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Office of the Chief of Engineers,

United States Army,
Washington, D. C, March 25, 1884.

Sir : I have the honor to submit herewith a report, with accompanying

sub-rejiort, tables, and plates, received from Maj. A. Mackenzie, Corps of

Engineers, giving the final results of a series of observations taken with

current-meters in the Mississippi River, near Burlington, Iowa, during the

month of October, 1879, at the suggestion of a Board of Engineer officers

constituted in 1878, to take into consideration the improvement of the

low-water navigation of the Mississippi and Missouri rivers, together with

a report thereon from Lieut. Col. H. L. Abbot, Corps of Engineers, to

whom they were referred for remarks.

Lieutenant-Colonel Abbot confirms my appreciation of the merits of

these observations and of the value of their results to officers of the Corps

of Engineers and others engaged in the practice of gauging rivers. I

would therefore beg leave to request that authority be granted to have

the report with its illustrations printed at the Government Printing Office

for the use of the Corps, and that five hundred copies be furnished this

office for distribution upon the usual requisition.

Very respectfully, your obedient servant,

John Newton,

Chief of Engineers, Brig, and Bvt. Maj. Gen.

Hon. Egbert T. Lincoln,

Secretary of War.

[First indorsement.]

Ajjproved

:

By order of the Secretary of War

:

John Tweedale,

Chief Cleric.

War Department,
March 27, 1884.

Willet's Point, N. Y., March 8, 1884.

General, : I have carefully read the final report of Major Mackenzie

and accompanying documents forwarded to me for report by your letter

of 25th ultimo.

This report covers the most exact set of measurements which has come

to my knowledge, undertaken to investigate the changes of velocity in a



vertical plane from surface to bottom in water flowing in a natural chan-

nel. The plan of simultaneous measurements at diiferent depths by electri-

cal meters is a decided advance over any of the older methods, and is novel

and of much scientific interest.

The work was admirably planned and conducted, and, in my judgment,

should be made public for the use of officers and others engaged in the

practical gauging of rivers.

I regard the publication of the plates as important to a full appreciation

of the results, and their value would fully warrant the expense of their

reproduction by photolithography. The report in full cannot but be

creditable to the Corps, and is sure to excite the interest of any student of

the flow of water in natural channels. The only part which can be omitted

without injury is the record (two sheets) illustrating the working of the

chronograph. These are not essential.

Very respectfully, your obedient servant,

Heney L, Abbot,

Lieut. Col. of Engrs., Bvt. Brig. Gen'l.

The Chief of Engineers, U. S. A.



REPORT

CURRENT-METER OBSERVATIONS NEAR BURLING-
TON, IOWA.

REPORT.

United States Engineer Office,

Rock Island, 111., February 11, 1884.

General : I have the honor to transmit herewith tables and plates

giving the results of a series of observations taken with current-meters in

the Mississippi River, near Burlington, Iowa, during the month of Octo-

ber, 1879. These plates are accompanied by an explanatory report by

Assistant Engineer G. A. Marr, under whose direction the observations

were made.

Instructions from the Chief of Engineers, dated August 30, 1878, as-

•signed to Maj. F. U. Farquhar, Corps of Engineers, the surveys and

examinations of the Mississippi River at some point above the mouth of

the Illinois River, desired by the Board of Officers, constituted by Special

Orders No. 71, Series of 1878, Headquarters Corps of Engineers, to take

into consideration the improvement of the low-w^ater navigation of the

Mississippi and Missouri rivers.

The work desired by this Board was a detailed transit survey of a con-

siderable stretch of the river, with line of levels to determine the river

slope at various points and various stages,—determinations of the cross-

section at various stages, the object being to ascertain all facts connected

with the motion and dimensions of sand waves,—discharge and sediment

observations, and borings on the banks and in the bed of the river.

A portion of the Mississippi River between Burlington and Montrose,

42 miles in length, was selected for survey, and the immediate vicinity of

Burlington was chosen for special study. The survey and examina-

tions were commenced in September, 1878, and completed in October,

1879. A report on this survey, with plates and maps, was submitted in

July, 1880, and the report and a portion of the plates are printed in the

Heport of the Chief of Engineers for the year 1880, part 2, page 1526.



While the above-mentioned survey was being made, with the sanction

of the Chief of Engineers, a series of observations with current-meters and

a specially-constructed chronograph was undertaken. This work was in-

augurated by Maj. F. U. Farquhar, Corps of Engineers, and carried on

under his general direction until June, 1879, at which date he was relieved

from duty in connection with the improvement of the Mississippi River.

Capt. B. D. Greene, Corps of Engineers, was in charge of the iield ob-

servations during a portion of the time, and had general supervision of the

work until June 1, 1880, at which date he was transferred to Detroit for

duty. Assistant Engineer G. A. Marr, who submits the final report, was

in immediate charge of the field-work, and has prepared the tables and

plates showing the results.

The apparatus used in connection with ihe&e observations requiring par-

ticular mention was a chronograph and seven current-meters. The chrono-

graph was specially constructed for the work by T. S. & J. D. Negus, of

New York ; it was provided with eight independent pens, permitting a

continuous simultaneous record of six meters and the connecting of the

two outside pens in one circuit for a time record. The six meters used

in determining relative velocity were of the telegraphic pattern, and were

made by Buff & Berger, of Boston. These meters are similar to the one

used by General Ellis in his gauging of the Connecticut River, and are

described by him on page 308, Report of the Chief of Engineers for

1878, part 1. A similar meter is also shown in Plate IV, page 1-36,

Buff & Berger catalogue for 1883; those used bore the makers' numbers

21, 18, 19, 20, 11, 7, which numbers correspond respectively to the num-
bers 2, 3, 4, 5, 6, 7, used for the meters in tliis report and the accompany-

ing tables and plates. The new numbers painted on meters and boxes

were used to make the number of each meter agree with the correspond-

ing pen of the chronograph. A propeller meter, procured from the engi-

neer depot at Willet's Point, through the courtesy of General H. L. Abbot,

was occasionally used. This meter was very simple and sensitive and

gave excellent results.

