side of column.

B. M. Ringbolt, elevation above zero of gauge, 18.49 feet, is small square cut on top
of heavy iron staple or ringbolt on paved wharf; about 30 feet south of south line of
Pine street and 180 feet east of building on Wharf street.

ENGINEER DEPOT, ST. LOUIS, MO.

United States engineer gauge.
Elevation, zero of gauge: 386.75.
Miles below Eads B ridge, midbank 3.2; low water, 3,2.
The gauge was established in 189( at the United States engineer depot, foot of

Arsenal street, St. Louis, and the records are continuous and complete.
Gauge section8.-The gauge consisted originally of five vertical sections fastened on

or near the landing gangway with graduations extending from 37 to 1 feet. At inspec-
tion on March 1, 1909, only two sections were in existence, one reading from 37 to 31.5

9.869604064
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feet, on foundation pile of warehouse near upper end of gangway; the other, reading
from 26 to 1 feet, on the first clump of mooring piles upstream from the gangway. These
gaugesections are of wood, 2 by 6 inches, 14 feet long, and are set and replaced when-
ever necessary at convenient places along the gangway.

Pieference bench marks.-No. 2, elevation above zero of gauge, 43.31 feet, is top of
northeast corner of coping to sally port of river wall at United States engineer depot.
The letters "B. M." are cut in the stone near the point.

JEFFERSON BARRACKS, MO.

United States engineer gauge.
Elevation, zero of gauge: 384.81.
Miles below Eads Bridge, midbank, 10.8; low water, 10.8.
The gauge was established in 1891, and discontinued February 1, 1908. It con-

sists of seven sections with graduations from 38.6 to 2 feet. It is located on a rock
point about 3,000 feet south of the St. Louis, Iron Mountain and Southern Railway
new depot.

Gne ge sections.-No. 1, 38.6 to 33.1 feet, is an inclined angle-iron section with the
lower end bolted to the rock ledge, and the upper end bolted to angle-iron post set in
concrete.

No. 2, 33.1 to 28 feet, is a strap-iron section on the face of the culvert under the St.
Louis, Iron Mountain and Southern Railway tracks, 330 feet upstream from section
No. 1.

Nos. 3 and 4, 28 to 15 feet, and 15 to 10 feet, respectively, are strap-iron sections on
the rock ledge, in line with section No. 1.

Nos. 5, 6, and 7, 10 to 7.6 feet, 7.6 to 4.9 feet, and 4.9 to 2 feet, respectively, are
strap-iron sections, on the rock ledge, 38 to 73 feet upstream from section No. 1.

Reference bench rnarks.-No. 1, elevation above zero of gauge 26.44 feet, is the top
of a three-qularter-inch iron bolt in center of a triangle in the roeVIedge, 12 feet upstream
from the 11-foot mark of gauge. The letters "B. M.." are cut il the rock near theinark.

No. 2, elevation above zero of gauge, 15.01 feet, is the top of a three-quarter-ilnch
iron bolt in center of a triangle in the rock ledge, 5 feet downstream from the 15-foot
mark of the gauge. The letters "B. MW." are cut in the rock near the mark.

No. 3, elevation above zero of gauge, 11.16 feet, is a three-quarter-inch iron bolt in
the rock ledge 37 feet downstream from the 11-foot mark of gauge.

WATERS POINT, MO.

United States engineer gage.
Elevation, zero of gauge: 377.54.
Miles below Eads Bridge, midbank, 21.5; low water, 22.4.
The gauge was established in 1891, and readings for the period September, 1891, to

July, 1908, are given in Appendix No. 15 of this report. The gauge is located on
Waters Point, just below K mmswick, Mo. It consists of four strap-iron sections,
graduated from 39.5 to 0.0 feet.
Gauge sections.-No. 1, 39.5 to 12.9 feet, is 50 feet downstream from A Simpson 25,

on a large elm tree, and the lower end is bolted to the rock ledge.
No. 2, 12.8 to 6.4 feet, is on the rock ledge 80 feet upstream froin section No. 1.
No. 3, 6.3 to 2 feet, is on a large bowlder 95 feet upstream from section No. 1.
No. 4, 3.2 to 0.0 feet, is on a large bowler 367 feet upstream from section No. 1.
Reference bench marks.-No. 2, elevation above zero of gauge, 14.58 feet, is an iron

bolt in center of a triangle in rock 40 feet downstream from the 12.9-foot mark of
gauge.

No. 3, elevation above zero of gauge, 6.40 feet, is an iron bolt Jn the top of the
bbwlder on which section No. 3 is placed.

No. 4, elevation above zero of gauge, 24.51 feet, is an iron bolt in rock 0.5 foot
downstream from the 24.5-foot mark of gauge.

No. 5, elevation above zero of gauge, 10.69 feet, is an iron bolt in rock 0.5 foot
downstream from the 10.7-foot mark of an old section of the gauge.

AFIlag 10 (M. R. C.), elevation above zero of gauge, 34.32 feetJ is a stone post 24
feet south of an 18-inch shellbark hickory tree, 44 feet east of 16-inch.black hickory
and 41 feet south of edge of rock bank and 23.8 feet west of 18-inch hickory.
ASimpson 25, elevation above zero of gauge, 36.80 feet, is top of a piece of

railroad rail set on end near the fence at section No. 1.
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ST. NICHOLAS ROCK, MO.

United States engineer gauge.
Elevation, zero of gauge: 220.84.
AMiles below Eads 13ridge, midbank,33.0; low water, 34.3.
Th1e gauge was established November, 1904, replacing the Cornice Rock gauge

established in 1891 1-4* miles upstream. Readings began ill January, 1905, and
were discontinued February 1, 1908. The gauge consists of five sections, strap and
angle iron, fastened to the bowiders known as "St. Nicholas rocks," with gradua-
tions from 187.7 to 148.1 feet.
Gauge sections.-No. 1, 187.7 to 175.6- feet, is an almost vertical stmp-irorl section

on a large bolder. f
No. 2, 176 to 172.6 feet, is an inclined strap-iron section oIn ,another bowlder 6

feet downstream from section No. 1.
No. 3, 172.5 to 164 feet, is a strap-iron section in line with section No. 1 oil per-

pendicular river face of bowlder.
No. 4, 164.4 to 159 feet, is an almost vertical strap-iron section oln a small bowlder,

57 feet downstream from section No. 1.
No. 5, 163.3 to 148.1 feet, is a slightly inclined angle-iroll section on an isolated

bowlder 240 feet downstream from section No. 1.
Reference bench inarks.-No. 1, elevation above zero of gauge, 188 feet, is a round-

head iron bolt in rock near the top of section No. 1.
No. 2, elevation above zero of gauge, 172.64 feet, is a round-head iron bolt in rock

at the tipper end of section No. 3.
No. 3, elevation above zero of gauge, 165.04 feet, is a round-head iron bolt in rock

at the upper end of section No. 4.
No. 4, elevation above zero of gauge, 163.26 feet, is a round-head iron bolt in

rock at the upper end of section No. 5.
H 43/3, Stone post 300 feet above northwest corner of Kennett's Castle, at Selilla

M1o. 19 feet Xwest of triangle formed with boat spikes in tie and in center of railroad
track; 10.5 feet -north of the fifth telegraph pole above Selina station; two blazed
cottonwood trees east of track, 69 feet northeast and 81 feet southeast. Elevation
above zero of gauge, 189.65 feet.

BRICKEYS MILL, MO.

United States engineer gauge.
Elevation, zero of gauge: 364.84.
Miles below Eads Bridge, midbank, 43.8; low water, 45.6.
The gauige was established in 1891, and readings were discontinued during the

period from December? 1900, to April, 1904, and since January, 1908.
Readings for the period September, 1891, to December, 1900, and from April, 1904,

to February, 1908, are given in Appendix No. 15 of this report.
Thie gauge consists of seven sections, with graduations from 3St.5 to 1.1 feet, and is

located on and near the old mill.
Before the establishment of the present gauge, a gauge in this locality, then known

as Cliff, AMo., was in use from November 8, 1875, to June 30, 187), the records of which
are oI file in the United States engineer office. Another gauge was in use by the lis-
sissippi River Commission from June, 1884, to June, 1885. (See "Stages of Mississippi
River, 1891.")
Gauge sections.-No. 1, 35.5 to 26.5 feet, is a strap-iron section on the northeast corner

of the mill.
No. 2, 27 to 18.3 feet, is a wood and strap-iron section 24 feet downstream from sec-

tion No. 1.
No. 3, 21 to 14.3 feet, is an inclined wood and strap-iron section in line with section

No. 1.
No. 4, 14.5 to 9.9 feet, is a strap-iron section, 96 feet downstream from section No. l.
No. 5, 10.3 to 9.3 feet, is a strap-iron section, 317 feet downstream from section No. 1.
No. 6, 9.2 to 5.6 feet, is a strap-iron section 326 feet downstream from section No. 1.
No. 7, 2.8 to 1.1 feet, is a strap-iron section 92 feet upstream from section No. 1.
Reference bench marks.--No. 1, E B. Al. 18-41 liolrman. Raised square with letters

"U. S. B. M." above and the number "18" below? cut on horizontal surface of natural
rock; 60 feet above the upstream corner of the mill. Elevation above zero of gauge,
19.71 feet.
No. 2, elevation above zero of gauge, 13.96 feet, is the top of an iron bolt in the rock

near the gauge.
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No. 3, elevation above zero of gauge, 5.06 feet, is the top of an iron bolt in the rock
near the gauge.
No. 4, elevation above zero of gauge, 27.29 feet, is a square-head bolt in the masonry

at the northeast corner of the mi1.
No. 5, elevation above zero of gauge, 14.38 feet, is a roundhead iron bolt in the rock

12 feet south of the 14.5-foot mark of the gauge.

LITTLE ROCK, MO.

United States engineer gauge.
Elevation, zero of gauge: 220,84.
Miles below Eads Bridge: Midbank, 53.9; low water, 56.5.
The gauge was established in 1891, and the records are complete since March, 1894.

