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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
Unttep STATES (GEOLOGICAL STRVEY,
HyprocrapHIC BRANCH,
Washington, D. C., December 5, 1903. .

Sir: 1 have the honor to transmit herewith a manusecript entitled
““Accuracy of Stream Measurement,” hy Edward C. Murphy.

This paper is a revision and enlargement of paper No. 64. It
embodies the results of an extension of the investigations, in the
hydraulic laboratory of Cornell University, of the flow of small and
moderate-sized streams.

While the methods of river measurement at present in use arc
believed to be sufficiently accurate for the purposes of ascertaining
water resources, yet it is important to know their probable accuracy
and particularly the accuracy of the instruments which are commonly
employed. Through such knowledge and experience gained from time
to time it will be possible to improve upon the methods, in the interest
of greater exactness or wider diffusion of the work. I therefore
request that this manuscript be published in the series of Water-Supply
and Irrigation Papers.

Very réspectfully,
) F. H. NEwELL,
Chief Engineer.
Hon. Crartes D. WaLcorr, ‘
Director United States Geological Swrvey.






ACCURACY OF STREAM MEASUREMENTS.

By Epwarp C. MurpHTY.

INTRODUCTION.

Since 1902, when the first edition of the paper on the accuracy of
stream measurements was published, many additional data relating to
thi:: subject have been collected and studied, both by the author and
by various engineers of the United States Geological Survey.

In orderto give the public the benefit of these later data and studies,
and also to supply the continued demand for the first edition, the sup-
ply of which had become exhausted, it was thought desirable to pre-
pare and issue a second edition. In preparing this enlarged edition
the material presented in the first edition has been revised in accord-
ance with the new data.

FACTORS CONTROLLING ACCURACY OF STREAM MEAS-
UREMENTS. :

The accuracy of a stream measurement depends largely upon the
accuracy with which the cross-sectional area and the velocity are
measured. There is no special difficulty in measuring the first factor,
but the second tactor—the velocity—is very difficult to measure, chiefly
for the reason that it is constantly changing. It not only varies from
the surface to the bottom and from one bank of the stream to the other,
so that it is necessary to measure it at many points, but it is constantly
changing at every point, even when the cross-sectional area and the
discharge (and consequently the mean velocity) remain constant. Sev-
eral experimenters have observed the phenomenon of ‘‘pulsation of
moving water,” and a few have tried to measure it, but as yet little
is known of the magnitude and frequency of the pulsations or of the
laws governing them. J. B. Francis says:? *‘It is observed that there
is a continual change in all parts of these channels, although there.
may be no sensible change in the volume of water flowing and conse-

aTrans. Am. Soc. Civ. Eng., vol. 7, p. 111,

11
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quently in the mean velocity.” Captain Cunningham says:® ““One of
the most important conclusions of modern experiments is that the
motion of water, even when tranquil to the eye, is extremely unsteady,
so that there is no definite velocity at any point, but the velecity varies
everywhere, largely from instant to instant. * * * _J& is analo-
gous to the unsteady motion of wind, which iy exemplified by the
swaying of wind vanes and by the fluttering of pinions.” D. F. Henry
says:® ¢ All water in motion has an intermittent velocity, increasing
and decreasing according to some undiscovered law,” and Henry found
this true of streams of all sizes, from small mill races to the great St.
Lawrence River.

A knowledge of these phenomena is evidently of vital importance in
making and computing stream measurements. If only a few ohserva-
tions of velocity are made, these may all, or nearly all, be made at a
time of maximum impulse, and thus the measured mean velocity be
too large; or it is possible that most of the observations may be made
at a time of minimum impulse, and thus the mean velocity be too
small. They also have an important bearing on the kind of instrument
best suited to measure the velocity, as some—the float rod, for exam-
ple—give the velocity of a single impulse, while others, as the current
meter, show the average velocity due to all the impulses during the
observation. B

Thc motion of water in an open channel is not, however, simply a
succession of impulses. On the contrary, it is exceedingly complex,
very different from the uniform flow in parallel straight lines that is
assumed in deriving the common hydraulic formule. When closely
observed the water of the most undisturbed streams is seen to ‘* boil”
and swirl and to be very unsteady, some particles moving up, others
down, others across, but all as a rule having a general motion down-
stream.

The accuracy of a discharge measurement also depends much upon
the physical features of the stream at the discharge section or point
of measurement. When possible, this section should be on a straight
reach and far enough from a bend t6 be out of its influence, the hed
should be permanent and not stony, and the slope and wetted perim-
eter such that at high and low stages of the stream the velocity in all
parts of the section will be easily measureable. The banks should be
sufficiently high not to be overflowed at flood stage, and the section
should be free from the influence of milldams and bridge piers. In
addition, economy requires that the section selected be easily accessi-
ble from a railway station and that there be a person living near who
will read the elevation of the water surface at stated times. Seldom
if ever are all of these conditions even approximately satisfied. *Scour

aRecent Hydraulic Experiments: Proc. Inst. Civ. Eng., vol. 71, p. 7.
bJour, Franklin Inst., vol. 62, p. 323.
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of bed in some cases and silting in other cases give much trouble; too
great a velocity at high stages and too low a velocity at low stages to
measure with accuracy are common difficulties; and milldams often
give trouble, on account of storage and irregular discharge through
their wheels; so that the hydrographer must make the most of the
best location he can find, always having in mind the desirable and
the undesirable qualities.

Rapid fluctuations of the water surface or river height during
measurement and the condition of the velocity-measuring instrument
are other factors which affect the accuracy of a stream measuremeut.

A great many discharge measurements of natural and artificial
channels have been made with various kinds of instruments and in
various ways. The earlier ones were made with crude instruments,
and in some cases the surface velocity only was observed, the mean
velocity being computed from a formula which we now know is not
correct. Very little appears to have heen done in the way of deter-
mining the degree of accuracy of the measurements. Even when the
experimenter has used two or more instruments to measure velocity,
be does not appear to have made simultaneous measurements with
different instruments, or employed different methods with the same
instruments, in order to test the accuracy of the results.

These matters are all discussed in detail in the following pages.

METHODS OF MEASURING VELOCITY.

The methods that have been used for measuring velocity may be
divided into two general classes—the direct and indirect. The direct
methods include all ways of ascertaining the velocity of water from
bodies floating in it, such as surface floats, float rods, double floats,
etc. The |indirect methods include measurements with the eurrent
meter, pressure plates, the thermometer, etc., by which the velocity
of the water is inferred from its impact, its pressure, or its tempera-
ture. Measurements by the direct methods are simple, requiring only
the measureraent of the time that it takes a body in the water to move
over a certai 1 distance, while in the indirect methods the constant of
the instant.must first be found from experiment. The latter methods
are, however, theoretically better than the former.

By the direct methods the mean velocity of a comparatively few
particles of water is found for the time required for the float to move
between the sections of observation—that is, the float is acted upon
by the particles about it during the time it is passing over the meags-
ured distance. It is carried along by a single impulse of the water,
and is not affected by the succeeding impulses, which may be greater
or less than the impulse which moves it. Instruments of the second
class, on the other hand—as, for instance, the meter—measure instan-
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tancously the velocity of all the particles that strike it during the
observation. If there were no pulsations of water, and if the particles
following one another at any given point moved with uniform velocity,
then the direct methods might, in the absence of wind, give good
results; but since all moving water, even the most undisturbed, has
these pulsations, velocity measurements by the indirect methods are
decidedly more accurate than those by the direct methods. One meas-
urement with a current meter is worth several measurements with
floats.

There is another reason why indirect measurements are preferable
to direct measurements.  Since in the latter the mean velocity is found
over a certain distance, usually from 50 to 200 feet, it is necessary to
know the mean area over that distance, and this requires the measure-
ment of many cross sections hetween the upper and the lower section,
while by the indirect methods the measurement of only one area is
required.

DIRECT METHODS.
SURFACE FLOATS.

Surface floats are small, light bodies, such as wood or wax, which
float on the surface of the water and can readily be seen from the
shore. Measurement by this means is rapid, but the velocities
obtained may be greatly in error, due to the action of wind on the
float. At best it only indicates the velocity for a short time of a
comparatively few particles of water, and the mean velocity must be
found from the relation between surface velocity and mean velocity,
which is not well established. The time consumed by the floats in
passing over a measured distance—usually from 50 to 200 feet—is
observed, and the distance divided by the observed time gives the
surface velocity at that point for that time.

This method was used by Dubuat in 1779 in gaging the Canal du
Jard, in France, and in 1782 in gaging the Haine River, Belgium; by
Trechsel, in 1825, to gage the Outer Aar, near Thun; by Wampfler,
in 1867, to gage the Simme Canal, Switzerland; by Harlacher, in 1881,
to gage the Elbe, in Bohemia (at high water only); by Ellet, in 1858.
in gaging the Ohio; and by others.

DOUBLE FLOATS.

The double float consists of a light surface float and a subsurface
float somewhat heavier than water connected to it by a cord or a small
rope. The office of the upper float is to support the lower float and
indicate its position. The connecting cord can be lengthened at will
and the lower float be placed at any desired depth. Fig. 1 shows the
double float used by T. G. Ellis in the Connecticut River survey in
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1874. This subsurface float was a hollow annulus of tin 8% inches
high, 8% inches outside diameter, and 7% inches inside diameter. Two
brass wires were soldered across the bottom at right angles to each
other, to which was attached 28 ounces of lead as a sinker. Two
other wires were soldered at right angles to each other at the center,
to which the connecting cord was attached. The surface float was an
ellipsoid of tin 6 inches in diameter and 1% inches thick, with a cork in
the top holding a small flag and an cye in the bottom for the connect-
ing cord. The connecting cord had a diameter of 0.036 inch.

The method of measuring stream flow by double floats as used by
Humphreys and Abbot in gaging the Mississippi River in 1851 and
1858 is substantially as follows:¢ A suitable place was selected on the
river, a base line 200 feet long was measured off on one bank parallel
to the axis of the current, and a section at cach end of this base was
marked out at right angles to it.
The time consumed by each float in
passing between these sections and-
the position of each float when it
passed them were noted by four
men, two at each end of the hase,
each party having a stop watch and
a theodolite. At a signal from the
engineer the floats were placed in
the river from a boatabout 100 feet
above the upper section and were
picked up by a man in a boat some
distance below the lower section.
At the instant a float passed the
upper section a signal was given, BFEFEEETEEnEETT AT
the watches were started, and the 1716.1.—Double float used by Ellis in Connee-

" ticut River survey in 1874,
angular position of the float was ‘
read with both theodolites. The instant the float passed the lower
section a signal was again given, the watches were stopped, and the
angular position of the float was again read with both theodolites.
These readings gave the distance of the float from the base line when
it passed the sections and two independent measurements of the time
consumed by it in passing between the sections. Soundings were taken
at the end sections and at one or more intermediate sections, from
which the area of the mean section was computed.

In some cases where this method has been used the base was 300
feet long and the time of run of the floats has hbeen recorded on a
chronograph.

This method has its advantages and ‘its disadvantages. In very
deep rivers, such as the Mississippi, or in streams carrying- weeds

aReport on the Mississippi River, by Humphreys and Abbot, p. 224,
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and grass, it is almost the only available method. Humphreys and
Abbot, in their report on the Mississippi River, say:¢ ‘“Saxton’s cur-
rent meter was tried but found to be unsuited to measurements in a
river of such great depth and violence of current. Only double floats
were found to give reliable results.”

In regard to the disadvantages, D. F. Henry, who had charge of the
field work of the gaging of the outlets of the Great Lakes and who
has used this and other methods for deep rivers, says:® ‘¢ All the
objections to the surface float apply with greater force to the double
float, and additional ones peculiar to itself.” It is impossible to
determine the exact position or depth of the lower float. Its position
is determined from that of the surface float, but it varies with the
direction and velocity of the wind and the length of the cord connect-
ing the floats. The depth of the float is determined from the length
of the connecting cord, but on account of the upward *‘boiling”
motion of the water, and also the pressure of the water on a long con-
necting cord, the depth may be much less than the length of the cord.
The upper float may drag the lower one or be dragged by it. At best
it can only give the velocity of a few particles for a short space of
time.

This method of gaging was used in Mississippi River and tributa-
ries from 1857 to 1881. Since that time the current meter has been
largely used. In 1869 it was used in conjunction with the current
meter for gaging the outlets of the Great Lakes. It was also used by
T. G. Ellis in 1874 in his survey of the Connecticut River, in con-
junction with the current meter, and by Gordon in 1873 to gage the
Irawadi River. For comparisons of accuracy of this method with
others, see pages 48 to 52.

FLOAT R(—)DS.