The observations for determining the meter coefficients were made dur-

ing the month of October, 1879, in Prairie Slough, an arm of the Missis-

sippi River, near Burlington, Iowa. This slough has a uniform bed, and

was virtually devoid of current during the time of observation.

The methods employed are fully described in the report of Mr. Marr,

and the results are given in Table No. 1.

The observations for current velocity were made during the month of

October, 1879, at the various points shown on the accompanying map of

the Mississippi River in the vicinity of Burlington. The points were so

selected as to give as great a variety of conditions as practicable. The six

meters were used simultaneously at varying depths for determining the



velocity of the current, and were frequently used on a horizontal frame

for purposes of comparison. Observations furnishing a comparison of

velocity as determined by meters and by floats were also made.

The meters, when in use for determining the velocity of the current,

were held in position at their various depths by a wire rope suspended

from a derrick, projecting about 20 feet in front of the bow of a quarter-

boat, with a long rake, and drawing about 20 inches. The foot of the

wire rope was held in position by a mushroom anchor weighing 150

pounds. The meters were allowed free motion in all directions, and were

supposed to head directly in the current.

For the purpose of recording the revolutions of the meters, each was

connected independently with one of the pens of the chronograph, the two

outside pens being connected with a break-circuit chronometer, marking

intervals of one second. The speed of the chronograph was such as to

make the second intervals on the record about one-fourth of an inch.

Portions of the records of the chronograph are shown on Sheets 1 and 2.

Great care was taken in the field observations, the reductions, and the

preparation of the tables and plates. The results given are an accurate

representation so far as the section of the river operated in is concerned.

And as the methods and conditions under which the observations were

taken and reduced are given, any one can determine for himself to what

extent general conclusions can be drawn.

As all these special observations were made in connection with other

work, no opportunity was afforded for working up the notes at the time

they were taken, and during the reduction of the observations many new
points have appeared which might have been investigated to advantage

had they presented themselves while field-work was going on. Some of

these points are referred to in the report of Mr. Marr.

The section of the Mississippi River in the vicinity of Burlington was

a favorable one for some of the investigations ordered by the Board of

Engineers, but from the exc.essive width and resulting shoalness of the

section, and comparative irregularity of the bottom and channel, the point

was not as favorable as some others discovered later, for the special obser-

vations with current-meters.

While the results presented contain much that is of interest in connec-

tion with the use of current-meters or other appliances for gauging pur-

poses on the Mississippi River or similar streams, much more extended

and valuable results could be obtained by the use of twelve meters, giving

a greater number of points in the vertical curve and especially points nearer

the surface and bottom,—by the addition of six pens to the chronograph,

which the record will permit,—and by the selection of a point for observa-

tion where a more regular channel and greater depth could be secured.



The methods used, both for the field observations and subsequent re-

ductions, are so fully given in Mr. Marr's report that but a brief sum-

mary of operations is here necessary.

In connection with the work for determining the meter co-efficients, a

plotting of the velocity and revolutions of the meter indicated that within

the limit of speeds used, (0.4 ft. to 6.3 ft. per second,) the relation is shown

by a right line, and in determining the co-efficients the equation of a right

line referred to rectangular co-ordinates was used. (See Table 1 and Plates

I, II, III, and ly.)

For determining the velocity at various points in a vertical plane the

meters were set and connected with the chronograph as previously described.

The meters were allowed to run for from eleven to thirty-two minutes for

each set of observations. This gave a continuous record of time and revolu-

tions or parts of revolutions on the chronograph sheet. From this sheet

records for each minute were taken for each meter, and the number of

revolutions was converted into velocity in feet per second. The results

for each set of observations were entered in tables and also plotted on cross-

section paper, giving a vertical velocity curve for each minute of observa-

tion. From these minute curves a mean vertical velocity curve was con-

structed for each set of observations. The object of these observations

being mainly to determine the relation of mean to mid-depth velocity, and

it not being necessary in this connection to assign any special form or estab-

lish an equation for the mean vertical velocity curves, no attempt has been

made to do so. To determine the relation above referred to, a graphic

method was used. The velocities as given by the curves were taken ofi

for each 0.4 of a foot in depth and formed into a table from which was

obtained the mean velocity in the vertical plane. The mid-depth velocity

was also taken graphically from the curve. These results are given in

each case on the corresponding mean vertical velocity curve plate. In order

to obtain a further comparison of the results, the formula of Humphreys

& Abbot was applied to the mid-depth velocities. The comparisons of

mean and mid-depth velocities are combined in Table 29. The co-efficient

obtained from these observations for converting mid- depth into mean

velocity is 0.958.

Very respectfully, your obedient servant,

A. Mackenzie,

Major of Engineers.

The Chief of Engineers, United States Army.



ilefout of mb. g. a. maer, assistant engiaeeb.

United States Engineer Office,

Rock Island, III., July 2, 1883.

Major : I have the honor to submit the following report on certain

current-meter observations taken in the Mississippi River, near Burling-

ton, Iowa.

These observations for current velocity were all taken in October, 1879,

and a progress report giving a description of the field operations was sub-

mitted to you November 10, 1879, but as the observations could not be

worked up in the field, and as many other duties have occupied my time

since the field-work was completed, the reductions of the notes and prep-

aration of tables and plates have been delayed till the present time. I

have incorporated in this report the notes previously submitted.

The report is accompanied by a sketch showing the points at which ob-

servations were taken and giving the characteristics of the section of the

river operated on, and by thirty-one tables and forty-one plates illustrat-

ing the plotted results of the observations taken, and by two sheets giving

•specimens of the record of the chronograph.