Readings from that date to July, :1908, are given in Appendix No. 15 of this report.
The gauge consists of four sections, with graduations from 166.9 to 138 feet, located

at the lower end of the quarries at Little Rock Landing, Mo., and is 2 miles above Ste.
Genevieve, Mo.
Gauge sections.-No. 1, 166.9 to 157 feet, is a strap-iron section on the rock ledge 150

feet upstream from north corner of WVilder's warehouse.
No. 2, 157.6 to 156.2 feet, is a strap-iron section on the rock ledge 345 feet downstream

from section No. 1.
No. 3, 156.2 to 152 feet, is a strap-iron section on the rock ledge 354 feet downstream

from section No. 1.
No. 4, 162 to 138 feet, is a wood and strap-iron section on the rock ledge 111 feet

upstream from section No. 1.
Reference bench marks.-No. I, elevation above zero of gauge, 176.37 feet, is the center

mark on brass bolt on south side of foundation, just east of door in landing warehouse.
No. 2, elevation above zero of gauge 178.66 feet, is a knob of rock with the letters

"B. M." cut above it, 5 feet north and 10 feet west of north corner of boiler house of
mill at landing.
No. 3 (llolmnar 52), elevation above zero of gauge, 178.66 feet, is on the southeast

corner of sill of door on south side of the Little Rock mill. It is marked by cut in door
jamb and an arrow on face of sill under bench mark.

No. 4, elevation above zero of gauge, 160.53 feet, is the top of gauge bolt, in. rock
near the 160.5-foot mark of gauge.
No. 5 elevation above zero of gauge, 152.44 feet, is a bolt in the rock ledge 10.5 feet

south ol the 152.1-foot mark of gauge.
No. 6, elevation above zero of gauge, 152.17 feet, is a bolt in the rock ledge 1 foot

from the 151.9-foot mark of gauge.
No. 7, elevation above zero of gauge, 155.98 feet, is the top of a clinch broken ring-

bolt 9 feet south of the 156-foot mark of gauge.

EAST KASKASKIA, ILL.

United States engineer gauge.Elevation, zero of gauge: 360.84.
Miles below Eads Bridge, midbank, 63.1; low water, 66.1.
The gauge was established in 1893, and readings were discontinued February, 1908.

It consists of six sections with graduations from 33 feet to 1 foot. It is located about
one-half mile above the railroad station at Fort Gage, Ill.
Gauge sections.-No. 1, 33 to 19 feet, is a vertical wooden section on the St. Louis,

Iron Mountain and Southern Railway (Illinois Division) trestle below Fort Gage.
This is a temporary section.

No. 2, 19.6 to 16.2 feet, is a strap-iron section on the rock ledge, 600 feet downstream
from the old "Menard " warehouse.
No. 3, 16.7 to 11.6 feet, is a strap-iron section on the rock ledge 209 feet downstream

from the old warehouse.
No. 4, 12.2 to 6.5 feet, is a strap-iron section on the rock ledge, 481 feet downstream

from the old warehouse.
No. 5, 6.9 to 4.7 feet, is a strap-iron section on the rock ledge 79 feet downstream

from section No. 2.
No. 6, 4.7 feet to 1 foot, is in two parts, of strap iron, on the rock ledge 423 and 415

feet downstream from old warehouse.
Reference bench mnarks.-No. 2, elevation above zero of gauge, 11.33 feet, is a three-

quarter-inch iron bolt flush with the rock, 87.5 feet west of the northwest. corner of the
,old warehouse. It is marked by a triangle and the letters "B. M."
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No. 6, elevation above zero of tauge, 33.67 feet, is the head of a spike in the root of a
lo0CsIt tree south of the old wvare Iousc.
No. 7 elevation above zero of gauge, 37.61 feet, is the head of a spike in white oak

tree 30 feet southeast of the old warehouse.
No. 8, elevation above zero of gauge, 19.13 feet, is a roundhead iron bolt, in the rock,

8.5 feet upstream from the 19-foot niaiak of tlie gauge.
No. 9, ehvation al)ove zero of gattgc, 7.52 feet, is a roudlhcad iron bolt in the rock

at the upper Ocd of section No. 5.

CHESTER, ILL.

-Inited States engineer gauge.
EleVatiol, zero 01 gauge: 3418.13.
Ailes below Eads lBri(lge, ui(idbank, 69.6; low water, 72.9.
EKtablishoed by the United States.Weather Bureati in 1891 anld maintained by

the United States engineer oftice, St. Louis, Mo., Since 1898.
Readings since 1311, ftirnishled by the United States Weather u3tirealu, Cairo, Ill.

to the MIssissippi River Commission, are published in "Stages of the Mississippi
River." Since April, 1899, the United States engineer office Tlas obtained readings
directly from the gauge observer.
The gaugO consists of four Sections, with graduations from 36 to -1 feet.
Gauge sections.-Nos. It and 2, 33 to 25 fet, and 24.9 to 22.5 feet, respectively,

vertical, of wood, are secured to the north vall of the upper warehouse at the stCamer
landing.
No. 3, 24.4 to 3.1 feet, inclined, is of angle iron and located 42 feet upstream from

the warehouse.
No. 4, 2.6 to -1 feet, inclined, ii of wood annl strap iron, located 10 feet upstream

from the warehouse.
Reference bench marks.-13. 'M. Devine, elevation aboVe zero of gauge, 37.95 feet,

is a horizolital chisel imark in tdie head of a copl)er bolt leaded horizontally in the
west vertical face of the stone water table above the foundation of a l)rick building
owned by John Devine, at, the southeast corner of Water and Wall streets, Chester,
Ill. Tho bench mark is 0.4 foAt south from the corner of the building and about
2 feet above the pavement.

No. 4, elevation above zero of gauge, 23.16 feet, is top of a round-head bolt ill the
masonry of the northwest corner of the warehouse on vhich gauge sections Nos. I
and 2 are fastened.

No. 5 (1904), elevation above zero of gauge, 20.86 feet, is top of a ring bolt in
wharf slope halfway between gauge sections Nos. 2 and 3.

No. 6 (1906), elevation above zero of gauge, 22.39 feet, is top of round-head bolt
Set in top of highest concrete pier of section No. 3.

RED ROCK, MO.
United states engineer gauge.
Elevation, zero of gauge: 335 841.
Miles below Ealds Bridge, mindbank, 84.9; low water, 89.2.
The gauge wsiestablished in 1896 and di3continjued February 1, 1908. It con-

sists of six sectionis, with gra(luations from 39 to 2.5 feet, located onl and near the
rock called "Devil's Backboie." Readings from November, 1896;, to January,
1897, and from November, 1897, to January 31, 1908, are in Appendix No. 15, this
report.
Gauge sections.-No. 1, 39 to 23 feet, is a vertical wooden section, with vertical

angle-iron base, 500 feet downstream from the store at Red Rock Landling.
No. 2, 24.4 to 16 feet; No. 3, 17 to 13 feet; No.. 4, 13.2 to 9.3 feet; No. 5, 9.7 to 5.6

feet; and No. 6, 5.5 to 2.5 feet, are strap-iron seCtiOnS on the "Devil's BackbonC."
Referen(w bench inarks.-No. 1, elevation above zero of gauge, 14.25 feet., is a three-

quarter-inch iron bolt flush with the rock, 26 feet southwest of 9.7-foot mark of
gauge.

No. 2, elevation above zero of gauge, 14.33 feet, is a three-quiarter-inch iron bolt,
one-half inch above the rock ledge and 7 feet north of the 15-foot mark of gauge.
No. 3, elevation above zero of gauge, 22.40 feet, is a three-quarter-inch iron bolt,,

one-half inch above the rock ledge and 3 feet south of the 22.4-foot mark of gauge.
No. 4, elQvation. above zero of gauge, 41.40 feet, is a notch cut in the center and on

top of the head wall on the south side of double pipe railroad culvert halfway between
gauge and landing.

No. 6, elevation above zero of gauge, 20.50 feet, is an iron bolt on highest point of
"Devil's Backbone" between sections Nos. 2 and 3.

H. Doc. 50, 61-1 33*
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GRAND TOWER, ILL.

United States engineer gauge.
Elevation, zero of gauge: 329.04.
Miles below Eads Bridge, inidbank, 98.9; low water, 103.3.
The gauge was established by the United States Weather Bureau February, 1885,

and the records to December 31, 1886, are published by that bureau. Records from
January 1, 1889, to January 31, 1891, inclusive, and since January 1, 1905 (the latter
furnished by the United States engineer office) are published in "Stages of the Missis-
sippi River"' by the Mississippi River Commission. Readings for the periods January,
1896, to December, 1904, and from January to July 31, 1908, are given in Appendix
No. 15 of this report. Readings for the period from December, 1904, to January, 1908?
are published by the Mississippi River Commission in "Stages of the Mississippi
River."
The reaidings for the period from February 1, 1891, to June 30, 1896, tabulated from

telegraphic reports in the St. Louis Globe-Democrat (daily) and for the period July 1,
1896, to January 22, 1897, from the records of the coal company at Grand Tower, are
on file in the United States engineer office, St. Louis,3 Mo.
The gauge was reestablished by the United States engineer office, St. Louis, January

23, 1897, and has sinice been maintained by that office.
The zero of the gkaugo was 331.52 until about Mtarch 10, 1893, when it was changed by

,he observer to 329.04, the present value.
The gauge, graduated from 40 to 0 feet, is vertical, of wood sections 2 by 5 inches,

and on a pile in the coal dump.
IReference bench marks.-No. 1, elevation above zero of gauge, 43.10 feet, is stone post

in northeast corner of yard of office of Big Muddy Coal and Iron Company, Grand
Tower.

No. 3, elevation above zero of gauge, 27.27 feet, is top of square-head bolt in bowlder
345 feet upstream from north end of coal dump 97 feet west of 28-inch walnut tree, and
98 feet Southwest of a 30-inch post oak, on hillside.
No. 4, elevation above zero of gauge, 31.41 feet, is top of square-head bolt in bowler

175 feet upstream from reference bench mark No. 3,i and 70 feet southwest from a
26-inch white oak, onl hillside.
No. 5, elevation above zero of gauge, 43.99 feet, is top of boat spike in root of maple

stump in northwest corner of yard of office of Big Muddy Coal and Iron Company.

MOCCASIN SPRINGS, MO.

United States engineer gauge.
Elevation, zero of gauge: 320.84.
Miles below 8ads Bridge, inidbank, 112.7; low water, 116.8.
The gauge was established in 1896 and discontinued on February 1, 1908. Read-

ings from November, 1896, to January 31, 1908, and for the month of June, 1908,--are
given in Appendix No. 15 of this report.
The gauge consists of 10 sections, with graduations from 38 to 4.2 feet. It is located

near the Moccasin Springs post-office.
Gauige aection&-No. 1, 38 to 26.8 feet, is a vertical wooden section on a tree 120 feet

downstream from the landing warehouse.
No. 2, 29 to 22.1 feet, is a strap-iron section fastened to the rock ledge and to a large

elm tree 500 feet downstream from section No. 1.
No. 3, 22.3 to 20.5 feet, is a strap-iron section on rock ledge 375 feet downstream from

section No. I.
No. 4, 20.6 to 1]8.5 feet, is a strap-iron section bolted to rock 10 feet toward rver from

section No. 2.
No. B, 18.5 to 12.4 feet, is a strap-iron section on rock ledge 505 feet downstream from

section No. 1.
No. 6, 14.9 to 10.8 feet, is not used.
No. 7, :12.6 to 9.2 feet., is a vertical angle-iron section on rock ledge on Second pro-

jecting point, about 250 feet downstream from section No. 2.
No. 8,10.6 to 8.5 feet, is a strap-iron section on rock ledge 522 feet/Vuptream from

section No. 1.
No. 9, 8.4 to 5.8 feet, is a strap-iron section on rock ledge 460 feet upstream from

section No. 1.
No. 10, 7.5 to 4.2 feet, is a strap-iron section on rock ledge 550 feet downstream from

section No. 1.
RAference bench marks.-No. 2 (U. S. B. M. 37), elevation above zero of gauge, 22.66

feet, is a square knob with the letters " U. S. B. M. 37 " cut in rock ledge and 1 foot
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from face, under the main bank,and a little south of the south line of first house above
landing.