Professor Cabeo¢ was the first to use the float rod for measuring
velocity. This-was in 1646. The rod is of wood or tin, from 1 to 2
inches in diameter, weighted at the lower end so as to float vertically.
Its lower end should nearly touch the bottom and its upper end pro-
ject a few inches above the surface of the water, so as to be visible.
The method of using float rods as followed by the writer in 1900 in
the New York State canal survey is as follows: Two surveyors’ 100-
foot chains were stretched across the canal from 10 to 30 feet apart
and at right angles to the axis of the canal. Fifteen feet above the
upper chain a rope was stretched across the canal, and to this a boat
was attached by pulleys, so that a man in the boat could easily move
himself back and forth by pulling on the rope. Another rope was

aQp. cit., p. 225. .
bdJour. Franklin Inst., vol. 62, p. 167,
¢See Report of New York Barge Canal, 1901, p. 869.
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stretched across the canal from 6 to 8 feet below the lower chain and
a boat operated from it in a similar way. The floats were put in by
the man in the upper boat, two at a time and about five feet apart, and
were observed by him until they passed the upper chain, when he
called to the recorder the position of each. : As they passed under the
lower chain the man in the lower boat called out their position, and
when they reached his boat he took them out of the water and brought
them to the shore. An observer with two stop watches noted the
time of passage of each pair of floats between the chains. A short
run was used on account of the low velocity of the water.

-The advantages and disadvantages of the method may be summed
up briefly as follows:

Advantages.—For artificial channels of moderate and uniform depth
and with floating grass and weeds this is probably the best method to
use. The advantages of float rods as given by Captain Cunningham,
who has used them to a large extent in his gagings of the Ganges
Canal, are as follows:? (1) They interfere less with the natural motion
of the water; (2) they measure velocity direct; (3) they can be used in
a stream of any size; (4) they arc not affected by silt and weeds; (5)
they measure forward velocity; (6) they can be made by a common
workman; and (7) they are cheap.

Disadvantages.—The rods are affected to some extent by wind; they
do not give mean velocity, hut velocity of impulses; they can not be
used in deep streams or in streams of rough or irregular bed, and
they are expensive to operate. *

Float rods have been used by Cunningham, on the Ganges Canal,
in 1880; by Francis, in 1852, on a canal at Lowell, Mass.; by Buffon,
on the Tiber River, in 1821; by Krayenhotf, on the Rhine, in 1812;
and by the Mississippi River Commission, on the Upper Mississippi,
in 1881, '

FLOAT FRAME.

Hirn used, for obtaining velocity, a light frame of wood which
nearly filled the cross section of the channel, but there are practical
difficulties in the way of the use of this instrument.

INDIRECT METHODS.

The following instruments and methods have beer used at one time
or another for measuring velocity indirectly. Several of them are .
now of historical interest only. ‘

FLOAT WHEEL.

The float wheel was used by Borda and Dubuat for measuring sur-
face velocities. That used by the latter was 2 feet in diameter, and
recorded the revolutions on dials.

b Proe. Inst, Civil Eng., vol. 71, p. 1.
IRR 95—04—2
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PRESSURE PLATE.

In 1779 Gaunthy invented the pressure plate, which consists of a.
disk of metal opposed to the pressure of water, the velocity being
computed from the weight necessary to keep it vertical. The tach-
ometer used by Briinings to gage the Rhine and the one used by
Racourt in his gagings of the Neva were made on this principle.
Captain Boileau also used a pressure plate in his tachometer.

BOX WITH HOLE IN SIDE.

A box with a hole in the side was used by Grandi in 1730 to measure
velocity. It was lowered gradually from the surface to the bottom
and raised again at the same rate, the velocity being inferred from
the amount of water in the box.

HYDROMETRIC TUBE.

This instrument was used by Captain Boileau in 1850. It consists
of a glass tube suspended in a frame, having a full-sized opening at
one end and a small opening at the other end. The tube is filled with
water and a bubble of air, and is placed in the water with the small
end upstream. The large end is then opened and the time required
for the bubble to traverse the tube is noted. From this time and the
areas of the ends of the tube the velocity is computed.

HYDROMETRIC PENDULUM. ' -

This instrument was used by Castelli in 1628. It consists of a ball
suspended from the center of a graduated arc. The velocity is com-
puted from the weight of the ball and the angle of the string when
the water impinges on it.

THERMOMETER.

Leslie used a thermometer for measuring velocity. The princiﬁle '
of this method is that the temperature of water in motion is greater
than the temperature when at rest.

PITOT TUBE.

This instrument was invented by Pitot in 1730. Fig. 2 shows it as
improved and used by Darcy and Bazin.® It consists essentially of
two tubes, one drawn to a fine point and pointing upstream, the
other straight and with an opening at the lower end the size of the tube.
The air in both tubes is partly exhausted, so that the water columns

aRecherches hydrauliques, entreprises par M. H, Darcy continuées par M. H. Bazin. Premidre
partic de Recherches expérimentales sur I'écoulement de I’eau dans les canaux découverts: Extrait
des Mémoires présentés par divers savants 4 I’'académie des sciences de Institut Impérial de France,
Paris, 1865, vol. 19, pl. xvii, fig. 5. ’
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will rise to a convenient height.
The velocity is found from
the difference in the readings
of the water columns. Like
floats, this is an impulse-
measuring instrument, but in
using it both maximum and
minimum impulses are ob-
served and a mean is found.
After the instrument is in place
and the stopcocks R and R are
opened one of the observers ap-
plies his mouth to the tube O,
removes the air until the sur-
face of the water in the tubes
stands at a convenient height
to read, and then closes the
upper cock (Z). He observes
the columns until they reach
a maximum height, when he
closes the cock A’ and reads
the surface of both columns;
then he opens the cock R and
observes the surface of hoth
until the columns reach a min-
imum position, when he closes
cock R’ and reads both sur-
faces again. He now has a
maximum and a minimam read-
ing of each column, from which
he makes the following de-
duction: If ¢ is the maximum
reading of column A, and &
is the maximum reading of col-
umn B, and ¢” is the minimum
reading of column A, and %"
is the minimum reading of

column B, then ¢'—¥' =d', the

difference for the maximum
impulse, and ¢'—b"=d", the

difference for the minimum im-
7 I’y

dxd,
pulse, and —— is the mean
o~

difference of the column read-
ings for the two impulses.

TUBE.
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Fig, 2.—Pitot tube.
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Two or three sets of these readings are taken at each point. Then if

o

2 is the mean of the values of these column differences (2 d=
i

d-+d’'+ . . . ), the velocity at that point is given hy the formula

VZG\/ 292'%7', ¢ being the coeflicient found by rating and ¢ the accel-

eration of gravity. The velocity can very quickly be found by one
accustomed to using the instrument. The accuracy of V depends on
that of ¢ and of v/ 37/, the greater the number of d’s or sets of observa-
tions, the more nearly accurate will be the value of 1.

CURRENT METER.

The current meter had its beginning in the float wheel used by
Borda and Dubuat to obtain sarface velocities. In 1790 Waltman
moditied this wheel so that it could be used below the surface. His
meter had helicoidal blades and an endless screw on its axis, which
by gearing into a train of wheels caused a record of the number of
revolutions of the wheel to be made on dials. It was moved up
and down on a rod, the lower end of which was driven firmly into
the river bed. The recording apparatus was thrown in or out of
action by a pull on a string. It was necessary to lift the meter to the
surface to read the revolutions, which was a great drawback to its use,
as was also the fact that dirt in the water retarded the train of wheels.
-Lepont sought to remove these difliculties by bringing the recording °
apparatus to the surface, away from the dirty water and where it
could be read without lifting the meter. He did this by introducing a
vertical shaft or rod with beveled gearing, but this incrcased the
friction so that it could only be used in shallow water. Baumgarten,
Saxton, and others following modified its form somewhat, but did not
materially improve it. Brewster made one in which the axis of the
meter was a long screw and the revolutions were given by the dis-
tance the wheel traveled along this screw. The friction was thus
lessened, but the meter had to he stopped before the wheel traveled the
whole length of the screw. It was along step in advance that was
taken by D. F. Heury when he applied an electric recording device to
the meter, for by it the difliculties that Lepont and others sought to
avoid are very successfully overcome, the friction of the train of
recording wheels being entirely done away with. 1f a recording device
is used it is worked by a spring and not by the meter, and, further-
more, it is not necessary to lift the meter to the surface to read the
number of revolutions, which are recorded electrically, or may be
counted from the indications of a buzzer. The electric meter as used
by Henry is shown in fig. 10, page 35; that used by Moore in fig. 3.
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Meters in use at the present day may be divided into two classes:
(1) Those in which the revolving part turns about a horizontal axis,
and (2) those in which it revolves about a vertical axis. The former
class is illustrated by the Haskell and Fteley meters, shown in figs. 4
and 5, respectively, and the latter class by the Price meter, shown in
PL 1. Meters of the latter class have some advantages over those of

]
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f16. 3.—Moore current meter.

the former class: First, friction is usually less, since it nearly all
comes. on one point, and this point can be protected from the action
of grit in the water and from jars; and, second, for a given high
velocity the wheel will not revolve as rapidly as the wheel of a meter
of the first class under the same conditions, and at the same time the
wheel will start in a less velocity than will the wheel of a meter of
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the former class, so that both low and high velocities can be measured
more accurately with meters of the second class than with those of
the first class. For example, by comparing the rating table of Has-

F1c. +.—Haskell current meter.

kell meter No. 3 on page 81 with that of small Price meter No. 363
on page 42, we find that the former requires a velocity of about 0.20
foot per second to start it, and that it makes 6.5 revolutions per sec-
ond in water having a velocity of
% feet per second, while the latter
requires a velocity of about 0.06
foot per second to start it and
makes only 38.02 revolutions in
water having a velocity of 7 feet
per second. A rate of 3 revolu-
tions per second can easily be re-
corded or counted, but a rate of
.6.5 revolutions per second can not
be counted or easily recorded.

il

The disadvantages of the current
meter are, briefly, as follows: (1)
It can not be used where there is
much floating grass or weeds, as
on canals where the weeds are cut
and allowed to float in the water,
float rods being much better in
such cases; (2) it requires rating
before use and frequently there-
after; and (8) it must be used with
care. These last two conditions,
however, are true for all instru-
ments used for measuring velocity
indirectly.

The meter that has no electrical
device for indicating to the observer the revolutions in a given time,
and that must be lifted out of the water to read the revolutions, is
a thing of the past. Too much time is lost in making the readings.
The acoustic meter is not a success; the clicks are not sufficiently loud
to be heard when the water is deep and the place noisy.

¥16. 5.—Fteley curreﬁt meter.
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The advantages of the meter are as follows: (1) It gives integrated
or mean velocity (any kind of a float gives the velocity of a compara-
tively few particles at some stage of a pulsation of the water, and not
mean velocity); and (2) it can be used on streams of all sizes.

For large streams the choice of instruments is between the current
meter and the double float, and the meter is preferable except where
a large amount of weeds and grass is carried along in the water. For
artificial channels the choice is between the meter and the float rod,
and the meter has the preference except where there is a considerable
amount of floating weeds, and possibly for very slow velocities also,
but the latter is still in doubt. For velocities of 0.85 foot per second
the meter will give the mean velocity as accurately and more rapidly
than the rods, and at less cost, for at least four persons are necessary
with the rod method, whereas one person, or at most two persons,
can make the gaging with the meter, and the expense of moving the
equipment from place to place is much greater for the rods than for

the meter.
SLOPE FORMULA.

The velocity of a stream can be computed from measurements of
the slope of the surface, the dimensions of the cross section, and a
knowledge of the roughness of the bottom and sides. The formula
which is now almost universally used for this purpose was devised by
Kutter in 1869 ¢ and is as follows:

1. bll .00281

7 § D o
7= 1—{—(41.6—1—.4)()2?31) o v Es

8‘\/]?s

In this formula FP=velocity, in feet per second; s=surface slope:%,ﬁ
being the fall of the surface in the distance /; R=hydraulic
ra;dius———%, F'being the cross-sectional area and + the wetted perim-

eter; and n a ratio whose value varies from 0.009 for a well-planed
wooden channel to 0.035 for a channel overgrown with weeds or cov-
ered with stones.

This formula is said to apply to streams of all sizes, from creeks and
sewers to large rivers like the Mississippi, its constants being deter-
mined from Bazin’s gagings of small channels, from Humphreys and
Abbot’s gagings of Mississippi River, from Cunningham’s gagings of
the Ganges Canal, and from gagings by many others.