During the progress of the special surveys and examinations ordered

by the Board of Engineers on the low-water navigation of the Mississippi

and Missouri rivers, and executed principally under the direction of Bvt.

Lieut. Col. F. IT. Farqubar, Major of Engineers, it was decided to under-

take, in addition to the work ordered by the Board, a more thorough sys-

tem of observations with current-meters than had, ujj to that time, been

realized. On account of the great fluctuations in velocity, not only from

the surface downward, but also in the whole volume of water, it appeared

that a system which would give simultaneous observations at several dis-

tinct points in a vertical plane would give much more reliable and valu-

able information than the use of a single meter at diiferent depths. For

the purpose of carrying out the above system, six of the best make of

Buff & Berger telegraphic current-meters were obtained, and in order to

secure a perfect record of the results a chronograjjh with eight pens was

•designed and made under the direction of Colonel Farquhar by T. S. &
J. D. Negus, of New York. This instrument was very complete and ad-

mirably fulfilled the purposes for which it was constructed. With eight

pens working independently, six could be used for the current-meters,

giving for each meter an independent and complete record of the parts of

revolutions, and the two outside pens could be used for time, being con-

nected with a break-circuit chronometer, and marking intervals of one

second on each edge of the sheet. From this record data could be ob-

tained in any manner desirable, either the number of revolutions and jjarts

of revolutions in a given time, or the time of a single revolution, or a part
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of a revolution. The speed of the chronograph was such as to make the

second intervals on the record about one-fourth of an inch.

Many of the following methods, which were used for field work and for

the reduction of the notes, were suggested by Capt. B. D. Greene, formerly

of the Corps of Engineers, TJnited States Army, who, for a time, was in

charge of the field work.

ADJUSTMENT OF THE BUFF & BERGER METERS.

It was very necessary first of all to look carefully to the adjustment of

the meters.

The wheel should play freely between the supporting arms, and yet

should not be so loose as to endanger the fine platinum points that estab-

lish the electric current through the meter. If the wheel was quite loose

it would invariably bend the platinum points, and a broken circuit would

be the result, not always entirely lost, but toa broken to be of value.

This adjustment could not be made with the large screws contliining the

agates, as unless these screws were set up to the shoulder they would fol-

low up the wheel in its revolution, and soon bind or perhaps lock the

wheel entirely. To remedy this the large screws were set up to the

shoulder after removing the fine screws containing the platinum points.

If this made the wheel too tight or too loose, a small strip of very thin

paper was inserted on either side (the side necessary to make the proper

adjustment) of the set screws that hold the projecting arms to the meter

frame. By this means a very fine and quite permanent set could be made
for the arms, and it was then only necessary to make a careful adjustment

of the screws with the platiuum points. But before adjusting these small

screws, it was carefully observed that the \Vheel had a play in the direc-

tion of its axis of about one-fifth of a millimeter. This in the agate bear-

ings gave free and easy motion.

The adjustment of the wheel being made satisfactorily, the adjustment

of the small screws containing the platinum points was made as follows.

The screw holding the wheel and its frame to the main part of the meter,

was loosened so that the wheel and frame could be revolved so as to be

either side up. The meter was then connected with a battery, and a sound-

ing key put in the circuit. The wheel was placed in a horizontal position

so that its weight would bear on the lower agate. The wheel was then

turned so that the platinum wire spring from the insulated wire would
rest on the silver portion of the axis so as to close the circuit at that point.

The small screw containing the platinum point was then turned up care-

fully until a circuit was established, which was indicated by the sounding

key. At this point, if the screw was turned back a trifle, the circuit

would be broken again, and generally a change of 10°, or even less in
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turning the screw would make and break the circuit. The wheel was then

fnverted, and after turning the screw already adjusted back just 180°, or

half a revolution, so as to be certain to have no current through that point,

the other small screw was adjusted in the same manner as the previous

one. Then the first screw adjusted was turned up the 180°, or half turn

that it had been turned back, and the adjustment was complete. The
great necessity for having a sounding key in the circuit when adjusting

these small screws was, that otherwise the screw might be turned too far,

tiuis causing the platinum point to be bent to one side, and making an im-

perfect contact which would result in a broken and irregular record.

There was also another adjustment to look after in the Buff & Berger

instruments. The platinum wire spring that had one end attached to the

end of the insulated wire, and the other end resting in a groove on the

exterior of the axis, was liable to be disturbed, and if accidentally bent

would either give too light a pressure to make a perfect record, or would

press too heavily, and produce extra friction on the wheel, making it

more dif^cult to revolve, and hence giving a different co-efficient.

To keep the adjustment of the spring as near uniform as possible, and

as light as would give a perfect record, the following plan was adopted.

A very delicate balance was procured, and, by means of a fine thread at-

tached to the wire and the balance, the pressure of the spring was care-

fully weighed. In order to do this it was necessary to have the same con-

nection with a battery and sounding key in circuit as for the other adjust-

ment. The wheel was turned so that the platinum wire rested on the

silver of the axis, which gave a closed circuit. The platinum spring was

then lifted by means of the balance and thread, and the weight noted just

at the point where the circuit would be broken. By this means as light a

pressure as would give a good result could be established. It was gen-

erally found that a pressure of from 1 to 1 J grams was about as light as

the spring could be used and be certain of giving a good result. When
first tested some of the springs were found to exert a pressure of frona 10

to 15 grams.

After these adjustments the Buff & Berger meters would give a good

clear record with the wheel in any position, either horizontal, vertical, or

at any point between.

The propeller meter, made by T. S. & J. D. Negus, and used occasion^

ally in connection with the above meters, never needed any such ad-

justments, as the method of making and breaking the circuit is simple

and the connections are entirely inclosed in a small compartment nearly

water-tight. The instrument was never out of order in that respect during

its entire use in the work.
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METHOD OF DETERMINING METER CO-EFFICIENTS.