No. 3, elevation above zero of gauge 9.25 feet, is a bolt iii the rock ledge 8 feet
downstream from section No. 8.

No. 4, elevation above zero of gauge, 7.88 feet, is a bolt in the rock ledge 470 feet
downstream from section No. 1.

No. 5, elevation above zero of gauge, 24.87 feet, is a bolt in the rock ledlge 4 feet up-
stream from section No. 2.

CAPE (}IIRARI)EAU, MO.

Mississippi River Commission gauge.
Elevation, zero of )-auge: 311.84.
Miles below E iadbridge, midbank, 126.5; low water, 130.8.
The gauge consists of an incline(l section near the lower end of Themis street, and

two vertical sections at the lower end of the city wharf, at the foot of Independence
street.
The vertical sections are marked A, 26 to 36 feet, and F, 5 to 9 feet.
The inclined gauge was built in Deceimber, 1904. It runs from top of paved levee

to 10 feet beyond foot of pavement ol a line with and a little south ot the south side of
Themis street extended, the total iengtth i)eillg 115 feet.
The gauge consists of a wooden stringer 8 by 10 inches, resting on bents made of 8

by 8 inch, and 5 by 8 inches, 3 feet high, placed 8 feet apart. The lower end of wooden
stringer is b)olte(l into the natural rock.
On top of the stringer is * * * an iron strip * * * graduations * * * 31.5 feet * * *

permanent graduation * * * to the (9.9-foot mark * * * strap-iron * * fastened to
onie of the lower timl)ers of the gauge and graduated from 7.7-foot mark to 9.8-foot
mark.-" Stages of the Mlississipl)p River."

Reference b&nch marks.-OIP. 13. Al. 54, elevation above zero of gauge, 41.67 feet, is
center of horizontal Coll)Cr bolt in the outer vertical face of stone step), which extends
under b1uttress at the northeast corner, second entrance from the north, to the River-
view Ihotel, on1 Water street, Cape Girardeau.

No. 1 (flarnuin, 1898), elevation above zero of gauge, 35.58 feet, is top of flat portion
of bent boat sl)ike driven horizontally into river face at southwest corner of W.W.
Flentge's store building, north side of InT(epen(lence street,. It is 0.6 foot north of
corner an(l is ill the first joint of stone masonry above ground, -and third joint below
brickwork, and is abIout o level witl l)paing of' gutter at corner of building. Building
is marked " Franklin Ilouse " oI river.front.

B. Al. G. 1904, elevation above zero of gauge, 36.36 feet is top of iron bolt leaded
vertically in top face at east end-of stone step which is oIn the east end of north side of
Nicholas Scharff's wholesale grocery store, southwest corner of Themis and North
Water street-.;

GRAYS lOINT, MO.

United States engineer gauge.
Elevation, zero of gauge, 308.15.
Miles below Eads Bridge, midbank, 132 4 low water, 136.8.
The Mississippi River Commission established the present gauge in 1883 and

maintained it until August, 1896, when it was discontinued.
On November 2, 1896, the United States engineer office began using this gauge

and abandoned the engineer's gauge 0.73 mile upstream, which was established
in 1878, and the readings Ion this latter gauge from February, 1880, to August, 1883
were changed to agree with the zero of the commission's gauge, and are published
in "Stages of the Mississippi River."
The reAdings on the present gauge, from November 2, 1896, to date, have not

been published, but are onl file in the Unitcd States engineer office, St. louis. Read-
in-i from January, 1896, to July 31, 1908, are given in Appendix No. 15 of this report.The l)resCnt gauge consiFts cf three sections, with graduations from 35.7 to 1.8
feet, located on the rock ledge at Grays Point, Alo.
Gauge sections.--No. 1, 35.7 to 19 feet, is a strap-iron section on rock ledge at the

lowest part of the rock point.
No. 2, 23 to 5.5 feet, is a strap-iron section on the rock ledge 120 feet upstream

from section No. 1.
No. 3, 6.5 to 1.8 feet, is a strap-iron section on the rock ledge 543 feet upstream

from section No. 1.
Reference bench rnarks.-No. 1 (13. Al. Ewens, 1883), elevation above zero of gauge,

26.05 feet, is the top of an iron bolt leaded vertically into the rock ledge 8.5 feet
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upstream from th(3 2(6-foot mark of gauitge. The letter "U. S. 13B . E." arc cut
in thle rock 0.5 foot from the bench mark. (F4or elevation of this reference bench
mark, seetll 3M. .=G rays, in P'ermlanent Suirvey-AMarks, this appen(lix.)No. '2, elevat0ion al)ovc zero of gauge, 15. 1t; feet, is an elevated square knob cil
the rock Ie(lge 21 feet downstream from the 15-foot mark of gauge. The letters and
numlner "'U. S. 1B. AM. 74 " are cut, in the rock near thoe bench mark.

No. 3, elevatioli above zero of gauge, 8.23 feet, is thle top of a three-quarter-inch,
iron bolt 4.5 feet inshore from top) of section No. 3.

COMMERCE, MO.

Uinite(l States engineer gauge.
Elevation, zero of gaui~ge, 308.84.
Miles below Eads Bridge, midbank, 139.4; low water, 143.7.
1'he gallrge wls established in September, 1896, and readings to July, 1908, are

given in Appendix No. 15 of this report. The gauge coiisists of five sectionIS, with
graduations from. 30 to 2 feet, located oln the o01( mill and the bowlders immediately
upstream from the land in g.
Gauge sections.-No. 1, 30 to 21.3 feet, is a vertical wooden section on the upstream

side ot the. nuill and 30 feet from the( river front of the 1)uilding(.
No. 2, 24 to 10.6 feet, is a vertical wooden section oli a lanre pile at the northeast

corner of the mill.
No. 3, 15.4 to 10 feet; No. 4, 10.5 to 7.2 feet, and No. 5, 7.1 to 2 feet, are on bowl-

ders 255 feet upstream from the mill. Nos. 3 and 4 are strap-iron sections, and No.
5 is a verticalwooden section.

Reference bench nrmrks.-No. 1,0P. B. AM. 61, elevation above zero of gauge, 60.68
feet, i9 the centerof it horizontal copper bolt set in front cr east face of foundation
of Mr. Ainderson's large brick dwelling at the upper end of Commerce. It is feet
north of center of front entrance annl 1.2 feet above ground.

No. 2, elevation above zero of gauge, 18.51: feet, is an elevated square knob cut onl
a large bowlder 260 feet upstream from the mill at the landing. 'Ihe letters and
number "U. S.1B.AL 74 " are cut in the rock1 foot west of thebench mark.

HACKER TOWHEAD, ILL.

United States engineer gauge.
Elevation, zero of gauge, 220.84.
Miles below Eads Bridge, midbank, 151.5; lbw water, 156.5.
Thegauge was established in March,104, and wasdiscontinue(l February 1, 1908.

It is located on the head of Ilacker Towhead (Blackbird Island), and consists of three
sections with gradUations from 114 to 80 feet.
Gauge scclions.-No.1, 114 to 107.3 feet, is a vertical wooden sectiononi a tree on the

revetted bank and 50fet upstream fromsection No. 2.
No. 2, 107.6 to 87.8 feet. Theupper portion, 107.6 to tC6.4 feet, is an inclined wooden

section with its top fastened to a stump; the lower)ortion, 96.4 to 87.8 feet, consists
of an angle-iron Section.

No. 3, 90 to 80 feet, is a vertical wooden section on a pile 200 feet upstream fromn sec-
tion No. 2.

Reference benchmarks.-No. 1, elevation above zero of gauge 108.98 feet, is top of a
sike in the root of a,3-foot elmn tree 200 feet north of a house in a 10-acre lot owned by
Harry Mc( olgan.

No. 3, elevation above zero of gauge 109.98 feet, is top of a spike in the root of a
6-inch sycamore 110 feetcast of gauge section No. 1.

No. 4, elevation above Zero ofgal:ge 108.10 feet, is top of a round-head iron bolt in
the concrete base of the ironpost at the 88-foot markof gauge.

No. 5 (A Cuba), e1leation above zero of gauge 108.88 feet, is top of iron pipe, sur-
rounded by loose stone, nearly flush withthe surface of revetment at, the outer enl of
hurdle No. 8, Hacker Towhead.

Ej5/1. Elevation of sto ne above zero of gauge, 103.441 feet; of pipe, 108.52 feet,i8
flat stone and iron pipe, in Illinois; about one-T1alf mile hack from old high bank in,
Hacker Bend; at.fence, edge ofwoo1s, and east si(e of field; 150 feetsouth of north-
east corner of field; 20 feet from small leg house; and just back of small orchard.

13EECHRID(E, ILL.
United States engineer gauge.
El3vation,zero of gage, 289.73.
Miles below Eads Bridge, mnidbank, 162.5; low water, 169.5.
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The gauge, established in 1900, originally consisted of only high and low water sec-
tions. It floW consists of four sections, vitih gradnations from '12 to 6.8 feet, placed oIn
the revette(l balik about 60 feet, soutlh of th3 roa(I ruiiijigai-st tul eBecebiri(lige. Rlead-
ings froin October to December, J.90J.; .January, September, and November, 1902;
March and Juine, 1903, and November, 1903, to Jlily :31, 1908, are given ill Appendix
No. 15 of this report.
Gauge seciolns.-No. 1, 42 to 38.5 feet, is a vertical wooden section on a smniall catalpa

tree at the tol) of the l)ank.
No. 2, 39 to 24.5 feet., is an inclined angle-iron se(t~ion bolte(l to angle-iron posts

embed(l(le in concrete 30 feet upl)streani froin section No. 1.
No. 3, 24.5 to 1:3 feet, is all inclined angle-iron section 187 feet downstream from

section No. 1.
No. 1, 13.9 to 6.8 feet, is an1 inclined angle-iron section about 100 feet upstreami from

section No. 1.
Reference beflici marks.--No. 1 (01'. 18. A. 65), elevation above zero of gauge 36.58

feet is the top of copper bolt in stone post oln land of C. P. Martin. Stone is south of
road running west. froni Beechrid(ge-amid nearly in linc with two large oak trees on
north,Ione in the field, the other in soutlihfence along roa(l, anIid distant, respectively
185 and 362 feet. Stone is 95 feet. west. of the abandoned Cairo road and 180.5 feet east
of Martin's barn.