The disadvantage of the method is that it is very difficult to measure
accurately the surface slope (s) of large rivers. T. G. Ellis says®
that on Connecticut River the slope of parts 100 to 400 feet long was

aGanguillet, E., and Kutter, W. R., Flow of Water in Rivers and Other Channels.
b Trans. Am. Soc. Civ. Eng., vol. 11, p. 23.
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very carefully measured and the discharge computed, using the best
modern slope formule. The discharge found from these formule
differed by 50 to 250 per cent from that found by gaging. He thinks
the slope is so uncertain an element that slope formule are of little
value. Captain Cunningham, after an examination of five hundred
slope measurements of the Ganges Canal, says:¢ ‘It [the slope of
surface measurement] is so delicate a matter that the results are of
doubtful use.” He found that the slope was very different at different
parts of a reach from 1 to 2 miles long, and that the slope at opposite
sides differed 50 per cent. Ellet says,? in regard to the slope of the
Mississippi River: ‘It not unfrequently happens that while the mass
of the water which its channel bears is sweeping to the south at a gpeed
of four or five miles per hour, the water near the shore is running #o
the north at a speed of one or two miles per hour. It is no unusual
thing to find a swift current and a corresponding fall on one shore
toward the south, and on the opposite shore a visible current and an
appreciable slope toward the north.”
Only in very rare cases is it advisable to use this method.

MEASUREMENT OF SURFACE FLUCTUATIONS.

Any change in the elevation of the surface of a stream affects the
discharge in two ways: The cross-sectional area is changed and asa
rule the velocity also is changed.¢ It is necessary, therefore, in
accurate work to measure the surface fluctuations with great care.
Wave action, due to wind or other causes, should be eliminated.

There are two classes of instruments in use at the present time for
indicating surface elevations: (1) Self-registering gages, which give
a continuous record of the changes in surface elevation; and (2) a
fixed scale from which the elevation of the surface is read at any
time, or a moving scale with a fixed index from which the elevation
of the surface is read.

The United States Lake Survey self-registering water gage, shown
in Fig. 6, is a good illustration of instruments of the first class. The
center pin is connected to a float on the surface of the lake, and its
motion is proportional to the change in elevation of the float. This
motion is traced by the pen on a sheet of paper on the drum, which is
moved at a uniform rate by clockwork. The two outer pens record
the time. Fig. 7 is a reproduction of the record made by this instru-
ment on May 17, 1899. ‘The elevation of the surface at any instant is
given by the corresponding ordinate of this curve. This figure illus-

a Proe. Inst. Civ. Eng., Vol. 71, p. 11,

b Humphreys and Abbot, Report onthe Mississippi River, p. 01‘1

¢ On some streams there are places where the mean veloeity remains nearly constant for several
feet variation in stageof river. This is true of the Verdigris River at Liberty, Kans. See Nineteenth
Ann. Rept. U, 8. Geol. Survey, pt. 4, 1899, p. 374
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trates the need of an accurate record of the change i. stage, for it
shows a change of surface elevation of 2.5 feet in one and five-tenths
hours.

The hook gage, shown in fig. 8, is a good illustration of a gage of
the second class. The frame is-fastened firmly to a post in the water,

F16. 6.—Sell-registering water gage used by United States Lake Survey.

and the-elevation of the zero reading is determined. By turning the
milled nut the hook is raised until its point comes to the surface of
the water. Th® can be done very aceurately in still waters hy means
of the little spot of light on the point of the hook. The scale is then
read, and from it the surface elevation is found.

Traced by time percils

”“\f\\“{/\’ “ mﬁ’Jj “ Nﬁmwn f/\h:

|S784%,
/ Lotum line traced by datum g#l'/ LHevation 57767 2. sbove inean ticde st Newbrk

L

R Vertical scale et

o H’D/‘l ‘zontal irxa/e shours

Traced by time pencils

Fi6. 7.—Record made by self-registering water gage used by United States Lake Survey.

The water gage used by the United States Board of Engineers on
Deep Waterways in 1897-98, on Niagara River at Buffalo, N. Y., was
of the box-with-float type. The box was of wood, 7 inches high, 7
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inches wide, and 7 feet long, with a closed hottom and a removable
cover. The box was fastened firmly in the water, with half its length
below the surface. Water was admitted through one or more of three
t-inch holes, allowing the float to change its elevation as the river

\

FI¢.8.—Hook gage
for measuring
surface fluctna-
tions.

stage changed and at the same time eliminating the effect
of waves. The float was a 2-quart bottle with a 7-foot
staff, marked to feet, tenths, and hundredths, wedged
into it. This staff extended up through the cover, and
was marked so as to. give the rise of the water surface
above a certain plane as read at the cover of the box.

VERTICAL VELOCITY CURVES.

The relation between velocity and depth in a vertical
section of a stream parallel to the thread of the current,
or the vertical velocity curve is very desirable. From
such a curve the ratio of velocity at any depth to mean
velocity can easily be found and the discharge be com-
puted from observations at one depth only in verticals.

Much effort has been expended in investigating this
relation and the change in it for change in river:stage.
As might be expected, the results of experiments in this
direction do not agree. Each investigator adopts a new
form of curve to fit his observations. In 1791 Waltman
made some observations on the Rhine, from which he
concluded that the vertical velocity curve is a reversed
parabola with its vertex below the bed of the river. In
1820 De Fontaine found the greatest velocity of the
Rhine to be at the surface. He states that two inclined
right lines intersecting about mid depth satisfy his
vertical-curve observations. In 1824-1826 Racourt
made observations on Neva River, from which he con-
cluded that this curve is an ellipse whose minor axis
is a little below the surface. Funk adopted a loga-
rithmic curve for his observations on the Weser in

~ 1820. In 1844 Boileau found this curve for a small

canal to be a parabola with its axis near the surface.

. Darcy and Bazin found it to be a reversed parabola

for their experiment canal, the perimeter changing with
the character of the bed. For Mississippi River,
Humphreys and Abbot found it to be a parabola whose
axis is three-tenths depth below the surface. Henry

found it to be an ellipse for St. Clair River, while Baumgarten
says that no simple curve will fit the observations in a vertical.
From the results of these investigations and others that might be
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mentioned it appears that the shape of the vertical velocity curve
depends much on local conditions, such as roughness of bed, slope, ratio
of depth to width, wind, obstructions, etc. Two facts must be horne
in mind, however: (1) All the vertical-velocity-curve observations
obtained with a single meter will not when plotted fall on any one
line, but the results will be scattered more or less, and it will be
possible to pass a number of curves among them, one satisfying the
observations about as well as another; and (2) there is some part of
each of the curves mentioned which if placed by the side of some part
of another curve will coincide with it ciosely; so that it-is quite possi-
ble for any or all of these curves to fit more or less closely a set of
imperfect vertical-velocity-curve observations.

There are two methods of obtaining vertical velocity curves with
current meters: (1) The single-meter method, and (2) the multiple-
meter method.  In the former a meter is held at as many points in a
vertical as desired—at each tenth of the depth, for example—for a
time sufficiéntly long to eliminate the effect of pulsations. This
requires one or more hours to a vertical, during which time a perma-
nent change may occur in the mean velocity. In the latter method,
however, thls difficulty is overcome, for enough meters are used snhul-
taneously to give the whole curvé in one operation.

In the vertical-velocity-curve work on St. Clair River, under/the
direction of E. E. Haskell, United States assistant engineer, eleven
meters were used at a time. These were fastened bhetween two cables,
which were attached to a 200-pound sinker at the lower end and to a
drum at the upper end, and operated from a catamaran. The lower
meter was 1.75 feet above the bottom; the other ten were placed at ¢ach
tenth of the depth. Each meter was connected with an electrie reg-
ister, and by means of a switch all of the circuits could be opened in
one operation. The observer, with a stop watch in one hand and; the
switch handle in the other, started the watch and at a given ingtant
closed all of the circuits through the meters and registers. At the
end of the observation he stopped the watch and opened the circuits
at the same instant. One observation of six hundred seconds was
made with the meters arranged as described, and from one to ten
others of one hundred seconds each with the meters arranged in qther
ways in each vertical.

There should be some criterion for the rejection of doubtful olpber-
vations and the grouping of vertical velocity curves. The following
table gives the position of the vertex of sixty-nine vertieal velocity
curves obtained on Mississippi River by Humphreys and Abbot% and
illustrates this need. |

|

l
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Tuble showing position of vertex of vertical velocily curves obtained on Mississippi River.

First series. Second series. Total.

Depth, Number | Number | Number | Number | Number | Number

of of o of of of

verticals.] floats, |verticals.| floats. |verticals., floats.

SUrface «.veveniie i ceeae- 12 63 8 17 20 80
One-tenth... 11 46 1 2 12 48
Two-tenths . 5 5 75 DR R 5 33
Three-tenths. 3 20 1 3 5 23
Four-tenths. .. ... .. oo e 4 9 4 9
Five-tenths. 2 2 1 3 3 25
Six-tenths .. 5 30 1 3 6 33
Seven-tenths 6 18 6 18
Eight-tenths 6 15 6 15
Nine-tenth: 2 5 2 5
57017 70% 1« N s - 2 ) P 1 8
Sum ..l 39 222 30 7 69 297

The vertex of 34 per cent of the curves in the foregoing table is at
or below mid depth of the river. Using all of them the vertex is
three-tenths depth below the surface. This combination of curves so
dissimilar is, to say the least, very questionable. Those in which the
vertex is at or below seven-tenths depth should be rejected, or at least
" not combined with the others, for they are due either to errors or to
abnormal conditions, and should not be used in deriving a general law.

Vertical velocity curves obtained in different parts of the discharge
section for different depths are frequently combined by combining
the velocities at each tenth of the depth. This assumes that the
curves are similar in all parts of the discharge section, which is not
true except in rare cases.

There is very little available data on the change in the vertical
velocity curve with change of river stage. In the data on this point
that have come to the writer’s observation the change in stage is
small and the inference to be drawn not conclusive. The effect of
roughness of bed decreases, while that of slope and hydraulic radius
increases with increuse of stage. The effect of these on the shape of
the curve can only be determined by careful measurements in which
there is a wide range of stage.

.

PULSATION OF MOVING WATER.

Attention has already been called to the fact that one of the reasons
for the difliculty in measuring accurately the veloeity of water is that the
velocity at any given point in a stream is constantly changing. This
is true of both natural and artificial channels of all sizes. Captain
Cunningham, who observed this pulsation of moving water in his
experiments on the Ganges Canal, of India, states that he considers
fifty repetitions with float rods necessary in order to get a good aver-
age value of the velocity in one -vertical of a canal.® J. B. Francis
has made numerous measurements of the velocity with float rods in
a rectangular wooden flume at Lowell, Mass., every precaution being

aProc. Inst. Civ. Eng., vol. 71, p. 8.
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taken to have the usual causes of irregularity of motion suppressed.
The time of run was obtained by the use of an electric telegraph and
a chronograph, and the depth was very carefully measured with a -
hook gage, and yet he found that the velocity shown by these floats
varied from 8.57 per cent above the mean to 11.4 per cent below it.
He says: ¢ Similar and probably greater variations occur in different
parts of the depth from the same cause.”¢ Adam Baum has made
some observations on the variation of velocity in the Rhine near the
Bridge of Constance.? He fixed a current meter in the viver and
noted the time of each 100 revolutions of the meter wheel for a period
of two hours. The results show a continual change in the velocity
for a constant depth of water. He concludes that for an accurate
measurement of velocity it is necessary to extend the observations
over a period of one hour at each point.

Professor Unwin has made some ohservations with a current meter
on the variation in velocity in the river Thames.¢ He noted the time
of each 100 revolutions, and upon plotting the time and the revolu-
tions found that they gave a very irregular curve. The mean of each
500 revolutions, however, when plotted with the corresponding time
gave a rather regular curve. The following are some of the results
of Professor Unwin’s observations: .

Variation in velocity at three points of « vertical of Thames River as found by Unawin.

At 3 me- At 6 me- . .
At 0.5 meter depth; | ters depth;| ters depth; Variation (h‘,‘ ¥ ) «
velocity found from— | velocity | velocity Va .
found found

— —5—————| from 100 from 100 |————

100 revolu- | 500 revolu-| revolu- revolu- [ At 0.5 me-| At 3 me- At 6 me-
tions. tions. tions. tions, l ter depth. |ters depth. | ters depth.
Met. per sec.| Met. per see.}Mct. per sec.| Met. per src,( Per cent. Per cent. Per cent.
1.909 1.877 1.861 1.111 —1.8 +6.6 — 3.6
1.942 1.816 2.030 1.069 —-3.6 -19 + 0.3
1.987 1.846 0.977 —6.0 +2.6 + 8.9
1.942 1.846 1,180 —3.6 —1.9 —10.1
1.861 1.832 1.044 +0.7 —1.9 + 2.6
1.861 1.832 0. 937 +0.7 —3.4 +12.6
1.887 1.823 1.021 —0.7 +4.2 + 4.8
1.861 1,787 0. 993 +0.7 +4.2 + 7.0
1. 861 1.809 0. 977 +0.7 +6.7 + &9
1.861 1.787 1. 094 +0.7 —-19 — 2.1
2 .86 0. 900 —3.6 —6.7 +16.1
1.094 +6.1 —1.9 — 2.1
1.021 +2.4 —4.7 + 4.7
1.150 +8.3 0.0 —10.1
1.079 —3.6 —4.7 - 0.7
1.472 +2.4 +4.2 —37.4
1.993 B 7 O e P

a V=velocity; V, = mean velocity‘.