The place selected for rating the meters was in " Prairie Slough," just

below Burlington, where at any stage of water less than 5 feet there was

no inlet from above to cause a current, and where there was a depth of

from 7 to 11 feet at a 2-foot stage. This gave practically a still sheet of

water, except such fluctuations as might be caused by strong winds. A
base of 800 feet was carefully measured with standard cherry rods pre-

pared from the Coast Survey standard 5-foot rods in the office. The

points on the base were designated as follows : At the east end " East

Point"; 200 feet from this towards the west was called "^ Point"; at 400

feet, or the center, " Middle Point"; at 600 feet, " | Point," and at the

end of the 800 feet, " West Point."

A telegraph line and battery were established along the base, having

ground connection at each end by large sheets of copper placed in the

water. Three signal keys or sounders were used, being placed at " East

Point," " Middle Point," and " West Point."

Observers were stationed at each of the stations along the line ; those at

the "East Point," "Middle Point," and "West Point" being furnished

with theodolites and those at "J Point" and "f Point" with signal flags.

A second observer at " East Point " was supplied with a chronometer.

Points J and | were provided with boards with slots cut in them and a

string or wire stretched longitudinally along the center of the slot. The

board and its wire were-carefully set in front of and directly opposite each

point, and stakes were set on the opposite side of the slough, these stakes

being located by laying o£F 90° from the base with a theodolite.

A line for testing the meters was selected out in the slough opposite the

base, and range stakes were set beyond each end of the line, care being taken

to set these stakes so as to make the line or path of the steam-launch parallel

to the base. Other range stakes were set on a prolongation of the line.

This line was so selected as to be but little affected by influences from the

bottom or sides of the slough, it being at this place quite uniform in depth.

A frame made of 2-inch gas-pipe was attached to the bow of the launch,

and tlie meter to be tested was placed on a rod attached to the extreme for-

ward end of this frame and at a point which would carry the meter about

2 feet below the surface and about 10 feet ahead of the launch. Insulated

copper wires were attached to the meter before placing it in the water.

These were brought up on the bow of the launch and connected with a

battery of six Daniels cells. A register was placed in the circuit and also

a sounding-key, which was placed in the engine-room to guide the engineer

in keeping the sjjeed of the launch uniform.

All being ready for work, the launch was got on line outside the limits

of the base and prepared to run with as steady and uniform a speed as



possible. As the launch approached the point opposite '' East Point" the

observer there stationed called " ready," held up one hand, and with the

other made two breaks on the key-sounder. At these signals the observer

on the launch commenced counting and watching the register, and the ob-

server at the chronometer took up the " beat." As the jack-staiF of the

launch passed the cross-wire in his telescope the observer dropped his

hand quickly, gave one tap on the key, and also called "tick" sharply,

so that if the observer on the launch did not happen to be looking and see

the hand drop he would get the signal "tick." The signals were all given

as distinctly and sharply as possible. The reading on the register was

noted and the time taken to the nearest tenth of a second so far as prac-

ticable.

At the next station, or "J Point," the observer at that point called

" ready " and held up his flag, being in a position where he could be seen

both by the observer on the launch and the observer at the chronometer.

As the jack-staff" passed his station or line of sight he dropped his flag as

quickly as possible and called " tick." The same signals were given at the

three remaining stations. At these signals the reading of the register on

the launch was noted, and the difference of readings at " East Point" and

at the other points gave the number of revolutions, or half revolutions,

according to the meter used. A return trip was made over the same

course, running from "West Point" to "East Point," using the same

speed of boat as far as practicable. The results of these two trips were

combined so as to eliminate effect of current, if any existed. The work

was continued with a meter until various speeds of the launch had been

tested, or, in other words, the meter tested for many different velocities,

from quite slow to as fast as the register would record correctly.

METHOD OF USING CUEEENT-METERS FOE DETERMINING CURRENT
VELOCITY.

For using the meters for current observations a derrick was put up on

the United States quarter-boat " Major E. F. Hoffhiann." The main spar

of the derrick was 35 feet long and was placed just forward of the cabin.

To this spar was attached a boom 25 feet long, being set for this work

about 12 feet from the lower end of the spar. A heavy set of double

blocks and fall led from the upper end of the spar to the boom, by which

the latter could be raised or lowered at will. BVom the upper end of the

boom another double block and fall was used to handle the apparatus for

current work. A cable wire rope, five-eighths of an inch in diameter and 32

feet long, was attached by an eye to the hook of the block at end of boom,

and a mushroom anchor, weighing 150 pounds, was attached to the lower

end of the cable by means of a clamp clevis which permitted the wire

cable to pass freely through the current-meter frame. To the anchor was
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attached a bar of iron, 1 by 3 inches and about 3 feet long, which supported

a gas-pipe 1 inch in diameter, made in lengths of 10 feet and provided

with couplings, one side of the gas-pipe being perforated with half-inch

holes for the introduction of the insulated wires that were to connect the

meters with the battery and chronograph. This pipe was used to prevent

the wires from becoming entangled in the meters, and the pipe and sys-

tem of wires were always placed so as to be down-stream from the meters.

Six meters were used for these current observations, and were usually

set on tlie wire cable equidistant from each other, and at the same distance

from the bottom and surface of the river ; for instance, in 21 feet depth of

water the upper meter would be 3 feet below the surface, and with 3 feet

between the meters, the lower one would be 3 feet above the bottom.