No. 2, elevation above zero of gauge 35.741 feet, is a sipike in the base of aln elin tree
in fence corner in southl1 lilel of l11(1lbelomigring to tle ])C Gellder estate.
No. 3, elevation al)ove zero of gaulgec :3..4I:lfact, is a spike in thc root of river si(le of

small catalpa tree to which section No. I is secured(l.

1i1111)s IoiTr, Mio.

United States engineer gauge.
Elevation, zero' o gauge: 279.19
Miles below Eads Bridge, Iui(l b)anik, 17:3.2; low water, 181.4.
The. gaugo was esta;blishied in 1901 nand discontinued January, 1908. It consisted

of four sections, with gra(luatiofls from 52 to 0 feet, placed oln guard piling of incline of
the. St. Louis Southwestern Railway.

Reference benchiarks.--No. 2, elevation above zero of gauge, 13.20 feet, is a spike in
river sidle of large elm tree in front of watchman's house onl the. south side of the track
leading to lower incline.

C'AIRtO, 11,1. (01110 RIVERT).

United States engineer's gaulle, in charge of Mississippi River Commission.
Elevation, zero of gsage: 277.71.
Gauge is 2 miles above the mouth, in thle Ohio River.
Mouth of Ohio River; miles below Eads Bridge, illid bank, 174.8; low water, 182.5.
The gauge, at the foot of 4'Fourth street, is in three sections, and is graduated from

55 to 1 feet.
Gauge scetions.-The section fromn 55 to 50 feet is a steel strap 5 by A inches,

bolted to thie upstream face of buttress at upstreami si(le of roadway opening ill
concrete retaining wall, high levoe, and 'upstream from the ineline(l section of the
gallge.

'[he, inclined section, 50 to 9 feet,, consists of a 12-inch steel I beami embedded in
concrete.

1( inclined section from 9 to 1 feet consists of 10 by 12 inch oak timbers, laid
nearly flush with the face of the levee; to the uipper face of the timl)ers is spiked an
iron Atral) 'L1-by -b inches.

Reference bench ?arks.--No. 1 (Ilely), elevation above zero of gauge, 52.42 feet, is a
cross cut in the corrugated iron sill (;f the lalliday House on the river side, miear the
northeast corner, ulnller window. It is 1 .7 feet south of tile corner and near head of
large bent nail.
OP. 13. Al. 1, elevation above zero of gauge, 17.09 feet, is a small hole in center of

copper l)olt set horizonitallyt ininort(hwe(st si(le of ct11olmi-house. 1It iS 23.5 fect from the
northeast corner and 1.2 feet belowv thle junction of the Sandstone and limestone.
The letters " U. S. 13. Al." are cut in the stone.

I1'. 13. Al. 2, elevation above zero of gauge, 48.42 feet, is hole ill copp)ler bolt set
horizontally in east side of building containing oflices of the trustees of Cairo city
Public property onl Washingtonr avenue., between Eichteenth and Nineteenth streets.
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The bolt is 14.6 feet from southeast corner and 3.7 feet below lower surface of water
table. The letters " U. S. 13. M." are cut ill the ston1.

1B. M. D., elevation aboveozero of gauge, 55.87 feet, is top) of letter "1) " iii lbrass plate
sunk in granitoi(l coping near upper end of inclined gauge. Nlate bears the inscrip-
tion: " Built by 1). Sin( lair, Kankakce, 1898."

RECORD 0o TrilE I1MIEST KNOWN WATER MARKS OF1 THE MISSISSIPPI RIVERBIETWEEN
(mtAr'rON, I,1,., AND COLUMBUIJS, KY.

FLOOD oiF'. APRIIl, 1785 ('' l'ANNm1' I)E.4 GRANT)Es I.SAUX ).

"The high water of 1785 from a chisel mark and (late on the r(xck at Carondelet
appears to have been :3.85+ our present directrix=(high water of 1826)".-Quoted
from old gauge recor(l by Jacob) Leopold in harbor aend wharf conirnissioners' oflice,
St. Louis, Mo.
"High water 1785, April, about 42 feet."-I)r. George Engelmann, Transactions,

Academy of Science, VolumeI 1, piages 420-423.
"Flood of 1785.-A great flood at St. LouiB in April, said to have been equal to

that of 1844."-Hlumphreys anid Abbot Rleport, 1861, page 168.
"The Mississippi rose twrenthty feet above the higfiest known watermarks. Thix

deponont went in a boat, for the purpose of procuring plank, from St. Louis through
the woods growing in tho Americin lBottoin, to Kaskaskia. This was in April, 1785.
Auguste Chouteau, April 18, 1825.-Hunt's Minutes Volume I, page 107.
"The following year after the commencement of the new village (Ste.Genevievo)

was 91annei (des grandes calux.' The old village was overfloweC #o as to be on the
top of the houses. A boat by Mr. Chouteau arrive(l at this timie, an(l they made
the boat fast to the top of one of the chimneys, anid dined on the roof of the house of
old Andir. InI the big field the water was in many places teil to fifteen feet deep.
Julien Labriere, October 22, 1825.-Ihunt's Minutes, Volunie Il, pagro 225."-History
of St. Louis City and County1 by J. Thomas Scharf, 1883, Volume. I, page 210.
"The old town (Ste. Genevieve,) Was abandoned in 178t5 On account of the great

flood of the Father of Waters during that year, and known 11mOm1l its inhabitanits as
l'pannie des grandes caux.' * * * The overflow of the AlMsissippi in the year
1785 has never been equaled since."-Rozier'H History, Eatly Settlement of the
Mississippi Valley.

"It is certain that at Kaskaskia the water attaine(l a greater height in 1844 than
was reached in 1785. This is not predicate(l upon the eire rec(llection of indi-
viduals, but was ascertained from existing marks of the height of the flood of that
year after the subsidence of the water in 18414. It was then l)rove(1 that iii this latter
mentioned year the water rose two feet andl five inches above the high-water mark
of 1785."-listory of St. Louis City and County, by J. rhomas Scharf, 1883, Vol-
ume II, page 106.
Elevation of high-water mark of 1844 at Old Kaskaskia (Board on Examination

and Survey of Mississippi River Survey, 1908) is 393.10, and Subtracting 2 feet S
inches gives 390.68 ws the elevation of the high-water mark of 1785 at that point.

Elevation of St. Louis city directrix + 3.85=424.69. Assuming that the point
"rock at Carondelet" was at Steins street, St. Louis, 61 miles below the St. Louis
(Market street) gauge, using the slope of 1844 from St. Louis to Waters Point (0.57ioot per mile) and transferring this stage to the present St. Louis gauge, the high
water of 1785 would have rea 41.4 feet, which is practically the siamne gauge height
as for the flood of 1844.

Considering this location for the "rock at Carondelet" an(l the elevation as re-
corded by Jacob Leopold (for many years the St. Louis gauge reader), the equiva-
lent gauge retailing of 41.4 feet is believed to be very nearly correct.
While this, dOe( not agree with the 1844 record for Kaskaskia (Scharf's History),

great weight should be given to Humphre)s and Abbot report and to the stage (about
42 feet) recorded by I)octor Engelmann; and it is probable that the record of 41.4

-feet for the flood of 1785 at St. ILouis is fully as reliablo as the Kaskaskia record; also
it is possible that owing to changes in the river bed the flood of 1844 was abnormally
high at Kaskaskia, as compared with that of 1785.

FLOODI OF JUNE, 1844.

OnRArON, 11,1..
Miles above lEads Bridge, 38.
Elevation: 4,13. 1.
Four'.een inches above top of lower end of sltoe1 wall on west sidle of street running

from Alain street to Black Crook House; eleVation, 413.12; authority, John MeClin-
tock.-Report, "Waterway, Lockport to St. Louis," 1905.
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According to RI . Goodrich the water in 1858 came up nearly even with the bottom
of step ofchtvurchon Main street, an(I eVen with the Bi(ewalk. Elevation of step,
443.13 (United States engineer office, St. Louis, Mo., levels of 1879 adjusted to precise
levels). This high water is probably that of 1844.

ELSAI, ILI,. (JERSEh;Y LANDINO).

Miles above Eads I3ridge, 34.1.
Elevation: 442.3.
Mark on door on west Bide of brick building at upper en(l of trestle at Jer-sey Land-

ing, lJl.; elevation, 442.34. On this same door is the mark of 1858.-Mississippi River
Comisfli6n, survey 1891.

ALTON, 11,1,.

Miles above Eads Bridge, 23.4.
Elevation: 439.8.
According to the survey of 1879 (United States engineer office, St. Louis, Mo.) the

original mark was a black stripe painted by Q. D. Sidway, over water Stail on a post
in his sa(ldlery shop locate(1 on the north side of Second street four (loors from State
street. Marks of IST51 aind 1858 were also on the same post. Before this saddlery shop
was rebuilt, City Engineer George I)ixon transferred the 1844 mark to a rourinl ironl
column set in the riorthea-st corner of Alton rolling mill, corner of Second and State
streets, cutting in that column a horizolntal groove and the date 1844. On same col-
umn is a high-water mark of 1903, 33. inches lower.
That the 1844 mark wa8s accurately transferred is shown by levels taken in 1908 to

an old bench mark (Emerson's house) which had been connected with thlO original
mark. I)etermination of original mark by United States engineer office (adjusted
levels) in 1872 439.78; in 1879, 440.00; qf transferred mark, by Mlississippi River Com-
mission transailluvial levels in 1894, 439.78; by Board oin Exatninatiorn arnd Survey of
Mississippi River single line of levels in 1908 from n! 62/2, 439.77; and by closed line
romAAlton, 439.50.

MADISON, ILL,.