It is seen that during the period required for the meter to make
1,600 revolutions the greatest variations from the mean velocity at
0.5 meter depth are 8.3 per cent and —6 per cent and at 6 meters
depth +16.1 per cent and —37.4 per cent. The greatest difference in

aTrans. Am, Soe. Civ. Eng., vol. 7, p. 117,
b Proc. Inst. Civ. Eng., vol. 71, pp. 456-459,
<¢Op. cit., pp. 348, 349.
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velocity, as shown by two consecutive 100-revolution periods, ix 12
per cent at 0.5 meter depth and 36.7 per cent at 6 meters depth. A
velocity measurement of 100 revolutions 0.5 meter below the surface
may be in error 8 per cent and one 6 meters below may be in error
37 per cent.

D. F. Henry® has observed this fluctuation in velocity at a given
point in large and in small streams. He says: ¢ The lesser fluctua-
tions have a duration of 30 to 60 seconds and the larger ones from 5
to 10 minutes. = They do not seem to be synchronous with the surface
fluctuations, and are smaller at the surface than at the bottom.”

Harlacher? found the velocity near the surface of the Rhine to vary
20 per cent in a few seconds, and near the bottom he found it to
vary 50 per cent in the same period.

Marr’s simultaneous observations of velocity in the Mississippi -
River at Burlington, Iowa,® with five current meters are described on
pages 49, 50. The following table gives the velocity, as shown by two
of his current meters, one near the surface and the other near the
bottom, for consecutive periods of one minute each. The depth in
the first section is 11 feet, in the second section 27.6 feet, the meter
being 4 feet above the bottom:

Tariation in velocity per minute in Mississippi River at Burlington, Towa.

Simultaneous observations in section No. 1. Simultaneous observations in section No. 2,
Velocity Varia- Velocity Varia- Velocity Varia- Velocity Varia-
1 foot be- tion | 9.1 feet be- tion 3.6 fect be- tion. | 23.6 feet ton
lowsur- | (Ym =V low sur- m — 1_). low sur- (Lg,:l below sur- (‘m;‘_)
face (T17). Vi 7 |face (V). Vo face (V). Vi ‘| face (V). T )
Ft. per sec. | Per cent. | Ft. per sec.| Per cent. || Ft. per sec.| Per cent. | Ft. per sec. | Per cent.
2,242 +2. 1.72 0.0 2.286 +4.8 1.966 + 2.4
+0.9 1.6756 + 2.9 2.353 +1.3 1. 817 + 9.8
+1.1 © 1761 — 2.2 2,437 —2.3 1.985 + 1.5
+2.2 1.744 - 1.2 2. 300 +3.5 2. + 0.3
p +0.9 1.797 — 4.3 2.404 -0.9 2,065 — 2.5
—0.5 1.766 -- 2.4 2.378 +0.2 2,119 — 5.2
2. 0.0 1.772 — 2.8 2.414 —1.3 1.926 + 4.4
2. +0.6 1.819 — 5.5 2.392 —0.4 2.008 + 0.3
3 +3.3 1.712 + 0.7 2,313 +3.0 1,983 + L5
A +2.8 1.644 + 4.7 2. 296 +3.8 2,081 — 3.3
2. 280 +0.3 1.698 + 1.5 2.383 0.0 2.104 - 4.5
2.239 +2.1 1.915 —11.1 2,397 —0.6 2.276 —13.3
2.280 +0.3 1.670 + 3.1 2.420 —1.6 2.092 — 3.9
2.289 0.0 1.775 - 3.1 2.361 +0.9 2,008 + 0.3
2,321 —1.5 1.582 + 8.3 2.278 +4.4 2.047 — 16
2.420 —6.0 1.664 + 3.6 2.445 —2.6 1.848 + 8.3
2.445 —6.9 1.741 — 1.0 2.459 —3.2 2,024 — 1:0
2.308 —0.9 1.717 + 0.5 2.428 —-1L9 2.070 — 2.8
2,333 —2.0 1.800 — 4.4 2. 456 -3.1 1.796 +10.8
2. 264 +1.0 1.695 + 1.7 2. 460 —3.2 2,065 — 2.4
2.327 —1.3 1.812 — 6.1
2.311 —-1.0 1. 689 + 2.0
2.805 —0.8 1.792 — 4.0
2.311 ~1.0 1.627 + 5.7
2.277 +0.4 1,564 + 9.9
2.274 +0.6 1.678 + 2.7
2.292 —0.2 1.731 — 0.4
2.271 +0.7 1.704 + 1.1
2.321 —-1.5 1.698 + 1.5
2.261 +1.1 1.723 0.0
2.217 +3.6 1.767 - 1.9
2. +0.3 1.743 — L1
2,287 |.oeoiioo.. L724 [.oiisllll

aJour. Franklin Inst., vol. 62, p. 323.
b Trans. Am. Soc. Civ. Eng., vol. 12, p. 311.
. ¢ McKenzie, A., Report on Current Meter Observations, Burlington, Iowa, 1884,
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It is seen that in the first section the greatest departures of velocity
from the mean are +3.6 per cent and —6.9 per cent at 1 foot below
the surface, and +9.9 per cent and —11.1 per cent at 9.1 feet below
the surface, or 2 feet above the bottom. The greatest difference in
velocity obtained from two consecutive 1-minute periods is 6 per cent
at 1 foot below the surface and 12.5 per cent at 9.1 feet below the
surface, or 2 feet above the bottom. In the second section the greatest
departures of velocities from the mean are 4.8 per cent and —3.2
per cent at 3.6 feet below the surface, and 4-10.8 per cent and —13.3
per cent at 23.6 feet below the surface, or 4 feet above the bottom.
The greatest difference in velocity obtained from two consecutive
1-minute periods is Tper cent at 3.6 feet below the surface and 13.6
per cent at 4 feet above the bottom. In the first section a velocity
measurement near the surface may be in error 7 per cent and a meas-
urement 2 feet above the bottom may be in error 11 per cent. In
the second section a velocity measurement 3.6 feet below the surface
may be in error 4.8 per, cent and a measurement 4 feet above the
bottom in error 13.3 per cent.

In 1899, while measuring the discharge of the St. Clair River, Mr.
L. C. Sabin, assistant engineer, made some experiments to determine
the pulsations or fluctuations in the velocity of the river at the dis-
charge station. Four meters were used, placed 50 feet apart and at
the same depth. In the first series of observations the meters were in
a line across the river and at right angles to the current; in the second
series they were in a line with the axis of the current. Simultaneous
readings of the four meters were taken every fifteen seconds for sev-
eral periods of ten minutes each. The results were plotted, using time
as abscisse 'and velocity as ordinates, and a carve drawn for each
meter, showing the fluctuations in velocity in each fifteen seconds of
time at four points 50 feetapart. These curves have two sets of waves—
small ones of fifteen to sixty seconds amplitude and larger ones of three
to six or more minutes amplitude. The range of velocity as found from
the large waves is in some cases 35 per cent of the mean velocity shown
by the meter for ten minutes. The curves for two adjacent meters are
at times nearly parallel, but they soon diverge and cross each other
occasionally. The curves for the meters in a line with the axis of the
river resemble one another more closely and are more nearly parallel
than those of the meters in a line across the river. These experiments
indicate that the pulsations are very limited in extent in a direction at
right angles to the current, but that they can be traced for some dis-
tance in the direction of the thread of the current. The whole depth
of the river is affected by them, and their effect decreases from the
bottom toward the surface.

The practical lesson to be drawn from the experiments by Sabin
and others is that velocity observations of short duration are of little
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value unless they are numerous and well distributed over the discharge
area. In order to eliminate the effect of the pulsations, each observa-
tion should extend over a period of from six to ten minutes. Long
single observations and rapid fluctuations of water-surface elevation
require that discharge be found from single observations in compara-
tively few verticals, and that the ratio of velocity at this depth to
mean velocity be known from vertical velocity curves. This empha-
sizes the need of a thorough investigation of the relation between
velocity and depth in a vertical-longitudinal plane and the change in
this relation with change of river stage.

METHODS OF MEASURING AND COMPUTING STREAM FLOW.
WEIRS.

The discharge of a stream can be obtained by causing it to flow
over a weir or dam, the coeflicient of which is known, by the substi-
tution of observed data in a weir formula. Three-sharp-crested or
standard weir formuls are in use, viz, Francis's, Fteley and Stearns's,
and Bazin’s. They differ much in form, and each is derived from
experiments on small weirs with low heads. A hrief discussion of
each formula is here given because of its bearing on the accuracy of
discharge measurements. Bazin has determined the values of the
coeflicient of discharge over weirs of many other shapes of crest, and
the Cornell University experiments of the Board of Engineers on
Deep Waterways have extended the values of the coefficients of a
few of these to the higher heads. Time and space, however, will not
permit more than the mention of them here.® .

The weir is the most accurate method of measuring discharge yet
used for small streams if the coeflicient of the weir be accurately
known. The head on the weir and the velocity of approach are the
only variables, and these can easily and accurately be measured. The
disadvantages are (1) the cost of constructing a weir, or the difficulty
of finding one in use whose shape closely resembles one whose coefli-
cient is known, and (2) the limited range of values of the coeflicient of
a weir of any shape and the limited number of shapes that have been
investigated.

FRANCIS’S EXPERIMENTS AND FORMULA.

In 1852 J. B. Francis made numerous very careful measurements of
the volume of water passing over small weirs and the corresponding
heads at Lowell, Mass.? His measuring tank was a canal lock which
had a capacity of 12,188 cubic feet for a depth of 9.5 feet; the greatest
length of crest was 10 feet; the head on the weir varied from 5 to 19
inches, and was measured with two hook gages 6 faet upstream from

a A discussion of these experiments, which were conducted by George W, Rafter, will be found in
Trans. Am. Soc. Civ. Eng., vol. 44, pp. 220-398. :
b¥rancis, J. B., Lowell Hydraulic Experiments, p. 133,
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the crest; the width of the channel was about 14 feet. Ilis formula,
derived from these experiments, is as follows:

Q=%x0.622 h,(b—5 nh,)v/2 gh,=3.33 (b—1% nhy)h,t.

@ =discharge in cubic feet per second; ~=head on weir, or difference
in elevation of weir crest and water surface; n is a constant whose
value iz 0 when both
ends of the weir are
flush with the sides of
the channel, 1 when one
side onlyjis flush, and 2
when neither side is
flush; g=acceleration
of gravity. (Seefig. 9.)
The head on the weir
should be not less than
0.5 foot nor more than
2 feet, the depth of water in the canal should be at least three times
the head on the weir, and the air should have free entrance under the
sheet. The velocity of approach of the water to the weir must be
measured and the head corrected for it. The formula for this pur-

pose is h,=[(hA+h) —2F], % being the measured head, %, the head

Fig. 9.—Sharp-crested weir.

e
due to th§ velocity of approach = ;5 and V= %—0 © (See fig. 9.)

Hamilton Smith, jr., says of this formula:® Tt stands in the first
rank in reliability.” '

Francis made eighty-eight experiments with two weirs of 10 and 8
feet length, in addition to those to derive his formula, and found that
the greatest percentage difference between his measured discharge
and the discharge computed by his formula was 0.9 per cent for the
mean of two experiments and 0.68 per cent for the mean of eight
experiments; for the other eleven means the difference is less than 0.4
per cent.

FTELEY AND STEARNS'S EXPERIMENTS AND FORMULA.

In 1877 and 1879 Fteley and Stearns®? measured the discharge over
weirs of 5 and 19 feet crest length and the corresponding head on -
weir, from which they derived the following formula for a standard
weir with end contractions suppressed: '

V2

|
2
Q=331 | ht+1535 [—0.007.

@=discharge in cubic feet per second, b=length of crest, ~=head
on weir, V,=velocity of approach in feet per second. (See fig. 9.)