In order to give frequent direct comparisons between the six meters, a

frame was prepared of oak pieces 2J by 6 inches, the frame being 12 feet

long and 2^ feet wide. Six iron bolts of three-quarter-inch round iron,

and about 2| feet long, were set in the frame to support the meters, the

bolts being placed 2 feet apart and 1 foot from either end. A. piece of

three-quarter-inch gas-pipe was set in the center of this frame and jirovided

with a clamp screw. The wire cable was passed through the gas-pipe in

the center of this frame, and clamped at a point where the center of the

frame would be about 2 feet below the surface of the water when the

mushroom anchor rested on the bottom. The frame was held in a hori^

zontal position and stay-rods connecting the ends of the frame with the

bow of the quarter-boat held the frame at a right angle to the direction of'

the current. The meters were placed on the frame and carefully set at

the same height. This gave comparison of the meters at the same depth,

and in order to eliminate any eifect from lateral difference in the current,

the meters were used in reverse positions on the frame.

COMPARISON OF METERS AND FLOATS.

There was also a comparison made between the velocity as determined

by meters and as determined by the tin floats and the paint kegs used for

the gauging operations in this vicinity.

For these comparisons a section of the river, giving as uniform a chan-

nel as possible, was selected on the east side of "Bar h," in the main chan-

nel.

Five meters, placed equidistant, were used in this work, one of the me-
ters being at mid-depth. One pen on the chronograph was reserved for

recording float observations.

A base of 200 feet, marked at each 50 feet, was carefully measured with

the standard cherry rods, in a direction as nearly parallel to the direction

of the current as practicable. Observers were stationed at the five points
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of the base, those at the ends and middle being provided with break cir-

cuit keys and theodolites; at the other two points flags were used, the

signal for the passage of the float past these points being transmitted to

the chronograph sheet by one of the observers at a key.

Telegraphic communication was established between the base stations

and the chronograph on board the quarter-boat.

The quarter-boat was anchored so that the cable with the meters would

be placed about 1 6 feet below the lower end of the base. The skiff con-

taining the floats to be sent down was anchored about 100 feet above the

upper end of the base, and trials made with the floats until the point was

found from which the floats would pass from the skiff" directly toward the

cable containing the meters.

Work was then commenced, a continuous record of the five meters and

a record of the passage of the floats past the points of the base being made
on the chronograph. A warning of several breaks was given just before

the single break of the passage of the float. (See Sheet 2.)

The observer at the lower point took a theodolite reading to the float as

it passed the upper point, and the observer at the upper point did the same

as the float.passed the lower point, thus giving the path of the float.

The larger number of the observations were made with the floats tied

at mid-depth, tlie remainder being taken with the floats tied at depths cor-

responding to the positions of the meters next above and below that at

mid-depth.

Time was also taken with a chronometer on shore, in order to give a

comparison between this method and the chronograph.

EEDUCTIOSr OF FIELD-WORK.

a. Meter co-efficients.—In the reduction of the observations taken to de-

termine the co-efficients the following plan was adopted for eliminating the

effect of any possible current. The observations were combined in pairs,

consisting each of a down trijj over the course laid out, and the following

return trip. Noting the time of transit and the number of revolutions at

the end of each 200 feet of the 800-foot base gave eight results for each

round trip of the launch. In combining these separate results, the one

giving the greatest time interval on the down trip was combined with the

one giviiig the greatest time interval on the up trip. In this way the ele-

ments for forming four equations of condition were obtained for each round

trip from " East Point."

To determine approximately the form of the line showing the relation be-

tween the number of revolutions of the meter (n) and the velocity («') the ob-

served values of n and v' were plotted in reference to a system of rectangular

co-ordinates. The results are given on Plates I, II, III and IV, and show

that within the limits of the observations taken, the line showing this relation
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is a right line, whose equation in v' =a n + b,m which v' = velocity in

feet per second and n = number of revolutions of meter per second, quan-

tities that become known from the observations, a is the tangent of the

angle which the line makes with the axis of abscissas, and b the distance

from the origin to the point of intersection with the axis of ordinates. In

the use of this equation for the determination of meter co-efficients the ob-

servations have been such as to give from nineteen to thirty-nine equations

ofcondition from which to derive final results for the two quantities a and b.

These equations have been solved by method of least squares, and the re-

sults are given in Table 1.

In handling the meters great care was exercised that nothing should oc-

cur liable to affect their co-efficients, but in order to detect any accidental

change, the horizontal frame previously described was generally used be-

tween each set of observations for the velocity in vertical plane. A number

of these observations, sufficient to show such material change as did occur,

have been reduced. Complete sets of observations on the horizontal frame

have been worked up for October 29, and are given in Tables 2 and 3.

There M-as a very good agreement between the meters, excepting No. 2.

On referring to Table 1 it will be noticed that there was a much poorer

determination of that co-efficient, the probable error of the determination

being 0.0086. The comparisons on the horizontal frame indicated an error

of one-tenth of a foot per second for meter No. 2, and this was adopted as

a correction for the meter.

b. Mean vertical velocity curves.—From the chronograph sheet which

gives a constant record of the six meters used at different points in a ver-

tical plane, mean velocities for each minute are derived and tabulated.

(See for example Table 4.) The results have also been plotted on cross-

section paper to more clearly show tiieir relative values. (See for example

Plate VI.) Mean values for each consecutive series of minute results have

also been obtained, and these mean results have also been plotted on cross-,

section paper. As the values for mean velocities for each minute at the

six different points from the surface to the bottom constantly gave evidence

of a quite uniform curve, the method of drawing a curve for these mean

values has been adopted and designated the mean vertical velocity curve.

(See for example Plate VII.)

In the computations for the reduction of the work with meters used in

a vertical plane, the average velocity for one minute of time was deter-

mined as giving the best results for showing the vertical velocity curves.

Lines were ruled across the chronograph sheet for each minute, and the

revolutions, or parts of revolutions, were counted for each of the six meters,

and entered in a book of tabulation. The computations were carefully

made in a regular form and are preserved. The velocities are given iii

feet per second. (See Sheet 1.)

The reduction of the observations of October 7, with the meters in a



17

vertical plane, may be given as a sample of the methods used. These

observations were taken in the channel between the Iowa shore and the

first sand-bar above Burlington (" Bar Ti "). This is a straight and well-de-

fined channel at the point where the observations were taken, but becomes

more shoal a few hundred feet above. This was the main channel not

many years ago.