Miles above Eads 1Hri(dge, 12.8.
Elevation: 435.
Alark is notch cut inl 39-inch burr oak tree, I I miles from the river and onl the east

bank of Chouteau Slough.
Marks for the flood.3 of 1851 and 1858 are also cut in the same tree.
Mr. Pettingill's hO1Soe (since destroyed by fire) stood inlmediately back frotri the

tree, and it is Btated that the water at its Qiod creCt was I4 inches (Jeep in lihe hall of
the house. According to the United States engineer office SUrvey of 1879 the eTE-a-
tion of floor plus 1.17 feet was 434.9, or 0.38 foot lower thani the notch in the tree.
The elevation of notch on the tree, as (letermrinied by lHoard oil Examination and

Survey of Mississippi River levels, 1908, is 4'35.

ST. LOUIS, MO. EADS IIRIDGE.

Miles from Eads Bridge, 0.
Elevation: 429.2.
Mark scored, with marks of 1851, 1858, 1881, 1882, 1883, and others, crn wood )Ost

ea8t of door to the Eagle Boat Store ComPanY, No. 517 NOrth Wharf. ElIvation,
429.22.-AMisissippi RiVer Commission, Survey, 1889.

ST. LOUIS, MO. MARKET STREET GAUOE.

Miles below Eads Bridge, 0.4.
Elevation: 428.4.
A mark 7 feet 7 inches above the St. Louis City directrix (elevation of (lirectrix,

420.84) which was the curbstone of the wharf between Mlarket anrd Walnut streets.
Elevation, 428.42.

I ('CAH{O1KIA, I1.1,
Miles below Eads Bridge, 3.7.
Elevation: 42'6.9.
Water stain on black walnut door of old frame Catholic church. The door is the

one leading to the room in the rear, and the stain is on the main. room side of the
door. Just above the stain was found penciled "18'14;" elevation, 426.90. St~lim
for the flood crest of 1903 is 4 feet 3 inches lower. (United States engineer office,
1905, Pennimaln.)
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A point, indicated by Mrs. Theresa Le Bereb, on thle east wall of her house; to the
best of her memory this pOitit was 5 feet above the window sill. Elevation, 426.92.
(Board oil Examinatiotn and Sturvey of Mississilppi River, 1908, Wolbrecht.)

WATERS POINT, MIO.

Miles below Eads, Bridge, 22.4.
Elevation: 4 16.4.
Mrs. L~etitia Waters, widow of Capt. G. WV. Waters, U. S. Army, said the flood ereSt

of 1844 was jtist over the crotch of at 15-inch walnut tree which was on the bank of the
river in line with' north wall of her house. The elevation of the crotch of the tree
(416.4 feet) was checked l)y levels to several water stains on trees in MlonteSano
Park. These stains were very distinct and the mean elevation of four such marks
was 416.72 feet. The park is about 0.8 mile above Waters Point. (United States..
engineer office, 1879, adjusted levels.)

OPPOSITE SULPHUR SPRINGS, MO.

Miles below Eacis Bridge, 24.1.
Elevation.: 115.3.
A point about 5 inches above the sill of a window in the north side of house owned

by Victor Castelli, of Valmeyer, Ill. 'Eouse is occupied by Mlr. and Mlrs. Vogel, and
the latter is authority for the mark, h11aving received her information from members
of the family Wvho lived in the house (liring the flood of 18414. (Board on Examina-
tion and Survey of Mississippi River, 1908, Volbrecht.)

RIVERSIDE, MO.

Miles below Ea(ls Bridge, 27.9.
Elevation: 412.3.
Governor Dunklin's son remembered that the floxl reached within an inch of

the base of'the chininey of their old house. Elevation of base of chimney, 412.63
(adjusted levels). (From records of the United States engineer office survey of 1879.)
Mr. C. B. Wallace in(licate( the pl)l)roximate location of a mark on the 'tone chimTney

of a house almost. directly opposite in Illinois, which was occupied at the time of
that flood by his grandmother. Owing to whitewash and plaster being over the mark,
nill exact determination was not madle. Elevation of approximate mark, 411.93.
(Board on Examination and Survey of Mlississippi River, 1908, Wolbreclit.)
The mark at Riverside, MAo., was in a ravine, and sinle the water striking against

the prominent point of the lower bluff tended to pile up and make the crest elevation
of the flood greater there than across the river, back of the timber, a mean of the
two elevations has been used, which gives a fairly reliable determination of the flood
crest at this point.

PLATIN ROCK, MO.

Miles below Bads Bridge, 31.3.
Elevation: 411.3.
James E. Jewett, who lived at Platin Rock, in southern oneof row of houses north

of stono house, said the flood crest of 1858, to the best of his memory, was even with
the lowest part of rimil of rectangular stone basin at bottom of down spout at south-
east corner of row. Elevation of rim, 407.62. Leveler Sadler, of 1872 survey, United
States engineer office, stated that at Hugs, a short distance downstreaim from Platin
Rock, the flood crest of 18414 was 3.66 feet higher than the flood crest of 1858, from
which the elevation of 4111.28 is derivedd. (United States engineer office, surveys of
1872 and 1879, adjusted levels.)

RUSH TOWER, MO.

Miles below Eads Bridge, 39.4.
Elevation: 403.4.
"high Water Mark of 18414.,' (United States engineer office, 1S72, Smith, adjusted

levels.)



WAT'L'ERWVAY, ST. LOUIS TrO TIHE GIUL' NI)ANDCICAGO.

135RICKEYS, MO.

Miles bo10w Eads Bridge, 45.6).
Elevation: 403.
According,to United States engineer office survey of 1878, the flood crest of 18.38 was

up to the lower part of the planks of first floor of Brickey's mill anrd warehouse. le-
vation of lbottoin of floor, 399.31, determined in 1908 by duplicate line of levels, Board
on Examination and Survey of Mississippi River. From notel)ook, United States
engineer office survey of 1872, the flood of 1844 at Brickeys was 3.66 feet higher than
the flood of 1858, giving elevation 402.97 for flood of 1814.
John C. I3rickey, who lived at Brickey's mill in 1844, said the mark of 1844 was 1

inch above the Aill of the cellar window to the right of the front steps (aipproaching the
house). Elevation, 403.34. (United State-s engineer office fnirvoy, 1879; single line,
adjusted levels.) This house was moved since 1879.

ABOVE LITTLE ROCK LANDING, SIO.

Miles below Eads Bridge, 56.2.
Elevation: 397.3.
The original mark, destroyc1 by quarrying in November, 1894, was an irregular

triangular groove, about 1 inch wide, 1 inch deep, and 2 feet long, not horizorltaF the
upstream end being about 2 inches the higher cut in the vertical iace'ofthe bluff one-
quarter mile upstream from the landing. AiXove the mark wvas also cut "II. NV. M.
1844Maydwell. ' Elevation, 397.3 (United States engineeroffice, 1879, adjuiste(d levelss)
In October, 18914, the elevation of the center of the origil.I mark was transferred by a
closed line of levels to the south face of the south foundation wall of warehouses at the
landing. At this elevation a copper bolt was leaded into the wall and the new in-
scription cut: "IL. NN. M. 1844 transferred from bluff 1,400feet north, elevation 17(7.36"
(United States engineer office (latum) or 397.20; closed line of levels toO P. 13. M. 41.

ONE MILE BELOW LIVTLE ROCK LANDING, Mo.

Miles below Eads Bridge, 57.A. I
Elevation: 396.9.
According to Mr. Bantz, the crest of the flodl was even with the top of the lowest one

of the front steps of his house. Elevation, 396.93. (tUnited States engineer office,
1879, adjusted levels.)

STE. GENEVIEVE, MO.

Miles below Eads Blridge, 58.8.
Elevation: 396.3.
A mark, with date "1844," cut in the brick chimney at the north end of the old

Seibert house in south angle at the west end of South Fork street. J le-vation, 39.25.
The water of 1844 was onl the lower bar of the top s.>ih of the only front window on first
floor of two-story frame house opposite east end Of Soluth Fork street. Elevation of
bar, 396.38. (United States engineer office, 1880, adjusted levels.)

REILY LAKE, ILL.

Miles-below Eads Bridge, 65.1.
Elevation: 393.9.
The original mark wa.s made with lampblack on plastered wall in old flour mill, in

first ravine above Reily Lake, Ill. To perpetuate the mark, a government surveyor
made scratches in the plastering where the lampblack mark was. Peter Sternemain,
the miller in 1844, pointed out a mark to the leveler in 191)8. Elevation, 393.89.
(Board on Examination and Survey of M1issis:sippi River, 1908, Wolbrecht.)

OLD KASKASKIA, ILL.

Miles below Eads Bridge, 65.6.
Elevation: 393.1.
The mark is a notch cut in the corner of northeast porch post and about 6.5 feet above

the porch floor of the old Hotchkiss house, now the northernmost house on Kaskaskia
Island. Elevation, 393.10. (Board on Examination and Survey of Mississippi River,
1908, Wolbrecht.)
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Alex I)anis, who wrote the following letter, ii authority for the mark.

FORT GAGE, ILL., February 2, 1908.
D)ER Sitt: i Have located a Place in old Kas. KaIs Kia Ills a house facing the north

with the Poarch it has seeder Post With a Cut in it 6 or 7 feet from the floor The
house that they Call the old Boman House and also a Nuther Place Nor Reily Lake
Ner the old Mill in a Rock Bldg South East Corner with a Regnel Mark of 1844 Water
mark the 3ilding stands south of the Creek Runs North East and South West.
North East of a Waggon Bridge Rite by the side of a spring they Call the Reily

sppng.
i have reseved my information from som old Sittions ove KasKas Kia Ills.

Yours Truley,
From ALEX DANIS.

As the river bank near this house was caving, the elevation of the mark was traris-
ferred to the northwest corner of a house about 60 meters back, and over this new
mark was carved "II XV '44."

ST. MARYS, LO.
Miles below Eads Bridge, 69.5.
Elevation: 391.5.
Mr. Jules Rozier, sr., was told by the former occupant of the house that the flood

crest of 1844 was even with bottom of large padlock hanging from staple into west
post of cellar doorway on south side of the old Rozier house, now so-called, and about
one-quarter mile below the railroad station. Elevation of staple, 391.80. (Board
on Examination and Survey of Mississippi River, 1908, Wolbrecht.)

CHESTER, XLI,.

Miles below Eads Bridge, 72.9.
Elevation: 388.
A mark on the wainscoting of Gnaegy's saloon near the gauge at Chester, Ill. It

is p)rol)ably a transferred mark, as Mr. Gnaegy stated in 1908, that the saloon was
not built till the early fifties. Elevation, 387.99. (United States engineer office,
1903, Skelly.)
Elevation of top of window sill of old mill at Chester, said to be the crest of flood

of 18447 is 386.41. (Board on Examination and Survey of Mississippi River, 1908
Harmanl.) At Coles Mill, 0.9 mile below this point, there is a mark of 1844 said
to be reliable, elevation, 387.28. At St. Marys, Mo., the floods of 1844 ar( of 1858
are about 4 feet different in elevation, and at Wilkinson, Mo.) 18 miles below Ches-
ter, the difference is 5.02 feet. (United States engineer office, 1872.) The ele-
vation of 1858 flood crest at Chester is 383.8. Using elevation 386.41 for 1844, the
difference between flood crests is only 2.61 feet; but by using elevation of mark
in Gnaegy's saloon (388) the difference is 4.2 feet. The latter mark has been ten-
tatively accepted.