IRR 95—04 3

a Sth,Hami]ton, Hydraulics, p. 93. b Trans, Am, Soc, Civ. Eng. vol 12, p. 1,
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Their measuring tank was a section of the Sudbury conduit having
a capacity of 800,000 cubic feet for an increase in depth of 3 feet.
The head on the weir was measured with a hook gage 6 feet upstream

72
from the crest. The term 1.5;—; corrects for velocity of approach.

The head on the weir must be not less than 0.06 foot, and the air must
have free access under the sheet. This formula is not used as gen-
erally as is that of Francis or Bazin. It wasused by Fteley and Stearns
to compute the discharge of the weir used in their current-meter and
weir comparisons. (See p. 58, 59.) :

BAZIN'S FORMULA.

In 1886 and 1887 Bazin“ made numerous measurements of the vol-
ume passing over weirs having lengths of from 0.5 meter to 2 meters
and the corresponding heads. From these he derived the following
formula for a standard weir with end contractions suppressed :

} 2 o
Q:%/xl: 1-40.55 (p—ll-b :I bha/2gh

0.0148
% (in feet)

and £=0.6075-4

This formula is true for any system of units (feet or meters).
¢/=discharge, b=length of crest, Z=head on weir, p=distance of
crest above bottom. (See fig. 9.) This formula needs no correction
for velocity of approach. The measuring tank was a section of a
rectangular channel 200 meters long, 2 meters wide, and 1.2 meters
deep. The head on the weir varied from 0.05 meter to 0.6 meter.
The air had free access under the sheet. Each of these formuls will
give the discharge to within about 1 per cent if the conditions exist-
ing when the observations on which the formula is based are exactly
duplicated. Discharges computed from any two of these formuls
may differ 8 per cent. )

CURRENT METERS.

If the stream be small, meter measurements are made from a bridge,
if one can be found in a suitable location. Bridge piers, however,
disturb the natural flow of a stream, as well as distort the vertical
and transverse velocity curves and render them of only local appli-
cation. Discharge measurements made where there are piers in the
channel are, as a rule, less accurate than measurements made where
there are no piers to obstruct the flow.

In case there is not a bridge at the desired place, the observer wades,
if the water be shallow, taking observations of depth and velocity at

a Annales des ponts et chaussées, 1888, p. 416,
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as many points in the cross section as desired. If the water be deep
and swift, a cable is stretched across the stream at a convenient
height above the water, and a car or box is suspended from it. From
this car, which is moved back and forth across the stream by the
observer in it, the depth and velocity of the water are measured. If
the current be not swift, a surveyor’s chain or a cable can be stretched
across the stream temporarily and the depth and velocity be measured
from a rowboat at points marked on the chain or cable.

"~ In a large river like the Mississippi, where a steamboat can conven-
iently anchor, a method that has been used satisfactorily is shown in
fig. 10.¢ ~ The boat is anchored in the proper place, and a lead weight of

F16. 10.—Method of using current meter on large river.

50 pounds connected to the anchor is lowered over the stern. A copper
wire is connected to this weight and to the spring pole in the boat,
and the meter is moved up and down on this wire by a rope. The
revolutions of the meter are recorded electrically.in the boat, the cop-
per wire being connected to one pole of the battery and an insulated
wire connected to the meter and the other pole.

On large rivers where boats can not anchor the measurements are
made from a boat towed by a steamboat.? The meter is kept in posi-
tion by two lines of range poles at right angles to each other. The
pilot on the steamboat steers it so as to keep it in line with one range,
while the engineer, with his hand on the steam valve and his eye on

a Jour, Franklin Inst., vol. 62, p. 171. bJour. West. Soc. Eng., vol. 3, No. 3.
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the other range, controls the speed of the boat so that it will remain
in a fixed position.

In a swift current the meter and its sinker will be carried down-
stream a distance depending on the weight of the sinker and the depth
and velocity of the water. There are two methods of treating this
difficulty. One is to apply a special device like that shown in fig. 11

Fic. 11.—Device for holding meter'in place.

to keep the meter in place;? the other is to compute from the weight
of the sinker and the depth and approximate velocity of the water the
additional length of cable to use in order that the meter may sink to
the required depth.? The first is the hetter for streams of ordinary
size. In the device shown in fig. 11 the stay line is attached to the

aTwentieth Ann. Rept. U. 8. Geol. Survey, pt. 4, 1900, p. 20.
bJour. West. Soc. Eng., vol. 4, No. 6.
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meter and is passed over a pulley at the end of the stay pole, its end
being held by an assistant. By means of this stay line and the vertical
cord the meter can be kept nearly in position. Instead of a stay pole
a wire cable is sometimes used to keep the stay line in place.

POINT AND INTEGRATION METHODS.

There are two methods of using a meter in a cross section, as fol-
lows: (1) The point method, in which the meter is held at certain
points in the cross section for a stated period of time, usually fifty
seconds, and the number of revolutions of its wheel during that
time are carefully observed, either by counting the clicks of a
buzzer or reading a register; and (2) the integration method, in
which, instead of holding the meter at certain points, it is moved
with a uniform speed through the section, the time and number of
revolutions being observed as before. The point method is the more
accurate if sufficient observations are taken in the section. The
velocity found by the integration method is the resultant of the
velocity of the water and that of the meter as it is carried by the
observer, and must always be greater than the true velocity. The
error increases with the speed of the meter, and also increases as
the velocity of the water decreases. When the point method is used
the meter may be held at several points in certain verticals, in which
case we will call it the ordinary method; or it may be held at the
surface, at mid depth, and at the bottom in certain verticals, and the
discharge be found from these (see Moore’s method, p. 46); or it may
be held at the surface and the bottom only in several verticals, and the
mean velocity be found from these; or it may be held at three-tenths,
at six-tenths, or at mid depth in certain verticals, and the mean velocity
be found by applying a factor. The three-tenths-depth point ¢ is used
because it is said to be the point of maximum velocity in a vertical,
and a small error in the position of this point will not affect the result
much. The mid-depth point? is employed because the factor which is
used to obtain the mean velocity is more nearly constant for it than
for any other point on a vertical curve. The six-tenths-depth point¢
is used because it is believed to be the depth of the thread of mean
velocity.

In the integration method the meter may be moved down several
times in certain verticals only, as used by Harlacher,? or across the
stream at a given depth, as used by Price on the Mississippi River at
Carrollton, La.,® or diagonally across from one side to the other at the
same time that it is moved from the surface to the bottom several

a Jour, West. S8oc. Eng., vol. 3, No. 8.

b McKenzie, A., Report on Current Meter Observations, Burlington, Iowa, 1884.
¢ Proc. Inst, Civ. Eng., vol. 71, p. 60.

dIbid., vol. 67, p. 358. -

e Jour, West. Soc. Eng., vol. 2, No. 3.
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times, as used by the writer and others. Harlacher’s apparatus for
moving a meter with a uniform velocity is shown in figs. 12 and 13.
The meter /3 is moved up or down on the iron tube 44 by the rope
D attached to the drum #. Z'is a bracket holding the pulley e. &
is an arm supporting the drum #] and # (fig. 13) is a dial on which is
registered the depth. The fan £, (fig. 13) and the gearing f; regulate
the rate of motion of the meter; #, is a crank lever for raising the
meter, and f; a ratchet wheel for arresting the motion. 7 (fig. 12) is
an electric battery, and A (fig. 12) is the
registering apparatus. .

When accurate results are desired the
meter should be held with a rod, if the
depth be not too great, in which case it is
not free to turn sidewise, but keeps its axis
parallel to the axis of the stream and can
be placed close to the bottom. Ordinarily
it is held with an insulated wire, and is free
to take the direction of the water at the
point where it is held.

COEFFICIENT WORK.

1 Coeflicient work in river gaging consists
—— — of obtaining the ratio of the velocity at any
point in the depth of the stream (called the.
index point)—as, for example, the three-
— tenths-depth point—to the mean velocity
in the whole depth. When this ratio or
coeflicient is known for a vertical, the mean
velocity in that vertical can be found by
making an observation at the index point
and applying the coefficient.
Let €, C,, C,, ete., be the coeflicients for
Fia. 12—Harlacher's apparatus for  the component parts, 7, 77, I, ete., of the
velooity. meter with uniform  qischarge arvea %3 V,, V,, Vi, etc., the ob-
served velocities at the index points of these
areas; and ¥ the mean velocity for the whole discharge area. The
discharge Q=FV=0C L V+CFEV,+CL, V4 . ... el (1).
A value of each of these coeflicients can be found for each foot
variation of river stage. The discharge of the stream is then com-
puted by equation (1) from observed values of V,, V,, V;, ete., at the
index pcints, using the set of values of the coefficients which corre-
spond with the observed river stage.
Coeflicient work can be done with one current meter, but it can be
done more rapidly with two or more meters. When two meters are
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used, one is placed at the index point and the other is held for several
minutes at as many points in the vertical as desired, and simultaneous
readings of the two meters are obtained at each point. The two meters
are occasionally held at the same depth and relative readings of the
meters are obtained. A chart can be prepared from the ratings of
the meters in still water which will give the velocity ratio from the
simultaneous readings of the two meters. For example: The index

[

llllll!

ll.llllll

1

F16. 13.—Details of Harlacher’s apparatus for moving a meter with uniform velocity.

meter at three-tenths depth indicates 2.34 revolutions per second.
The other meter, at eight-tenths depth, indicates 2.05 revolutions pexr
second. The chart, shows the velocity ratio for these meter speeds to
be 0.89. - From the velocity ratio at each tenth of the depth the ratio
of the mean velocity in the vertical to the index velocity, or C, is
found.
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On account of the rapid changes of surface elevation of large
streams, this coeflicient method of _gaging is better and more accurate
for such streams than the slower one in which velocity observations
are made at several points in each vertical.

RATING OF METERS AND CONSTRUCTION OF RATING TABLES.

The accuracy of a discharge measurement depends largely on the
accuracy of rating the meter used. KErrors of observation are as
likely to be too large as too small, and are compensating. Errors ina
rating table always have the same sign and are cumulative, hence they
should be eliminated or reduced to a minimum.

There are two kinds of rating of a current meter—absolute and
relative. From the former the absolute velocity at a single point is
found; from the latter the ratio or coefficient of velocity at any two
points is found. The former is usually employed in still water; the
latter in running water.

Four methods have been used for rating meters: (1) By the use of
surface floats; (2) by moving the meter through still water with a
known velocity; (3) by observing velocity at many points in a cross
section and comparing this with the known mean velocity; and (4) by
attaching the instrument to a long arm and revolving it about a ver-
tical axis in a body of still water. The second method is the one now
universally used. The meter is suspended from a car or a bhoat and is
moved with a uniform velocity through still water at a depth of 2 or
more feet below the surface. The length of a run varies from 100 to
300 feet, with a starting run sufficient to allow the meter wheel to
reach the proper speed before entering the run. It is moved across
and back over the run to eliminate the effect of velocity in either
direction. The rating equipment should be such as to give time of
run to the tenth of a second and speed of meter to the tenth of a revo-
lution (a chronograph recording time, revolutions, and the instants of -
beginning and ending the run should meet this requirement).

The range of velocities employed in rating should be those for which
the meter is to be used. If it is to be employed mainly to measure
low velocities the speeds in rating should be low. The rating table
should not be extended beyond the limits of velocity used in the
rating. :

The relation between distance passed over by the meter and the
corresponding revolutions of the meter wheel is often assumed to be
a straight line. Itis always a curved line, and must be so on account
of friction of bearings and inertia of moving wheel. A velocity of
‘from 0.1 to 0.5 foot per second is necessary to start the wheel. As the
velocity increases the effect of friction and inertia becomes propor-
tionately less and the curve approaches a straight line. The relation
between velocity and revolutions of wheel, per second, is of the second
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degree and concave to the axis of velocity. For vélocities of 2 or
more feet per second this curve differs little from a straight line.

The results of the rating are usually plotted on squared paper,
using revolutions per second as ordinates and velocity as abscissw,
and all observations that fall much from a well-defined line are
rejected. If this line be nearly straight between the limits of the
observed revolutions its equation is assumed to be of the form
y=a-+bx, y being velocity, # revolutions per second, and @ and 4 con-
stants. If the resulfs indicate a curved line its equation is arsumed
to be of the form y=a+bx+cx®. There are two methods of pre-
paring the rating table from the observations. The first method is
rapid. The most probable curve is drawn among the plotted observa-
tions, and the velocities to tenths of a revolution are read from the
curve. In the second method the equation of the most probable
relation is derived by the method of ‘‘least squares” and then the
table is prepared from the equation. The writer has found it better
to plot values of  and the ratio of ¥ to # (see fig. 29, p. 89) instead of
2 and y. The reason is that the ratio y to # changes rapidly as
increases and can be read more accurately from this curve than
from a nearly straight line. It can be shown mathematically that
these curves are approximately branches of hyperbolas.