On this date, October 7, two series of observations were obtained. The

results for each minute are given in Tables 4 and 5. These results are

also plotted on cross-section paper giving the vertical velocity curves for

each minute graphically, which are shown on Plates VI and VIII. The

mean results for tables are plotted on a larger scale, and the mean vertical

velocity curves drawn ; these are shown on Plates VII and IX.

The observations of other days have been reduced and plotted in the

same manner as those of October 7, giving twenty-five different mean ver-

tical velocity curves, each of which is derived from sets of observations

extending through from eleven to thirty-two minutes. The observations

and results of other dates than October 7 will be referred to in more de-

tail in a Subsequent portion of this report.

' Referring to these mean velocity curves it appears that while there are

not always a sufficient number of points in the observations of the dif-

ferent dates to show the slower velocity at the surface, yet in all cases

where a sufficient number of observations have been taken the fact is so

apparent that a retarded surface velocity has been assumed in all the mean

velocity curves. This is especially apparent in the observations of Octo-

ber 7. I

c. Comparisons of mean and mid-depth velocities.—Having obtained nu-

merous results for mean velocities at various points from the, surface to the

bottom, we are now prepared to investigate the relation between mean and

mid-depth velocities, to be used for gaugings on the Upper Mississippi

River, and on all streams of similar characteristics.

From each mean vertical velocity curve results are taken from the plot

for each 0.4 foot in depth. (See for example Plate VII.) Final mean

velocities are derived from these results, and the mid-depth velocity is

taken off graphically. This gives a comparison between the mean veloc-

ity {V„) and mid-depth velocity (V^n.)

The formula of Humphreys and Abbot,

.<„u^^'^ 1.69

(D+1.5)*«

D being the depth of the riveratany point, was also used to derive a mean

velocity from the mid-depth velocity as taken from the mean vertical ve-

13828 M o 2
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locity curves, for the purpose of comparing the formula with the results

of these observations. These quantities for each mean vertical velocity-

curve are shown on the respective curve plates.

The value v or the mean velocity of the whole cross-section of the river,

as used in the above formula, was obtained by the following method from

the mean velocities as determined on cross-section No. 1 of the gaugings

made under the direction of the Board of Engineers on the low-water

navigation of the Mississippi and Missouri Rivers, and reported on in

Report of the Chief of Engineers for the year 1880, part 2, page 1526.

The velocities for different stages were plotted on cross-section paper, and

a line which proved to be a straight line, was drawn approximately through"

the different points. (See Plate V.) From this plot the value of v could

be taken very closely for any stage. These gaugings referred to were taken

about the same time as the current-meter observations.

d. Description and reduction of the observations taken subsequent to OdO'

ber 7.—In addition to the work of October 7, observations were taken on

the following dates: October 11, 14, 21, 29, and 30, and reduced in a

similar manner.

The position of the boat on October 11 was a few feet below cross-sec-

tion No. 1 of gaugings, and the observations were taken in about 11 feet

depth of water, on a flat middle ground where the current might have a

slight tendency to divide. The water also became more shoal a few hun-

dred feet down stream. The results here indicated a much greater veloc-

ity near the surface than the work of October 7. This might arise from

the shoaling of the water below. There was no perceptible wind. The

results for the work on October 11 are given in Tables 6, 7, and 8. These

results are also plotted on cross-section paper giving the vertical velocity

curves for each minute and are shown on Plates X, XII, and XIII, and

the corresponding mean vertical velocity curves are shown on Plates XI
and XIV. In the work given on Plate XIV, Table 7, a value for' mean

velocity was also derived by connecting the plotted points by straight lines,

and taking off values from this broken line the same as from the curve,

the result being a close agreement, showing that with quite irregular re-

sults, a mean curve can easily be drawn giving a more probable result for

the mean and mid-depth velocities.

The work of October 14 was takeu directly in the main steamboat

channel of the river, in about 13 feet depth of water, and where the chan-

nel was quite uniform and direct for nearly a mile, with a width of from

300 to 500 feet. This channel must not, of course, be confounded with a

section of the whole river. The results for this date are given in Tables

9 to 13, inclusive. The results for each minute are plotted to show verti-

cal velocity curves, and are given on Plates XV, XVI, and XVIII, and

mean vertical velocity curves are shown on Plates XVII, XIX, and XX.
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The work of October 21 was also taken in main channel with about the

same position of the boat as on October 14. The results for mean veloci-

ties for each minute are given in Tables 14 and 15, and plotted values

of mean velocities for each table, and corresponding mean vertical velocity

curves are given on Plate XXI.
On October 29 the observations were taken in the same channel as on

October 7, but about 400 feet farther down stream. In this channel it

will be noticed the results are much more regular than in the steamboat

channel on the outside of " Bar h." The results for each minute on this

date are given in tables 16 to 26, inclusive. The results for each minute

are only plotted for two tables to show vertical velocity curves, and are

given on Plates XXXI and XXXIII. The mean vertical velocity

curves are given on Plates XXII to XXX, inclusive, and also on Plates

XXXII and XXXIV. •

The work of October 30 was in the main channel opposite Burlington,

and below the point where the steamboat channel outside " Bar h" and

the old channel between this bar and the Iowa shore unite. The current

at this point was very much affected by whirls, and the results are quite

irregular. The velocities for each minute are given in Tables 27 and 28,

and the plotted results for the mean vertical velocity curves are given on

Plates XXXV and XXXVI.
e. Compilation of results and determination oj co-efficient.—The results

as derived from the plates of mean vertical velocity curves are given in

Table 29. In this table, columns 4, 5, 7, 8, and 9, are derived from orig-

inal observations ; column 6 is obtained by applying Humphreys & Ab-

bot's formula to the data in column 4. For determining the ratio of mean

to mid-depth velocity, twenty-five results are obtained from the observa-

tions, and given in column 8, having an extreme range of only 0.057.