COLES MILL, ILL.

Miles below Eads Bridge, 73.8.
Elevation: 387.3.
A chisel mark in masonry, east corner of Cole Milling Company's warehouse, 0.9

mile below gauge at Chester, Ill. The date " 1844 " is cut in the masonry over the
mark. Elevation, 387.28. (Board on Examination and Survey of Mississippi Rivsr,
1907, Harman.)
The United States engineer office in 1903 determined elevation of a point, said

to be height of water of 1844, 1 inch below floor of river warehouse, and transferred
this elevation to sill of door facing railroad on southeast corner of river warehouse.
Elevation, 383.82. (Probably flood mark of 1858.) Flood crest of 1844 said to have
been 4 feet above top of doorsill of the front door of mill proper. Elevation of door-
Bill, 382.61, by sin te line of levels from B. M. Devine. (United States engineer
office, 1903, Skelly.)

BAILEYS, MO.

Miles below Eads Bridge, 87.7.
Elevation: 380.6.
A horizontal mark, with inscription "High Water 1844" chiseled in face of rock

bluff about 14 miles below Menfro, Mo., and 0.9 mile above Grand Eddy, and near
the "Prisco" railroad. The mark was verified by Jesse F. D)elassus, county high-
way engineer of Perry County, Mo., a grandson of C. E. Delassus, who made the
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mark. Elevation, 380.63, closed line to 0 P. B3. M. 42, United States ellginecr office,
1901, Hlolman. (Elevation 380.4, Board on Examination anrd Survey of MiSSissippi
River, 1908, Wolbrecht.)

WILKINSON, MO.

Miles below Eads Bridge, 90.9.
Elevation: 379.2.
Mark is center of elongated diamond 0.83 foot long and 0.09 foot high, on face:of

monument which formerly stood in the walk leading to front door of the Wilkinson
house, about 1.9 miles above Seventysix, Mo. The montument. was Inovedi when
the "Frisco" railroad was built, but was reset by a-board on examination and survey
of Mississippi River level party (Ilarman) in 1908 imlnedliately northwest of brick
chimney on upstream side of the house, with the center of the (liamiond at elevation
387.75, or 8.5 feet higher than the original elevation (closed line of levels from o
P. B. M. 42). The monument has inscription "High Water" over the diamond,
and "Mark, June 29, 1844" beneath, witt a horizontal nmark 0.6 foot below the
diamond.
The UVnited States engineer office (Smith) in 1872 determined elevation of diamond

379.24 from 13. A. 32, adjusted to precise levels.
A leveler from the same office in 1897 determined the elevation of the horizontal

mark (0.6 foot lower than Lhe diamond) as 378.65, closed line from O)P. 3. M. 42.
Mr. IHatch, of Severntysix, Mo., informed Assistant Engiineer 1lolman that (.Captain

Wilkinson recorded the height of flood crest l)y several temporary parks, and, after
the monument was set, transferred to it, by sighting from the various marks, their
average elevation to the position occupied bWy the diamond.

WITrENBERU0, MO.

Miles below Eads Bridge, 101.8.
Elevation: 373.1.
An approximate elevation obtained by adding, 5.62 feet to the local elevation for

the flood of 1858; 5.62 feet is the differenicec, accordingv to the survey of 1872, between
the flo)(d of 1844 and that of 1858 at Wilkinson, Alo. Jin 1908, a boar(l on examination
and survey of Missisippi River level party (1Hfrman) was informed that the flood
of 1844 was level with the floor of an oldIhous9e' back of the mill and railroad in Wit-
tenberg, Mo. Elevation, 374.43, not accepted.

ABOVE (IRAND TOWERt, 11,1,.

Miles below Eads Bridge, 102.8.
Elevation: 370.9.
The mark was on a red oak tree about one-half mile above Gfrand Tower, Ill., on

left; batnk of river, andI its elevation. was determined by water-level river crossing
neax this point. (United States engineer office, survey 1872, adjusted levels.)

ALDRIDGE, ILL.

Miles belowv Eads Bridge, 109.5.
Elevation: 367.4.
Mark is a knife cut, 2 inches long and about one-quarter inch deep, cut ilnto log,

and prolonged by pencil mark across the new east casing of door on south siide of log
house belonging to Willis Cauble. The house, occupied in Alarch, 1908, by W. 1..
JLyerly (authority for tho mark) is situated 320 meters east of Illinois cntral ; ail-
road and about 740 meters soutbeastwardly from Aldridge. The original mark was
cut in the old east casing of the door amid when the casing was replaced by a new one
the mark was transferred to the abutting log. Elevation, 367.35 (Board on Examnina-
tion and Survey of Mississippi River, 1908, Hlarman).

POH LANDING, MO.

Miles below Eads Bridge, 123.3.
Elevation: 357.9.
"4Level of freshet 1844 at Mrs. Poe's house Mo. side" about 3 miles below Bain-

bridge, Mo. (Bowman,)post-office) and 0.42 mile below the present Poe Latnding.
(United States engineer office, survey 1872, adjuste-d levels.) The blank where tho
house stood has caved into the river since the survey of 1872.
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CAPE (;IIAHIi)EAlr, MO.

Miles blc1w' Eads Bri(lge, 13t0.8.
Elevaltion: 354A.4
The (lirectrix of the ctyi.ty na level plane I)mssing 50 feet below the height of the

Mississi)p)i tivert on the 4 I of Juily, 18414t.
'I'hohi' -wterlmark of 1814, J1ulyi 4, is onl river Hid(e of James Carroll's brick b)uild(-

ing on the norbenast, corner of I n(le)endence1 an(d Acquaisi (nowv W\atner) streets.
Elevation, 3Rv.37.---MississippiRier Commuission PreciseLIevels, 1881, Ferguson.

(GRAYS POINT, MO.

Miles 1)10eow Eads Bridge, 136.8.
Elevation: 3,52. t.
1. W. 1. of Juily 4, 18441, Gtrays Point, MNo. Elevation, 352.11. (Mississippi River

Commission lPrecise Levels, 1881 .)
United States engineer oll1Ce survey of 1878 describedd the nmark as nail drivenn in

chinquapin tree, ne0ar Cap)tain Gray's garden; the elevation of this nail was transferred
by that survey to a line cut on river face of rock about 115 feet northeast of old river
gauge.

B1VELWCYOMMN1NERtCE, MO.

Miles below Eads B1ridge, 144.3.
Elevation: 339.6.
United States engineer office level notes of 1872 read: "'Freshet of 18414, station

6559-995." This is about 0.6; mile below Commerce, Mo. (adjusted levels).

I

BELOW PRICE LANI)IN(I, MO. -

Miles below Eads Bridge, 153.8.
Elevation: 335.6.
United States engineer office level notes of 1872 read: " High water of 1844, station

7074-+50." Location is about 0.4 mile below Price Landing, Mo. (Adjusted levels.)

THOMPSON LANIDING, MO.

Miles below ?Eads B3ridge, 163.7.
Elevation: 331.5.
An ap)proximiatc elevation derived from an assume(l uniform slope line for the flood

crest of 1844 between Price l~aiidiag, Mo., and Columbus, Ky. The elevation of flood
of 11883 at, this locality was also ablut 331 .5; elevation derived from gauge records and
a comparison of flood slopes of 1897 and of 1883.

CAIRO, ILL.

Miles below Eads Bridge, 180.5.
Elevation: 324.6.
An approximate elevation of flood crest of 1.844, derived from a uniform slope line

from Price Landing, Mo., to Columbus, Ky.
Highest known water at Cairo is that of V'ebruary, 1883; elevation, 329;9 feet.

COLUMBUS, KY.

Miles below Eads Bridge, 202.1.
Elevation: 315.7.
According to Ilumphreys and Abbot Report, page 171, the flood of 1844 at Columbus

unas 0.9 fot below flood of 1858; elevation, 316.62. (See. records of Miississippi River
Corrision , D)ischarge Observations, 1838 to 1894.)

Highest known water at Columbus is that of F"ebruary, 1883;elevations,g319.3 feet.
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RElP()r'T OF' THlE 13OAR) OF ENGINEERS FOR UIVEES AND) ifAPR OIPS.

WASITEINRTON, D1. (C., PJne 3, 1909.
Sint: 1. IIaving revieWed( tlhe accornpanrYinr1f report nd(l its several

appen(lixes on th -subject of a 14-foot (lihnn()l from St. Louis to the
mouthll of the AMississipli Rfiver, the Board of E'ngrineers for Rivers and
HTarbors has the honor to Sut1l)it its iroi) t tlhereon.

2. As authorized l)y the river and harbor act approved Mfarch 2
1907, the Secretary of Var appointed a hoard of five members, Whichl
board as providlcd l)y sai(l act is composed of three members of tHe
Mississippi River C(omnmis-ion, one of whom shall be thie president of
suchl commission, anr( of tw-o engineer officers of the LTnited States
Army. As tIl president is by law an engineer officer, timl resultilng
c~OII~l)ositioil of tdea boar(l is three engineer officers of the uJnitedl Sta1teS
Army and! two civilian nlemb)ers of the Mfissi ppi River Commissin.

3. The board was required, by the provisions of the act, to exa.Imlline
the Mfississippi River )elow'St. Louis and report to (Conress ulj)of
the practicability an(d desirability of constructing and mnaintailling
a navigable channel 14 feet (heep and of stlitalule width fromnSt.
Louiis to the mouth of the river, either by tl-e improvement of said!
river or by a canal or canals for part of said route; to cover thle
probable cost of such improvement, the probable cost of maintenance,
andi the )resent and! prospective commerce of sai(l wahterway, botll
local anedgenrale , 1pstremn as well as downstream; to report whlethfer
other p)lafls of improvement cian be dleVis'd by which the plrobal)le
demands of traffic, present and prospective, can l)e adequately met,
and to also rer)ort upon six qulestions andi sul)jects set forth in detail
in the act. -The bo,9ard was also directedd t-o consider in c.onnIlection
with time examination provided for, ' SUthesurvey of at proposed water-
way from ( hicago to St. Louis, heretofore reported." See 1-I. Doe.
No. 263, Fifty-ninth C(ongress, first session.