The second method, which is to derive the equation of the most
probable relation between velocity and revolutions by the method of
“least squares,” first rejecting the observations that fall much out-
side of a well-defined curve, is the most accurate, but it requires the
most time. If the meter is to measure low velocities to within 1 per
cent, the second method must be used. It gives n observation equa-
tions of the form y—a—bxr=w» if the relation be linear, or y—a——bar—
cx®=w if it be parabolic. @ is a small quantity called a residual, or a
residual error. Its value would be zero if the observations were per-
fect. According to the principle of least squares, the best values of
the constants are those that make the sum of the squares of the resid-
uals a minimum.

Squaring each of these n equations and adding, we have
2t=v o +ot+ . L =Y —a—bd — Py —a—ba)' — /T

' +[y”,—(t—b%”’+a’1§l"2]2+ .
Taking the first derivative of this equation with respect to a, b, and ¢
and placing these equal to 0, we have

= 7 )

d( (ZZ ) =9 [y —a—ba! —ca*| —2 [y —a—ba/ —cal™] . . . . =0
2 , , , .

dgy =% [y—a—bw —ca*] —22" [y’ —a—ba' —c/™} . . . =0
ot o , 1o V ot ' .

d-g; =—2" [y —a—ba' —ca’*| =22 [y —a—b' —c/*}) . . . =0

From these normal equations the values of «, b, and ¢ can be found.
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For the linear function these equations become two in number and

have the form
aZe+b2rt= 2wy
na+b62p =2y

and @ and b are found from these equations. : ,

This relation between revolutions per second and velocity, whatever
it may be, is not constant. Below are given the ratings of a Price
meter, obtained by J. C. Bailey, United States assistant engineer:*

Results of four ratings of a Price meter used in 1892 on Niagara River.

Number - Meter coefficients.
Date. of obser-| Velocity, |————————— Remarks.
vations. S a b
Ft. per sec.
20 2.5t07.3 4.239 | +0 Still-water; base 150 feet long.
34 2,1t086.7 4,256 | +0.061 Do.
49 1.7t0 7.7 4.046 | +0.207 Do. .
43 2.0t08.0 4,130 | +0.067 | Still water; base 300 feet long.
4.168 | +0.0848

Values computed from two ratings of current meter on April 29 and May 4, 1892.
[April 20, 17=4.256R+0.061; May 4, T5=4.046R+0.207.]

.
R 15 T Tp— T4 i 1
0.05 0.274 | 0.409 0.135 0.314
0.10 0,487 0.612 0.125 0.204
0.15 0.699 0.814 0.115 0.141
0.20 | 0.912 1.016 0.104 | 0.102
0.25 1.125 1.219 0.094 | 0.077
0.30 1.338 1.421 0.083 | 0.068
0.35 | 1.551 1.623 0.072 | 0.044
0.40 | 1.763 1.825 | 0,062 0.034
0.45 1.967 2.028 0.052 0.026
0.50 2.189 | 2.230 | 0.041 0.018

The foregoing table shows that if on May 4 velocity measurements
had been made from 0.05 to 0.50 revolution per second and the rating
table of April 29 had been used the results would be in error from 1.8
per cent to 31.4 per cent. It is true that neither set of valuesof ¢ and
b was determined for low velocities. This, however, emphasizes the
fact that values of @ and & found for high velocities may be greatly
in error for the low velocities if the linear relation is assumed. These
four ratings of a meter in less than one month show considerable
variation in the values of @ and b, and indicate that when a meter is
in constant use its rating should be exalmned once a week if accurate
work is required.

A rating table that gives velocity to only two places of decimals is
not sufficiently accurate for low velocities. To illustrate this we will
take the case of the rating table of small Price meter No. 863, rated
at Chevy Chase, Md., June 26, 1900. The velocity corresponding with
0.05 revolution per second is given as 0.17 foot per second. This may
mean any value from 0.166 foot per second to 0.174 foot per second.
This is 2.12 per cent of 0.17. Hence if the computed revolutions

a Engineering News, vol. 29, 1893.
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were either 0.166 or 0.174 the error introduced by using this rating

table would be 2.12 per cent.

other velocities given in this rating table. :
per second it may be in error nearly 2 per cent if found from this table.

Table showing gre

Revolu- Error Revolu- Error
tions per | Velocity. 0.004, tions per | Veloeity. 0.004,
second. T second. V

Ft. per sec.| Per cent. Ft, per sec.| Per cent.
0 0. 6. 0.25 0.63 0.6
0.05 0.17 2.4 0.30 0.75 0.5
0.10 0.29 1.4 0.35 0.86 0.5
0.15 0. 40 1.0 0.40 0.98 0.4
0.20 0.52 0.8 0.45 1.09 0.4

The following table shows the error for
If the velocity be 0.25 foot

atest percentage error in rating table of small Price meter No. 363,
which gives velocity to only two places of decimals.

Darcy and Bazin employed the first three methods to rate the Pitot
tube which they used in their hydraulic investigations on canals.®

Fig. 2, page 19, shows this instrument as they used it.

A discussion

of the results of the ratings is given here on account of the light they
throw on accuracy tests.

Results of Pitot tube ratings by Darcy and Bazin.

First method. &

Second method. ¢

Third method.d

No. of Num.’ Designation
et | Value | 0 || Veloc- | Value tl:]el;n(}f of experi- | value | Mean Channel.
ori. | Ofcoef-| i || ity of | of coef-| ol L ment. of coef- | veloc-
Bent. | fictent., |SXPE boat, | fietent. | SXPEI | fcient. | ity. -
) . * || Series. | No. Shape. | Width.
Meters Meters. Meters.
2 0,987 8 0.669 1.040 2 51 1 1.021 0.508 (e) |0.8
3 1.024 8 0. 692 1.053 1 51 2 1.010 0.768 (e) |0.8
4 0,981 8 0.785 1,032 3 51 3 1.018 1.028 %t’) 0.8
5 1.013 8 0.938 1.033 1 52 1 1.029 0.376 e) |0.48
6 1. 006 8 . 980 1.040 3 52 2 1.000 0. 542 (e) |0.48
7 0. 988 8 1.120 1.015 1 52 3 1. 006 P.694 e) |0.48
8 1.012 8 1.231 1.028 1 58 4 1.005 1.429 e) | 1.9%4
9 1.008 4 1.333 1,032 1 59 4-1 0.969 2.318 §e§ 1.994
10 1,008 4 1.385 1.048 1 60 2 0. 968 2.571 e 1,994
1 1. 009 4 1. 470 1.029 1 61 4 0. 966 1.267 (F) §1.9%
12 1.007 4 1.500 1.040 1 62 4 0. 965 1,979 Ef) 1.994
13 1.015 4 1.611 1.033 2 63 3 0. 988 2.199 7) 11,994
14 1.039 4 1.661 1.027 1 64 1 0.99 0. 856 (f) |1.994
15 0.994 4 1.775 1.042 1 64 2 0.988 0.948 (f ; 1.994
16 1. 007 4 1.819 1.081 3 65 4 0.978 | ,1.511 ) 1.994
17 1.023 4 1.863 1.027 3 66 1 1.016 1. 464 (f; 1.994
. 1.930 1.039 i 66 2 0. 984 1.675 [na 1.994
1.9 1.025 4 68 4 0.976 1.497 g) | 1.984
2.0 .0 1 71 6 0. 968 1.810 k) | 1.40
72 5 1.017 1.679 (=) | 1.40
73 4 0. 967 1.612 (h) | 1.40
I 4 | 1014 | 1,229 () | 1.40
84 2 1.014 1.033 s‘) 1.990
84 3 0.984 1.246 i) 1 1.990
85 1 0.998 1.011 |- (iz 1.990
85 2 0.997 1.218 (4 [1.990
85 | 3 | 0.990 | 1.473 i) | 1.99
88 1 0,995 0. 894 iy 1 1.990
88 | 2 | 0986 | 0.921-| (&) |1.99%
88 3 0. 980 0. 956 )] 1.990
83 4 0,993 1.010 i) 1. 990
1.006 1.034 0.993

aDarcy and Bazin, Recherches hydrau-

liques, 1865, pp. 63—70.
bBy surface floats.
¢In still water.
dIn moving water.

eRectangular covered wooden channel.

f Rectangular open wooden channel covered with cloth.
g Trapezoidal open wooden channel covered with cloth.
h Semicircular.
i Rectangular.
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In the first method the floats were run over a distance of 40 meters
and the tube was held with its point 0.02 meter below the surface of

the water. ¢ is found from »= C’\[ 2g%l , 2 being known from the

floats. In the second method the tube was fastened in front of a
boat and was drawn through still water at different observed. veloci-
ties. In the third method the instrument was held at many points in
a cross section of an experiment canal 2 meters wide the mean veloc-
ity in which was known, and the mean velocity as shown by the
tube was computed.
It is seen that the three values of ¢/ found by these three methods
‘differ somewhat, although each is the mean of many observations.
The value found by the second method (the one now commonly used)
is the largest of the three, and is rejected on account of the action of
the boat on the instrument. The pull on the boat as it was drawn
through the water tipped the point of the tube down slightly, making
its indications less than they should be and making €' too large. By
the first method the mean of experiments Nos. 2 to 8 is 1.0016 and
the mean of experiments Nos. 9 to 17 is 1.0122. The difference
between these is nearly 1 per cent of the former. The greatest vari-
ations from the mean of all the observations by the first method are
+1.8 per cent and —2.5 per cent. The value of ¢ found by the third
method is 0.993, obtained from thirty-one measurements of discharge
of the experiment canal. The tube was held ‘at many points in the
cross section. The variations from this mean are +3.6 per cent and
—2.8 per cent. Darcy uses the mean of the values found by the first
and third methods, which makes ¢'=1. The extreme variations from
this mean are 4-3.9 per cent and —8.5 per cent. The velocity of the
water during these ratings varied from 0.5 to 2.5 meters per second,
or from 1.64 feet to 8.20 feet per second.

FORMULZE FOR COMPUTING DISCHARGE.

The discharge is a function of the cross section and velocity. Each
of these factors must be measured at a sufficiently large number of
points in the cross section to give the required degree of accuracy.

For streams from 5 to 10 feet wide the depth should be measured
at each foot of width; for streams from 10 to 30 feet wide, at each 2
to 5 feet of width; for widths from 30 to 100 feet, depths should be
measured at each 5 to 10 feet, and for widths greater than 100 feet, at
each 10 to 25 feet, depending on the width and unevenness of the bed.

The general formula for the discharge per second is

Q=F,V,+F,VA+FV+ ... FV @

I, 7, K, etc., are the component parts of the cross section, and
V, V,, V,, ete., the mean velocity in each of these parts. If the
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width of these component parts is & and the mean dépth in each is
d,, d,, d,, this formula can be written

Q=0 (Va4 T,d+Td+ .. ... ) 2)

If d=d,=d,..... , that is, if the channel is rectangular in cross
section, then formula (2) becomes

Q=bd (T +V,+ T+ ..... ). 3

The mean velocity of a component area may be computed from
observations at its ends or at itscenter. Occasionally two consecutive
component areas are considered together and the mean velocity for
the double strip computed from observations at the ends and center of
it. The mean velocity in a vertical is found'(1) from a single observa-
tion at same depth by applying a coeflicient, as a mid-depth velocity
observation multiplied by 0.95, or a six-tenths-depth observation multi-
plied by unity, and (2) from a vertical velocity curve. The latter, as
already explained, is found from numerous observations at points in
the depth, and the mean velocity in this vertical is then the area
inclosed between the vertical curve and a vertical line representing no
velocity divided by the depth. Harlacher’s method of integrating® in
a vertical gives each component velocity very readily and quickly; any

component velocity isR—O, R being the observed revolutions, 7 the

observed time in seconds, and (' the number, which changes from
revolutions to velocity.

In measuring the discharge of a large river the component veloci-
ties are always found from an observation at some given depth and
the use of a coefficient. As the depth or stage of a river is almost
constantly changing, it is necessary to make the velocity observation
in a short time—one or two hours at most. The value of the coeffi-
cient to use to reduce observed velocity at any depth to mean velocity
in that vertical should be found from measurement if possible.

The discharge measurements of the Niagara River made in 1897
and 1898 by the United States Board of Engineers on Deep Water-"
ways® from the international bridge 8 miles below the head of the
river were computed from velocity observations at three-tenths
depth, using coeficients whose values were found from vertical velocity
curves. The meter stations were about 80 feet apart and were at the
middle of each half span of the short spans and at the middle of each
one-third span of the long spans. The value of the coefficient for
reducing observed velocity to mean velocity ranged from 0.61 to 1.17,
being influenced by the piers of the bridge.