The mean of these twenty-five results gives a co-efficient (0.968) with prob-

able error of less than 0.0025 for reducing mid-depth to mean velocity.

In Table 30 is given a comparison between the mean velocities as derived

from the mid-depth velocities by using the co-efficient (0.958) and those

derived from same mid-depth velocity by the Humphreys & Abbot formula.

In this table column 2 gives the mid-depth velocity taken from mean ver-

tical velocity curves ; col-dmn 3 gives the mean velocity as deduced from

mid-depth velocity of column 2 by applying co-efficient ; column 4 gives

mean velocity deduced from mean vertical velocity curves ; and column 5

gives mean velocity obtained by applying Humphreys & Abbot's formula

to data in column 2. It will be seen that for general results in various

parts of the river the co-efficient 0.958 gives a less range of differences,

but in the main steamboat channel the formula of Humphreys & Abbot

gives results agreeing very closely with the actual mean velocities.

The ratio of depth of mean velocity fillet (m) to the whole depth (D)
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has a wLder range of results, and hence its use to regulate the tying .)f

floats at a certain depth to give mean velocity directly could not be con-

sidered as accurate as the co-efficient for reducing mid depth to mean ve-

locity.

/. Comparison between ourrent-meters and floats.—A full description of

the method of making these comparisons has been previously given. The

work was reduced by determining the velocity of the float over each 50-

foot section of the 200-foot base and the velocity given by a meter at the

same depths as the floats. The meter result was taken for the next

consecutive time after tlie passage of the float, and for a time interval

equal to that of the float over the last section of 50 feet. From an in-

spection of the results, it was found that the velocity was not uniform

over the different sections of 50 feet, and hence a direct comparison of the

velocity of the float with the velocity as shown by a meter located just

below the section, could not be expected to give definite results. Yet

these comparisons are valuable as they demonstrate that while the velocity

of the current changed materially during the time the series of observa-

tions with floats was being made, the relation between the velocities over

the different sections was preserved. To show these variations, the results

for one series of floats are plotted on cross-section paper, and curves drawn.

(See Table 31 and Plates XXXVII, XXXVIII, and XXXIX.) In

calculating the velocity of the floats when their course diverged from a

line parallel to the base sufficiently to make a perceptible increase in dis-

tance, the actual distance traversed, as taken from the plot, was used.

The velocities given by the five meters during the passage of the floats

were all reduced for the time of each section, thus giving the five veloci-

iiss in a vertical plane, as shown by the meters in their position below the

base, while the floats were passing over each section of the base. These

vertical velocity curves have also been plotted opposite each curve for the

final sections.

The results for the floats over each section of the base and for the meter

at same depth for next consecutive time ; also for the velocities of the five

meters, for this one series, are given in Table 31. The curves are given

on Plates XXXVII, XXXVIII, and XXXIX.
g. Pulsations.—During the reduction of this current-meter work it was

observed that there were very strong and well-defined pulsations. The

results for each consecutive minute for a part of the work on October 14

have been plotted on cross-soction paper with velocity in feet per second

for vertical ordinate, and a horizontal scale of time. This is given on

Plate XL, and it will be observed that there are quite extreme changes,

or pulsations, in velocity ; that they are much greater near the bottom

than near the surface, and that the changes generally occur at about the

same time from the surface to the bottom. As extreme changes or sudden
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pulsations are not shown on Plate XL, which only gives the average ve-

locity per minute, Plate XLI is given where the number of quarter revo-

lutions for each ten seconds is plotted with quarter revolutions in ten sec-

onds for vertical or velocity scale, and a horizontal scale of time. This
work of October 28, shown on Plate XLI, was a comparison of meters

and floats, and only five meters could be used in a vertical plane, one pen
being reserved for the record of floats. These curves, which give the con-

tinuous record of meters during the time of passage of one series of floats,

show very plainly the extreme and sudden changes in velocity, amount-"

ing to nearly one-half the greatest velocity, in less than one minute of

time. It will also be observed here that these extreme changes occur at

about the same time from the surface to the bottom.

In connection with these pulsations it may be well to state liere that the

quarter-boat was always securely anchored in four directions. There were

two heavy anchors with lines leading off quartering from the bow up
stream from 150 to 200 feet, and also two anchors at the stern in the same
manner. This would allow but very slight movement to the quarter-boat.

Then, as the lower end of the cable was fastened to a 150-pound mush-
room anchor there was no possibility of any perceptible swaying of the

meters near the bottom. If these variations in velocity or pulsations

were caused by the swaying of the meter-cable, it might be expected that

the changes or pulsations would be much greater near the surface than neaj

the bottom, but the reverse of this is true. Again, these pulsations can-

not be referred to the effect of wind, as in that case they would be greater

near the surface.

A full development of such curves as are shown on Plate XL for all of

this current-meter work might give valuable data for study in regard to

the effect of wind or the possible relation between these pulsations and

sand waves; and in the case of a set of observations extended through

varying stages some relation might be discovered between these pulsations

and the rise or fall of a river.

A table of velocities corresponding to the revolutions could be prepared

for each meter, and the velocity curves could be plotted readily from these

tables by merely counting the number of quarter or half revolutions reg-

istered by the meter and referring to the table for the corresponding

velocity.

h. General suggestions as to currerd-meter work.—It is to be regretted

that these observations could not have been worked up in the field, which

would have permitted carrying out many suggestions which have pre-

sented themselves during the reduction of the work. A few are men-

tioned for the benefit of any future similar observations with current-

meters.