4. Its report, having been submitted by the board to the Chief of
Engineers, has been referred for examination and review to the
Board of Engineers for Rivers and Harbors, organized! un(ler the
river and harl)or act approved June 13, 1902, in Nhrther compliance
with the act of AMarclh 2, 1907.

5. Seven methods of obtaining and maintaining the 1 4-foot channel
have been considered; in no case does the estiml'atet of cost include
interest or sinking-fund charges. For cost of 14-foot waterway
from (,hicago to the mouth of the NMississippi River all estimates of
cost given l)elow should, be increased by $30,097,462, and of annual
maintenance by $310,000, as estimated fn (connection with the survey
from Chicago to St. Louis just referred to.

First. Dredging.-Bottolm width of channel, 500 feet. rime re(luired forassemibling
plant, not less than ten years, though with existing p)lanlt, and as nIewI)lalt begins Io
bP Ut in operation, a t4-foot channel could b)e expecte(1 in possibly five years, ijiter-
rupted only for limlmleed periods luring extreme low stages.
Cost of (rtedges.................................................. $1 S, 0(0(0 000
Annual cost of operation and mainteniance of plant...................... 4, 100, 000

Second. Regularization.-A channel 500 feet w.'ide exted(ling froill St. I on1is' to
Cairo only. Timnq requireol for coilipletion, fiff ecn years. but, withI (re(lging to aid
the partly completed regulation. works a navigable channel inay lbe aVailablo in about.
seven years from the start of Iactive work.
Coat, including maintenance during construction.. $53, 216), 480
Annual cost of maintenance after completion.......................... 0. 0,000

to52 'at

9.869604064

Table: [No Caption]


Table: [No Caption]


460406968.9



526 xvATrEW1tAY, ST. LOUIS 'I'O THl{E GULF AND) CHICAGO.

Third. (Janaliz(lation vdth nioable dans.-lBetween St. Loulis wnd Cairo only. Teu
locks, each 600 by 8()feet in the clear; lifts varying from 5.2 to 15 feet, and averaging
9.87 feet.
Cost........................... $25,000,000
Annual cost ofmaintenance..400,000

Fourth. COaialization (lf(l /iY.ddains.-Between St. 1Louis and Cairoonly. 13ut o01e
locality was found where ratil.factory foundations for masonry (1limlexist except at
depths so great as to J)reclhd(1 eVco(nolmic construction. Anl effective darn at this
localty would cause, to 1)ofloo(led 30 towns and villages}over 240,000 acres of farming
land, anmd over 220 milesof railroad. No project nor estimate for such a dam has been
aubhiitted.

Fifth. Lateral canals.-From the terminus of the proposed Alton-St. Louis canal to
Cairo only. Projects not worked outini detail, costs laving been considered excessive.
Cost if constructed on the Illinoisside..$102, 000, 0"0
Annual cost of maintenance......................600, OCO
Coot if constructed on Illinois side, except a short section Mnissouri

side............................................ .........O......O7;,o,(C00
Cost of combined canal and river route.............................. 36,000,000
Annual cost of maintenance.......................................... 450, OCO

Sixth. RJeservoirs.-To hold the water at St. Loui's at a stage corresponding, to a

controlling depth of 14 feet thence to Cairo, would require about ten times as mnuch
annual st(o)nre as his yet been found possible by construction of reservoirs in the
MlississippViierBasin from the Illinois River upward.
Seventh. Combination of methods.-To completothe existing projectfor 8 feet depth

between St. Louis and Cairo, secure the additional 6 feet by (Iredoilng; and below
Cairo, to dredge as estimatedl above, but to also provide for permanltence of bank fi1is
and channels. The '14-foot channel, lnot pernlanelt in location, and dependent upon
continued dredging, might, subject to occasional interrul)tions at extreno low stages,
be expected in possibly five years. With adequate appropriations the estimate of
time of completion of improvement by combined dredging and fixation of banks and
channels is stated as approximately eighteen years.

COST.

Completing 8-foot l)roject between St. Louis and Cairo......... $21, 000,00
Dredging plant for use above Cairo..3,600,000
Contraction work belowCairo. I 6,000,000
Bank-protection work below Cairo.. 90,000,000
Dredging plant for use below Cairo.......................... .. 9,000,000

Total. 128,600,000
Total annual cost of maintenance; after channels and banks have
been made permanent in location, will reach approximately... 6,600,000

6. All the methods considered for securing a 14-foot channel fromt
St. Louis to the mouth of the Mississippi River, except that of reser-

voirs, are thought to be practicable; either singly, as that of dre(dging
combinedI, as those of complete regularization, cnlnali,kation, or lateral
canals above Cairo, with partial regularization anld dre(dging below; or

the combination of regularization and (relgifg, both above and below,
which for brevity will be termed the combined method. All proposi-
tions requiring the abandonment of the already good open-river navi-
gation, or the substitution of a lateral canal, for any part of the river

below Cairo, are rejecte(l as Qpposedi to all reason. But all practicable
methods, save bydredgingalone, and the combined method are rejected
for the reason, among others, that should increased depth be deter-
mined upon in the future, the canal structures and the cross sills of
complete regularization work would have to be modified under great
difficulties and at great cost.

7. The Board concludes that the most practicable method of
obtaining and maintaining the 14-foot channel above Cairo is by
completing the project n1ow in force for securing an 8-foot channel
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by regularization an(I relying 1upo1n (Idr(eging to secure and maintain
any further increase; below Caliro, by (Idredging, baink protection,
atndl, at certain localities, contraction works.

8. Thiet comblinedil method of obtlainuiln a 14-foot channel at an
initial cost of $128,600,000 is cofl-i(lrerc( more practicable by the
Boair(1 than tile methlo(l of dredging alone, with an initial cost of
but $15,000,000, for reasons substantially as follows: rThe one pro-
Vi(des a complete, improvement; the other but partial. T[he comr-
bined method looks to a channel permanently located in the river
bed; the method by (Iredging, to one changing its position in that
bed from season to season. The combined method contem.plates not
only permanence of depth of channels, but also permanence of
location of channels, levees, wharves, an(d landing places; the method
by dre(lging, only permanence of depth of channels. f he combined
method will provide for both through and local traffic; the method
by dredging, with certainty for through traffic only. 1The combined
method incidently furthers the welfare of the community b)or(derifnl
the river an(l afforcls protection to life and property; tile methodl
by dredging is indifferent to all these, including the destrUction of
local terminal facilities.

9. Commerce, past, present, and prospective, has been considered.
As to this, reference may be madee not only to the Board's report
but to pages 154-159 of the preliminary report of the Inland Water-
Ways Commission, published as S. Doc. 'No. 325, Sixtieth Congress,
first session.

10. During the caleIndar year 19008 about 1,300,000 tons of coal
came out of the Ohio River; of this about 180,000 tons went lip the
Mississippi River to St. Louis. Other than this, the amount of
water freight during the year at all river points between St. Louis
and New Orleans was about 400,000 tons downstream andl 300,000
ong upstream. This river commerce has been rapidly (diminishing
in recent years. The entire commerce of the Mississippi River
system, including all tributaries except the Ohio, was reported as
follows:
Year................................................ 1889. 1906.
Tonnage .... ................ 12,492,535 4,304,288
So far as reported, the river commerce of 19908 shows a slight

decrease compared with that of 1906, except as to a few of the minor
tributaries.
The total river tonnage at St. Louis was:

Year. 1886. 1896, 1906. 1908.
Tonnage ..................... 1, 332, 885 1, 244, 175 416,855 365,920
The total receipts and shipments by rail at St. Louis were:

Year................................................ 1896. 1906.
Tonnage.......... 16,163,844 44,964,623
Of the 1906 river tonnage, 160,120 tons were coal from the Ohio.
11. Of the 1908 river tonnage, as before stated, about 180,000

tons, or one-half the total, were coal from the Ohio, and. not over
49,530 tons were with towns on the Mississippi below Cairo.

12. In 1880 there were shipped from St. Louis to New Orleans
15,762 664 bushels of grain; in each of the years 1901, 1902, and
1903 the shipments of rain were less than 3,000,000 bushels. The
1880 shipment is the largest annual shipment reported., It was
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flldl(lClll ith y lar ill ii'I.Iai.lim1imium de)tll ol 4 feet was reported
as I1ot uncommIl1oinly foulinl the chaneil between St. Louis an(d
Cairo. Ii.1908 it waS otlicially reported that a channel (Icptlh of
8 feet ha(l been miiitahiue! during the, entire. season when unob-
structed bV ice, cC(,xc)t ill November, 1907, w\hlien for short peIlriods
at severalnlhIC ted)eptlhs werla 7 feet uiltil dredlges coul(I be )1OUg(ht
into actioll u1ll)0 these, Shoals, wh1eni the r(equiredl depth was (juickly
ol)tlillC(I.

13. Ill 1890), 611,779 barrels of flour were received at St. Louis
by river; in 1906, but 29,160 barrels. In 1880, 17,500,000 bushels
of gralin11 'WMlwere'eeived at New Orleans, of which 1 5,700,000 were
shi)p)e(l fromn St. Louis lby river; in 1903, 28,1 00,000 were received
at New Orleans, of which 2,700,000 were shipped from St. Louis

bVriver.
1 4. The (lelinfe il thle commerce of tile Liver has not arisen from

its lack of navigability. Thle Board states that the immense com-
niller of the Rhine could b)e carrie( iore rea(.lily and cheaply OIl

tile Mississi)ppi to-day than on thle Rhine. It is state(1 in the reportof the Inland Waterways Commission that 600-ton ba ges draw\Iing
151 inches light, and 6 feet w^1hen loaded to full capacity, areInow
common onl the best waterways of Gerlmlany; 11Ind that express
steamers are operated oIn the EII)e and IthinewRhich, when carrying
200 toIns of freight aI)dl a supply of coal, (draw 4 feet 11 inheles, and
With two barges, carrying 275 tonseaSich, in tow their sJ)eCel is reduced
from 10 to 3 knots; yet the vessels are said to representperhlaps the
most perfect type yet desvelopedl for waterways of Germany.

15. As to future commerce, after setting: forth and discussing in
more or less retaill the claim ns made by Va'IOUs communities, the
Board states that no actual future dlevelopnlent is yet in sight. . It
invitesattention totlle fact that, aslat)resent constructed, neither
ocean nor lake vessels are as econoinic a means of transportation on
rivers and canals as tiver bargo tows, tihe cost of an ocean vessel
beingabout $71 for each ton of freight carried, of a lake vessel about
$41.50, anild of a river boat and barges for 8-.1 feet draft about $12;
an(d furtlhel, that a modern lake freighter while affording a mlosteconomical methodof transporting freight on the Great Lakeswould
be a failure if employed in either ocean or river navigation. The
board c.oncludles that a 14-foot WatewNay is suitable for neither
existing lake norocean vessels, and that freight oliginating onlake
or gulf will require transshipment to vessels adapted to its navigation.