The whole cross-section area can readily be computed from the
formula: «

F:g—[dl—i—i (@ dtdot . +da )2 et dot . . +d)Fdas]. . @)

a Proe. Inst. Civ. Eng., vol. 67, p. 358. b Jour. West. Soe. Eng., vol. 4,No. 6.
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d,, d,, ds, etc., being depths and & the distance between the points
where the depths are measured; » is the number of component areas
and should always be an even number. This formula is based on the
assumption that the bed is a parabolic arc between each double com-
ponent area. '

When n=2, this formula gives the area of two consecutive com-
ponent areas and becomes:

P @A A )= (At b d) ()

e heing equal to 25.
A somewhat simpler formula for the area of two consecutive com-
ponent areas is:

F= (A;—Clz—k(l‘"’_gds)b:%(dl—{—ﬁdﬁ—da . (®)

T. V. Moore in his discharge measurements of the Thames? assumed
the vertical velocity curve to be a parabola, and computed its area

from the formula A:%[ Vi1Vt T3], & being the depth, 17 the sur-

face velocity, 17, the velocity at mid depth, and 7, the bottom velocity.
The discharge per second flowing between the end sections he com-

puted from the formula I’zg[EA1+4EA2—I—2EA3], % being the

distance between the consecutive sections, =4, the sum of the two end
sections, 2 4, the sum of the odd sections, and =4, the areas of the
even sections. The discharge is found by adding to this the small
volume flowing between each end section and the shore.

T. G. Ellis, in computing the discharge of the Connecticut River in
1874, multiplied the velocity at mid depth in each component area by
0.95 to find the mean velocity in that area.’ In computing the dis-
charge of the Mississippi River in 1882 the velocity at mid depth in
each component area was multiplied by 0.91 for the observations taken
‘when the river was covered with ice, and by 0.96 when free from ice,
to reduce the mean velocity in a vertical.© From 1885 to 1887 the
velocity at six-tenths depth was observed in the component areas, and
this was taken as the mean velocity in each area.

Harlacher’s method of computing flood discharge where the surface
velocity only could be measured is illustrated in fig. 14.¢ The surface
velocity was measured at a sufficient number of points (1, 2, 3, etc.)
in the cross section ACRB to determine the surface velocity curve
ADB. The line ACB shows the depth at each point and is plotted
from soundings taken immediately before or after the flood.

The openings between Z'/ and ¢7H are bridge piers, the measure

« Proe. Inst. Civ. Eng., vol. 45, p. 220, ¢ Jour. West. Soc. Eng., vol. 3, No. 3.
b Trans, Am. Soc. Civ. Eng., vol. 4, p. 803. d Proc. Inst. Civ. Eng., vol, 91, p. 899.
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ments being made from a bridge. The product of the surface velocity
o, and the corresponding depth # is found for a sufficient number of
points, depending on the irregularity of the bottom, and the curve

N Y

Fie. 14.—Diagram illustrating Harlacher’s method of computing flood discharge.

AEFGIIB drawn. The discharge per second is the area between the
line .12 and the curve' A ZF'G' HB, less the piers, multiplied by 0.85.

COMPARISONS OF RESULTS WITH DIFFERENT INSTRU-
MENTS AND METHODS.

SURFACE FLOATS AND PITOT TUBE.

On page 43 we have given the results of three ratings of a Pitot
tube by Darcy and Bazin.¢ In the first method the surface velocity
was found from surface floats and a Pitot tube, as already described.
Ninety-two experiments were made. The results are combined, accord-

_ing to velocity, into seven groups of eight experiments each and nine
groups of four experiments each. The value of the coefficient as found
from the first seven groups differs from that found from the mean of
the last groups by about 1 per cent. The extreme variations of these
individual means from the mean of all the experiments are — 1.8 per
cent and 4 2.5 per cent. The individual values of the coefficient are
not given. Their extreme variation from the mean of all must be at
least twice that of the individual means from the general mean.

PITOT TUBE AND RECTANGULAR ORIFICES.

On page 43 are given the results of a third rating of a Pitot tube
by Darcy and Bazin (third method). This is also a comparison of the
discharge of a canal 2 meters wide, as found from rectangular orifices
and as found from numerous velocity measurements in a cross section
of the canal with the same Pitot-tube. The discharge of the rec-
tangular orifices admitting water to the canal was determined by

a Darcy and Bazin, Recherches hydrauliques, 1865, pp. 63-70.



48 . ACOURACY OF STREAM MEASUREMENTS. [vo. 95. -

experiment for different heads on them. The number of velocity
measurements in each experiment or discharge measurement varied
with the depth of the water in the canal, being from twenty-seven in
the smallest channel, which was 0.30 meter by 0.48 meter, to ninety-
one in the canal 2 meters wide. The points of measurement were
nearest together where the velocity changed most rapidly. The results
of thirty-one discharge measurements are given, the mean velocity
varying from 0.38 meter to 2.57 meters per second. The extreme vari-
ations from the mean of all the values of the coefficient are + 3.6 per
cent and — 2.8 per cent.

DOUBLE FLOATS AND CURRENT METERS.
ELLIS'S EXPERIMENTS.

In 1874 T. G. Ellis made numerous velocity measurements on the Con-
necticut River at Thompsonville, Conn., with current meters and with
double floats like that shown in fig. 1, p. 15.¢ Vertical velocity curves
were obtained in planes parallel with the axis of the river and 100 feet
apart, with the meters and with the floats. Each of these curves was
plotted on cross-section paper and divided into tenths of the depth.
All of the curves in which the mean velocity was less than 1.86 feet
were combined by combining all the observations at each tenth of
depth; all in which the mean velocity was more than 1.86 feet were
combined in the same way. From the resultant vertical velocity
curves the results in the following table are taken:

Comparison of velocity by double floats and current melers from measurements by T. @.
Ellis on Connecticut River in 1874

Mean velocity, in feet per second, at various depths.

Mean Varia-

sur- ) Bot- tion.
face,| 01| 02| 0.3} 0.4/ 05| 0.6| 0.7| 0.8 0.9/, "

Observations.

Meter (av. veloci- P.ct.
tylessthan)1.86.| 1.15 | 1.19 | 1.22 | 1.22 | 1.19 | 1.14 [ 1.11 | 1.03 [ 0.94 | 0.79 | 0.46 | 1.063
Float (av. veloci- 25.8
tylessthan)1.86.| 1.50 | 1.52 | 1,52 | 1,53 | 1.49 | 1.46 | 1.35 [ 1.29 | 1.20 | 0.97 | 0.58 | 1.337
Meter (av. veloci-
ty more than)
............. 2.96 [ 3.08 |3.12 1 3.06 | 2.99 | 2,91 | 2.78 | 2.62 | 2.42 | 2,16 | 1.47 | 2.735
Float (av. veloei-

ty more than) 57
1.86. . ccceannnns 8,26 | 3.24 | 8.17 | 8.17 | 3.11 | 3.01 | 2.94 { 2.80 | 2,60 | 2.35 | 1,78 | 2,801
All meter obser-
vations......... 2.06 212215218208 201]1.93|1.81|1.671.47|0.96 | 1.887
All float observa- 12,00

tions............ 2,33 (2,382,835 2.35(2.30]2.23)215|204|1.90|1.601.18 | 2.114

It is seen from the foregoing table that the velocity as found with
the meter is from 6 to 26 per cent less than that found with the floats,
and that the difference between the'meter and float velocities increases
as the velocity decreases.

aRept. Chief Eng. U. 3. A,, 1878, Appendix B.
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Ellis gives also the following values of the ratio of mean velocity in
a vertical (V) to mid-depth velocity in that vertical (73 0) and the’
ratio of distance below the surface of mean velocity (m) to total
depth (D).

Mean ratios from wvertical velocity curves obtained by Eilis on Connecticut River in 1874.

Observations. Vm-+ViD m+D
Meter at low velocities. ... ... i i 0.933 0.656
Floats at low veloeities .. ... .. i 0.918 0.622
Mean of low veloeities. . ... .. iiiiicieaaaas 0.930 0.652
Meter at high veloeities. ........o it iieeeeeeieeaannns 0.939 0.628
Floats at high velocities ....... .. .. i i i, 0.961 0.637
Mean of high velocities. .. ... . . . i 0.944 0. 629
Mean of meter measurements. . . e ereeieeereneaeaaa 0.937 0.638
Mean of float measurements .. ...l 0.947 0.632
Mean of all MeaSUremMentS. . ...vu.eui et iitaaenariaeraaaaaaeerraaaaas 0,940 0.636

From the foregoing table it is seen that% varies from about 0.92
to 0.96 and % from 0.62 to 0.66—about the same range of values.

MARR'S EXPERIMENTS.

In October, 1879, G. A. Marr made simultaneous velocity measure-
ments of the Mississippi River at Burlington, Iowa, with double floats
.like those shown in fig. 1 and with five current meters.® The river
where measured was about 2,000 feet wide, and the path of the floats
was near the center, where the depth was about 16.4 feet. Ten floats
were run in succession in a period of about twenty-five minutes over
a distance of 200 feet, and the time of entering and leaving each
quarter of the run was recorded on a chronograph of eight pens. The
five current meters were fastened to a cable held vertically 16 feet
below the end of the run. One meter was at mid depth (the depth of
the lower float), and the other four were arranged two above and two
below it, so as to divide the depth into equal parts.. One pen of the
- chronograph recorded the time of passage of each float, two recorded
the time as shown by a chronometer, and the other five recorded the
revolutions of the five meters. From a table giving the velocity of
each float over each quarter of the run and the velocity shown by each
of these meters during the time of passage over these distances the
following table has been prepared.

aMcKenzie, A., Report on Current Meter Observations, Burlington, Towa, 1884,
IRR 95—04—4
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Comparison of velocity by double floats and current ieters from measurements by G. A.
Marr on Mississippi River at Burlington, Towa, October, 1879.

Mean velocity found Mean velocity found
{rom 200-foot run. . from 50-foot run. .
Number lefererlce - Dlﬁerenge
of float. | poay Meter | (Ym—= V7| Float Meter | (Fm)—¥7)

(Vp)- (Fin)- (¥p)- (V).

Ft. sec. | Ft. per sec. | Ft. per sec. | Ft. per sec. | Ft. per sec.| Ft. per sec.
o p2.604 2. 660 2, 597 —0.063

2.543 +0. 061

2,741 2.546 —0.195 2,976 2.657 —-0.319
2,634 2.520 —0.114 2.674 2. 630 --0.044
2.416 2,435 —0.011 2.456 2.481 +0.025
2, 850 2. 468 —0.382 2.847 2. 590 —0.257
2.672 2.700 +0. 028 2.778 2.649 —0.129
2,514 2,545 +0. 031 2.674 2.484 —0.190
2,832 2. 457 —0.875 2. 857 2.749 —0.108
2.476 2.626 +0.149 2.569 2.821 +0. 2562
2.829 2,758 —0.071 3.012 2.823 —0.189
2.654 2.566 |.coaennannn. 2,750 2,648 f..a.l

In the foregoing observations the velocity of a float was not the
same over each 50-foot length of the run. Each velocity given in the
second column is a mean for the whole run of 200 feet, and the meter
velocity in the third column is for the time of the full run. The
velocity in the fifth column is for the fourth section of the run, and
the corresponding number in that column is the meter velocity for the
next consecutive and equal interval of time. The chief thing to be
noticed is that the float velocity, whether computed from the whole
run of 200 feet or from the shorter run of 50 feet, is greater than the
meter velocity by about 8.5 per cent. We may note also that we have -
here forty mid-depth velocities in nearly the same vertical taken in
about twenty-five minutes. = For the ten found from the floats on the
long run the variations of velocity from the mean are from —7.4 per
cent to 4-7.8 per cent, and for the short run of 50 feet the variations
are from —9.5 per cent to +10.7 per cent. For the meter long run
the variations are from —7.5 per cent to +12.1 per cent, and for the
short run from —6.5 per cent to +6.3 per cent.

Individual measurements of velocity by either of these methods
differ much from the mean, but the means by the two methods differ
little from each other. The excess of mid-depth velocity by double
floats over that by meter may be due to the upper float dragging the
lower one. ‘

HENRY’S EXPERIMENTS.

D. F. Henry also gives a comparison of velocity measured with
double floats like the one shown in fig. 1 (p. 15) and with current
meter, made on St. Clair River in 1869.¢ The results of the compari-
son are given in the following table:

aJour. Franklin Inst., vol. 62, p. 822, -
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Comparison of velocity by double floats and current meter from measurements by D. F.
Henry on St. Clair River in 1869.