There always appear to be very decided whirls in the motion of the
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water. The question arises whether the planes of motion of these whirls

are horizontal, vertical, or changeable. The Buff & Berger current-

meters are made so as to have free motion in all directions. In their use

for the work at Burlington, Iowa, the meters were always given free mo-

tion in all directions, and were supposed to head directly in the curreut

It would have been well, after having used the meters in this manner

for half an hour, to have repeated the observations after putting in a pin,

provided by the maker for the purpose, which only permits a motion in a

horizontal plane ; and to have again repeated the observations after the

instrument was clamped so as to prevent horizontal swaying and allow

vertical motion only ; and finally, to secure a resultant velocity by clamp-

ing firmly in such a direction and manner as to make the meter head in a

line parallel with the general direction of the current of the main channel.

This would give data to show the effect of whirls, and determine whether

this effect was greater in a horizontal or vertical plane.

If the chronograph specially constructed for this work is used in the

future for current-meter observations, I would suggest that there be six

additional pens with their magnets attached to the instrument, which ad-

dition would allow of the use of twelve current-meters in a vertical plane,

and thus give the vertical curve much more accurately. There are six

spaces on the present record sheets which would readily admit of the use

of six more pens.

A self-registering water-gauge located as near as practicable to the point

of observation with the meter, would give a very valuable record. Read-

ings were taken every ten minutes on gauges in connection with the gaug-

ings of the river at Burlington, and in calm weather a perpetual rising and

falling could be detected, and perhaps it would be found from a self-regis-

tering gauge that fluctuations in height of water, or change of slope, would

correspond very closely with the pulsations in velocity.

In this report the reductions have been made with reference to giving

data to determine the relation of mean to mid-depth velocity, and any in-

vestigation of pulsations has only been incidental to such reduction.

Very respectfully, your obedient servant,

G. A. Mare,
Assistant Engineer.

Maj. A. Mackenzie,

Corps of Engineers, U. S. A.
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Table 1.—Table of meter coeffici

Meters.
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Table 4.

—

Subsurface velocities as given hy current-meters. Burlington^ Iowa, October 7,

1879.

[Depth, 19.5 feet; stage, 0.85 foot. For ponition of boat, see map.]

Time.
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Table 6.

—

Subsurface velocities as given by current meters. Burlington, Iowa, October 11,

1879.

[Depth, 11.5 feet : stage, 0.75 foot. For position of boat, see map. Mean velocities for one minute.)
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Table 8.

—

Subsurface velocities as given by current meters. Burlington, Iowa, October 11

1879—Continued.
[Depth, 11.0 feet; etage, 0.75 foot. Tor poaltion of boat, see map. Average velocities for one minute.

Time.
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Table 10.—Subsurface veloeitiea as given hy current meters. Burlington, Iowa, Ociober 14
1879—Continued.

[Depth, 13.2 feet ; stage, 0.89 foot. For position of boat, see map. Wind from aoutli.]
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Table t^.—Sulsurfaee velocities as given ly current-meters. Burlington, Iowa, October It'

1879—Continued.

[Depth, 13 feet ; stage, 0.89 foot. For position of boat, see map. Strong BOnth wind.]
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Table 14.

—

Subsurface veloeities as given hy cm'rent-metera. Burlingtonj Iowa, October 21,

1879.

[Depth, 13.5 feet; stage, 1.27 feet. For ponition of boat, see map. Mean velocities for one minute.]

Velocities in feet per second at the given depths below water surface.

Time. Wiud.

II 3 feet.
]

g.o feet.
!

6.8 feet.
|

5.3 feet. 3.5 feet. i 8 feet,

h. ;«. vz,

6 ao to 21

21 to 22
22 to 23
23 to 24
24 to 25
25 to 26

26 to 27
vj to 28
28 to 29

29 to 30
30 to 31
31, t't 32

32 to 33
33 to 34
34 to 35

35 to 36
36 to 37
37 to 38
38 to 39
39 to 40
40 to 41 I

41 to 42
I

42 to 43 :
I

43 to 44 I J

Means for 24 results.

-Calm

2.422
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Table 16.

—

Subsurface velocities as given ly current meters. Burlington, Iowa, OctolerW,
1879.

IDepth, 21.6 feet; etage, 1.88 feet. Tor position of boat, see map. Mean Telooities for one minute.

Time.
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Tablb 18.

—

Subsurface velooities as given hy current meters. Burlington, Iowa, October 29,
1879—Continued.

[Depth, 21.6 feet; stage, 1.88 feet. For position of boat, see map. Mean velocities for one minute.}
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Table 20.

—

Subsurface velooitiea as given by ourrenl-meters, Burlington, Iowa, Oelober 29,

1879—Continued.

[Depth, 21.6 feet ; stage, 1.88 feet. For position of boat, see map. Mean velocities for one minute.]
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Table 22.—5«6«i«»-/oce velocities as given hy current meters, Burlington, Iowa, October 29,
1879—Continued.

[Depth, 21.6 feot; stage, 1.88 feet. For poaition of boat, aee map. Mean velocities for one minute.]
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Table 24.

—

Subsurface velocities as given by cm rent-meters. Burlington, Iowa, October 29,

1879— Continued.

[Depth, 21.6 feet ; stage, 1.88 feet. For position of boat, see map. Mean velocities for one minute.]

Time.
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Table 26.

—

Suhsurface velocities as gioen by current-meters. Burlington, Iowa, October 29,

1H79—Coutiuued.

[Depth, 21.7 feet; stago, 1.9 feet. For position of boat, ace map. Mean velocities for one minute.]
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Table 28.

—

Subsurface velocities as given hy current-meters. Burlington, Iowa, October 30,

1879—Continued.

I
Depth, 27-6 feeti stage, 1.91 feet. For position of boat, see map. Mean velocities for one minnte.]

Time.
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Table 31.

—

Subsurface velocities as given hy current meters and floats, Burlington, Iowa,
October 2S\ 1979.

[Depth, 16.4 feet; stage) l.ftS feet. For position of boat, see map {series 4).
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