16). While, as above in(licated, the board reports that a 14-foot
channel from St. Louis to themiouth of the river is practicable, it is
oftheoapinion, for reasons givun at length, that the present(lemailds
of traffic are adequatelymet by the existing projects for improving
the river, which have for theirobjects toobtain and tomaintain a
mininium,depth at standard low water of 8 feetfr(om. St. Louis to
the mouth of the Ohio, an(d of not less than 9 feet below- an(1 thatprol)able(lenan(ls oftraffic, present and prospective, not oiny.between
St. Louis and -the mouth, but even between Chicago and the mouth,
--can be adecpxIatelym-et by a channelof9fjeet(epth.17.'1he 1)oarld reports as to the specific instnrctions contained in
the act ofAl arch 2, 1907, as follows:

Firt. It is practicable to produce a channel of at least 10 feet
depth between St. Louis and Cairo at low waterbymeamisbf regula-
tion works.
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Second. A depth of at least 14 feet will obtain i suleh regulate(d

channel, at the average stage of water for the year, 12.6 feet oin the
St. Loulis (rgalge.

Thir(l. Fourteen feet dlepth. of water wvil obtain in such regullate(d
channel for at least an average of one hlutndred and( sixty-three (lays
annually.

Fourth. At low-water stages, all increase of depth of not more than
6 inches will be obtained l)y an a(l(ld(d volume of 10,000 cubic, feet
per secon(l, nor more than 8 inches l)y 14,)00 cubic feet per second
between St. Louis an(l Cairo, while, at high-water stages tile increase
of depth will be less. Below Cairo this increase, in depth will be much
reduced for lowv-water stages and(I inappreciable at high-water stages.

Fifth. It will not be 1)racticable to pro(luce at ill seasons of the
year a dep)th of 14 feet in such regulate(l channel by the ai(l of locks
and dams similar to those p)rojecte(l and in use on the Ohio River
improvement without extensive nntural dIredging. The cost of this
dre(lging is inclu(ldcc in the cost of annual maintenance of this system
of improvement between St.. Louis an(l Cairo, the third consi(lere(l,
an(l is estimated at about $200,000 annually.

Sixth. The Board submits no project which creates water power,
or which will (train anv lands on the })ortion of the river directed to be
surveye(l, hence no power is to he conserved, or J!ai(l for, nor are there
lands drained which should bear any cost of improvement. As to
the water power on the prol)osed waterway from -St. Louis to Chicago
heretofore surveyed, the value thereof, and lands which may be
(Irained by it, the Board. considers that the property owners along the
canal and Illinois River are equitably entitled to the water power (uile
to the natural flow alone of the Des Plaines and Illinois rivers; any
power which results from an added flow diverted from Lake Michiganbelongs to the people of the United States and Canada; 100,000
horsepower can be (levelopedl by the (diversion of 10,000 cubic feet
per second by modlifications in the project of the former board in har-
mony with its report; accepting the valuation in(lorse(l by the Sani-
tary District of Chicago, the llinois State Internal Improvement
Association, and the governor of Illinois, this horsepower should be
assumed as worth $2,500,000 per year; the, diversion of 10,000 cubic
feet per second into the Illinois River, far from draining lands, would
cause extensive damage to lands subject to overflow.

18. As to the Government receiving adequate compensation for
such. power, the Board favors opening the canal of the Sanitary Dis-
trict of Chicago to free navigation, and so maintaining it; the District
to enjoy free use of the power until the aggregate value of said power
shall equal the, cost of canal and power construction; and after this,
the United States to receive from the beneficiaries a percentage, to
be fixed by Congress, of the net profits from the water lpowe', as at
compensation for the resulting injury to navigation on the Great,
Lakes and connecting waters and loss of water power on the Niagara
and St. Lawrence rivers.

19. The Board calls attention to a plan proposed in 1907 by the
Internal Imiroveinent Association of Illinois, ln(lorsed by the' gov-
ernor and the people of the State, proposing a (levelopinent of 173,000
horsepower by diversion of 14,000 cul)ic feet per second from fLake
Michigan. This plan calls for radical changes in the plan of the Board
of 1905, reduces the number of locks from 39 to 5, and increases many

HI. Doc. 50, 61-1--34 *
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times the amount of excavation. The opinion is expressed that any
attempt by the United States to conserve thee power created un(ler
these, plans, if carried out, would involve the General Government in'
serious legal clifliculties.

20. The Board of Engineers for Rivers and Harbors now concludes
this examination and review of the report before it, with the following
opinions andi recolmmendations:

21. It is practicable to construct and maintain a navigable channel
14 feet deep andi of suitable width from St. Louis to the mouth of the
Mississippi River by either of six methods considered; but is not by
the remaining method-that of reservoirs. Of the six practicable
methods, the most J)racticablle, having in mind through and local
traffic, permanence -of location of improved channel, protection of
landings, life, and rolperty, the general. welfare of the, community,
and possible' future (levclopmn;lent, is the methodl termed the combined
method. Of this, the estimated first cost is $128,600,000.

The, annual cost of operation and maintenance will increase as work
progresses, and may reach at completion $6,500,000.TrlIeR4 estimate-s (10 not inclidle charges for interest and for sinking
fund, nor the estimated cost of thle, waterway from Chicago to St.
Louis, lwhielh is $30,097,462, with annual cost of maintenance of
$31.0,000.

22. It is not desirable to construct a navigable channel 14 feet deep
from St. Louis to the mouth of the Mississip )i River or from Chicago
to tile mouth of the Mississippi River. Suchi a depth is greater than
required for successful river navigation and is less than required for
economical lake or ocean navigation, and if adopted would require for
commllIon ulse Oin lake, river, and gulf a type, of vessel not now In exist-
ence and which if designed would be less economical than modern
lake or ocean vessels, in use oil those waters, or than a towboat and
barge navigation on the connecting waterway.

23. Present demands of commerce between St. Louis and the mouth
of the Mississippi River are adequately met by existing projects having
for their object to obtain and maintain an 8-foot channel from
St. Louis to the, mouth of the Ohio and a channel of not less than
9 feet in depth below the mouth of the Ohio. In reporting on the
waterway from Lockport Ill., to St. Louis, Mo., this Board stated
"It * * * l)elieves t at the commercial interests of the Great
Lakes are entitled to an outlet to the Gulf of Mexico of as great a
capacity as can be obtained at reasonable cost. This capacity is now
liritedl by the projected depth between St. Louis and Cairo--that is,
8 feet-a depth that Rewill not only suffice for a large amount of through
commerce, but will be sufficient to materially benefit and consequently
aidi ill the development of tBll Illinois Valley." (H. Doc. No. 437,
Fifty-ninth Congress, second i:,,ssion.) The Board believes that an
8-foot channel from Chicago to St. Louis, corresponding to the present
8-foot project from St. Louis to Cairo, is the least that would ade-
(quately meet the demands of commerce, and believes such a waterway
would be desirable, provided its cost is reasonable. This cost is not
now known, but wilf be obtaimmed and submitted before the next ses-
sion of Congress.

24. Present and-prozlpective. demands of commerce between Chicago
an(1 the Gulf will be adequately served by a through channel 9 feet in
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depth, which may be obtained without violent changes of existing
methods of improvement. Estimates of such a throughchannel have
not been prepared and can not be submitted at this time. They wvill,
however, be obtained and submitted to tho department before the
next session of Congress convenes, accompanied by an opinion as to
whether' this depth is advisable in the interests of commerce, having
in mind the cost involved.

25. The report as to the first four of the specific instructions con-
tained in the act of March 2, 1907, is concurred in. As to the fifth,
it is believed to be practicable to maintain at depth of 14 feet in theregulated channel, except when interrul)te( 1)y ice, by the aid of locks
an dalams similar to those in use on the Ohio River improvement, bt
this will require wickets 1 foot 8 inches longer than those used on
the Ohio River, and are therefore larger than any that have hereto-
fore been built for river canalization. The difficulties encountered in
handling the wickets (alreacly great) increase raiclly writhl the increase
in height. Dredging will be required, possibly to the extent of
$200,000 annually. In view of these facts, thiis Board is of theoopinion that the estimates submitted for this system of imlnrovement
may be insufficient.

26. As to the sixth, including the views expressed as to cooperation
by the General Government in the plan of the Internal nimplovenient,
Association ofIllinois, referred to inparagrap)l 19 above, the report
is concurred in, except as to theGwAnership by the peol)le of the United.
States and CanaIda, of the power resulting from water diverted from
Lake TMichlgall, and except also, premising such ownership, as to thle
01och at which co111Pensation should be received by the Government
of the United States. These two points are consi(ere(d below.

27. Apart from the plant for its conversion and transmission, water
power depends for its value upon thlequantityof wateranad the height
made effective by structures through which it falls. The three possi-
ble classes of cases are (a) United States owns water only; (b) United
States owns structui'es only; (c) United States owns both water an(l
structures. Should it be determined that the United States, other
than as a riparian owner, has no ownershiP of water, there still remains
to be determined whether the United States,whlen acquiring lands
upon which to erect locks anddanms as means toimprove nlavigationl,
does not acquire such complete title to these lands as to make the
United States a riparian owner with right tocharge for Waterpower
created by its damns. But inthiscase, asth creation of water power
is not essential to Government functions,blow far y thleIlse of thle
power created be regulatedOI' controlled bythoe owners of the waters
so far as such regulation or control does not interfere with navigation?
Whether the United States, Without riparian rights, owns any aratel's
or has simply aneasementgiving it a right to improve channels and
conserve the water flowing there for purposes ofnavigation and to
use them for power so far as necessary to operate structures necessary
-to such improvement is a subject for judicial determination. Should
it be determined that theIJnited States owns anyw\raters usedill the
development of waterpower, any Governmient chargenladle for such
useshould commence with such us(,,,nreld should not be deferred until
the cost ofplant by which such use is made possiblehas been collected
from consumers of thepower. Compensation, if foundclue, should
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be fixed by Congress. It should be uniform in the three possible
classes of cases.

28. Trjese questions seemproper for dleternination before rates for
compensation. to the United States for water pow'velr can be fixed.
Geneeral rules, principles, ornlaws to enable decision to be Illade as to
status of eaich particular case as it arises nre mostt (leshiable.

For thoe Board:
Very respectfully, 1). W. Lociiwooi),

Colonel, Corps of Engineers,
Senior Member of the Board.

The CImIF OF ENGINEERS, 11. S. ARmY.
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