. Depth of Velocity of current.
Number | Direction and | observa-

of obser-| velocity of | tion be-
vations. wind. lo}v sur-| Floats. Meter. | Difference.
. ace.

Miles pér hour. Feet. Ft. per sec. | Ft. per sec. | Fi. per sec.
1 8. 655 03

3.619 3 —0.036
5 3.759 3.783 --0.024
10 3.703 8.674 +0.029
15 3.590 3.516 +-0. 07
20 3. 598 3.406 +0.193
25 3.637 3.441 +0. 196
30 3.546 3.279 +0.267
35 3. 566 3.166 +-0.390
40 3.636 3.142 +0.494
45 3.542 2.985 +4-0. 557

It is seen that the float velocity is less than the meter velocity to a
depth of about 5 feet. Below that depth the float velocity is greater
than the meter velocity, the difference increasing with the depth. The
discharge as found with the floats is 10 per cent greater than that
found with the meter. While the action o' the upper float on the
lower float may not account for all the difference between the float
and meter velocities, it will account for some of it. The velocity as
shown by the vertical velocity curve increases from the surface to a
depth of from 5 to 10 feet and then decreases to the bottom. The sur-
face float will therefore move more slowly than the lower float for
depths of from 0 to 5 or 10 feet, and hence the lower float will be
retarded by the upper float to that depth. For depths greater than
10 feet the upper float will move faster than the lower float and will
drag it, and the velocity shown will be too large.

Henry gives also a compauson of velocity as found w1th double
floats and current meter in a small canal at Ogdensburg, N. Y. The
floats were run over a distance of 200 feet at 3 feet below the surface,
the time being recorded on a chronograph. The current meter was
beld at the same depth at the middle of the run. The results are as
follows:

Comparison of velocity by double floats and current meter from measurements made by
D. F. Henry in smail canal at Ogdensburg, N. Y., 8 feet below surface.

Number Velocity.
of obser- i .
vations. | Floats. Meter. |Difference,

Ft. per sec. | Ft, per sec. | Ft. per sec.

... 1.992 1.980 | —0.012
6.7, 1.876 1.916 | +0.040
6.0 1.476 1,434 |  —0.042

These results indicate that although the mean of a few float obser-
vations may differ much from the corresponding meter velocity, the
means for thirty or forty observations differ little. The meter gives
a little less velocity than the floats.

ajJour. Franklin Ing* vol. 62, p. 259.

Ry
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Henry also gives a comparison of velocity found with floats and a
propeller meter in St. Clair River. The lower float was 1 foot below
the surface, and the meter was held at the same depth. The mean
velocity given by 50 floats was 3.619 feet per second; that by meter
was 3.655 feet per second, or 0.036 foot per second greater than by
floats. There was a light wind blowing upstream, which may have
retarded the floats somewhat.-

GORDON’S EXPERIMENTS.

In 1873 Gordon made comparisons of the discharge of the Irawadi
River at Saiktha, Burma, as measured with double floats and with
current meter. From these he concluded that the double-float dis-
charge was about 10 per cent too large. He therefore reduced all
discharges found with double floats by that amount.

FLOAT RODS AND CURRENT METERS.

NEW YORK STATE CANAL SURVEY EXPERIMENTS.

During the progress of the New York State canal survey of 1900
comparative discharge measurements were made on four occasions for
the purpose of comparing the discharge of the canal as found by one
rod-measuring party with that found by another party using similar
rods and methods, and of comparing the discharge found with rods
with that found simultaneously with a current meter. The results of
the comparisons are summarized in the following table:

Comparison 'of results of experiments of New York State canal survey during the summer
of 1900.

@ g
Place. Date. 1 L Vin (2% Q" Qm d"r- Qn,‘-“ Qn:+
) +Qr r Ly

.| Per ct. | Per ct. | Per ct.
Lockport... 5 - -.
Rochester

T7.=mean velocity found by party No. 1, with rods.

17 .=mean velocity found by party No. 2, with rods.

Va=mean velocity found with meter, using six-tenths-depth method.
@', =discharge found by party No. 1, with rods.

Q’".=discharge found by party No. 2, with rods.

Qn=discharge found with meter, using six-tenths-depth method.

The Lockport experiments were made on the Erie Canal about 1
mile above the locks at Lockport; in a rock cut with rough, nearly
vertical sides. The meter measurements were made 700 feet above
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the place where the discharge was measured with rods. The observa-
tions extended over a period of thirty-four minutes, during which
time 60 rods were passed over a run of 21 feet, with an immersion of 80
to 90 per cent of the depth, and 13 meter observations of fifty seconds
each were made at six-tenths depth below the surface. There was no
measurable fluctuation of surface level during the test.

The Rochester experiments were made on the Rochester Aqueduct,
which has smooth and nearly vertical sides. The width was 43 feet
and the depth 7.5 feet. The flow was undisturbed for a half mile
above the section of measurement, but there was a sharp curve less
than 100 feet below the point where the lower rod-measuring party
was stationed. In the first comparison of rods with meter, September
20, the period of observation was forty-two minutes; 64 rods were
passed over a 20-foot run with 92 per cent depth of immersion; 19
meter observations of fifty seconds each were made by the six-tenths-
depth method; the surface level fluctuated 0.05 foot during the obser-
vations, and.rain interfered somewhat with the work. In the first
rod comparison, September 21, the ohservations extended over a
period of sixty-five minutes; 79 rods were passed by party No. 1, with
a depth of immersion of from 90 to 97 per cent, and 100 rods by party
No. 2, with a depth ¢f immersion of 92 per cent. In the first rod-
and-meter comparison of September 21 the period of observation was
forty-two minutes; 92 rods were passed by party No. 2, with 90 per
cent depth of immersion, and 86 meter observations of fifty seconds
each were taken by the six-tenths-depth method. In the second rod-
and-meter comparison the period of observation was forty minutes; 80
rods were passed, with 92 per cent depth of immersion, and 36 meter
observations of fifty seconds each were made at six-tenths depth.

The Boonville comparisons were made on the Black River Canal at
Boonville, where the top width of the canal is 43 feet, with gradual
sloping sides, and a maximum depth at center of 7.7 feet. There was
an unobstructed flow for at least one-fourth mile above and one-half
mile below the place selected. The parties were stationed about 200
feet apart. There was practically no water entering or leaving the
canal between these points. In the rod comparison, which lasted one
hundred and forty-four minutes, with some interruptions, 185 rods
were passed over a 20-foot run by party No. 1, and 143 rods by party
No. 2. In the first meter comparison, which lasted fifty-eight min-
utes, 55 rods were passed and 36 meter observations were made at six-
tenths depth. In the second meter comparison, which lasted fifty-
three minutes, 77 rods were passed and 42 meter observations of fifty
seconds each were made by the six-tenths-depth method.

The Glens Falls comparisons were made on the Glens Falls feeder,
near Glens Falls. At the place selected for the tests the feeder is 32
feet wide and 6 feet deep, with nearly vertical sides. There is a bend
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in the feeder about 100 feet above the upper place of measurement,
and another about 1,000 feet below the lower place of measurement.
The meter measurements were made from a bridge about 100 feet
from each of the points where the rod measurements were made.  The
first comparison lasted seventy-six minutes, during which time party
No. 1 passed 56 rods, party No. 2 passed 90 rods, and 28 meter observa-
tions of fifty seconds each were made. In the second comparison,
which lasted fifty-eight minutes, party No. 1 passed 63 rods, party
No. 2 passed 108 rods, and 28 meter observations of fifty seconds each
were made.

The method of making these comparisons is the same as that used
in the canal-discharge measurements, which is described on pages
16, 17.

The Rochester and Glens Falls comparisons are not so satisfactory
as those at Lockport and Boonville. In the former the measurements
were made too near a curve. The large variation in the time of run
of the individual rods indicates this fact, and surface-level fluctua.
tions and passing boats interfered somewhat with the work. There is
a possibility of leakage from the feeder between the points of meas-
urement at Glens Falls. No leakage was visible on the surface, but
there is a large amount of leakage not far distant from the place of
measurement. The measurements there indicate a gradual loss from
the upper to the lower point of measurement.

The results of the rod comparisons agree more closely than those of
meter with rods. It must not be concluded from the Rochester com-
parisons that because the rod discharges agree closely and the meter
discharge differs from the rod discharge 7 per cent this error is all
due to the meter. The two sets of velocity measurements obtained
with the meter during this comparison agree closely, whereas the time
of run of the individual rods differs considerably. At least half of this
difference is due to errors in the rod discharge measurements.

' FLOAT RODS AND WEIR.

FRANCIS'S EXPERIMENTS.

In 1856 J. B. Francis compared the discharge of a canal at Lowell,
Mass., as found with float rods with that shown .-by a standard weir. ¢
This wooden ‘canal or flume was 27.75 feet wide where the first 63
experiments were made and 14 feet wide where the remaining 52
- experiments were made. The length of run was 70 feet, with a start-
ing run of 28 feet. The time of run was obtained to a tenth of a second
and the depth to 0.0001 foot. Every precaution was taken to obtain
accurate results. The floats were tin tubes, 2 inches in diameter,

aFrancis, J. B., Lowell Hydraulic Experiments, p. 170,
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loaded at the lower end so as to float upright. They were put in the
water at each foot of width of the canal, and the time of run was
recorded on a chronograph. The observed velocities were plotted on
cross-section paper and a mean curve was drawn among the points
showing change in velocity from one side of the canal to the other.
The mean velocity in the cross section was found from this curve by
dividing the velocity area by the width. The variation of the observed
velocities of individual rods from the velocity curve was from 8.57
per cent above to 11.4 per cent below this curve in experiment No. 1.
The rods used were not all of the proper depth of immersion, and
Francis derived the following formula for computing the correct dis-
charge: "= @"[1—0.116(+/)—0.1)], in which ¢ is the measured
discharge and D the depth of water in the flume less the depth of the
immersed part of the rod, divided by the depth of water in the
flame. After applying this formula he found that the variation of
the rod discharge from the weir discharge for the 115 experiments is
as follows: For 9 it is less than 0.1 per cent, for 79 it is less than 1
per cent, for 23 it is from 1 per cent to 1.9 per cent, for 2 it is from
2 per cent to 2.9 per cent, and for 1 it is 3.69 per cent. The mean
velocity in these experiments varied from 0.5 foot to 5 feet per second.

CORNELL UNIVERSITY EXPERIMENTS.

At the close of the field work of the New York State canal survey
of 1900 a series of experiments was made at the hydraulic laboratory
of Cornell University for the purpose of comparing discharge as found
with rods and current meter on the canals with that shown by the
Cornell standard weir. These experiments were planned by the con-
sulting engineer of the New York State canal survey, Mi. E. Kuich-
ling, and were carried out under the direction of Prof. G. S. Williams,
in charge of the hydraulic laboratory, by the writer and by Mr. W. P.
Boright, C. E., assisted by members of the class in hydraulics.

The surface level of the sections of the canals fluctuates rapidly on
account of lockage of boats and irregular feed of water to lower sec-
tions. It was therefore necessary to make discharge measurements
rapidly and to make short runs and starting runs. The depth of water
in the different sections varied from 5 to 10 feet at the center, so that
the immersed portion of the rods used varied from 75 per cent to 95
per cent of the depth of the water. The mean velocity varied from
nearly 2 feet per second west of Lockport to 0 on the summit levels.
In the laboratory experiments the conditions were duplicated as closely
as possiblé and the work was performed in the same way as on the
canals, so that the results of the comparisons give a fair idea of the
accuracy of the discharge measurements of the State canals and feeders.

‘Pl. II shows the laboratory canal and the observers employed in
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making the tests. A description of the laboratory and of the method
of obtaining standard weir discharge will be found on pages 60 to 65.
The gates at the head of the canal were opened until the head on the
weir was such as to give the desired discharge; then the slits in the
bulkhead and the height of the gates at the lower end of the canal
were adjusted so as to give the desired depth of water in the channel.
As soon as the flow became steady three parties began measuring the
discharge of the canal, one with rods and two with current meters.
Two series of rods were used, one of 75 per cent depth of immersion,
the other of 90 per cent depth of immersion, the former lettered, the
latter numbered, so that they could easily be recognized as they
passed under each wire. The lengths of the run and of the starting
run were the same as in the canal work, being from 25 to T feet for
the former and from 10 to 8 feet for the latter, depending on the
velocity. The number of rods used in an experiment varied from
50 to 150. Meter party No. 1 measured the discharge by the six-
tenths-depth and the integration methods, and then assisted the rod-
measuring party, four stop watches being used and the number
of rods run in a given time nearly doubled. During each experi-
ment the head on the weir, the depth of water in the canal, and the.
slope of the surface were read every thirty seconds and were checked
occasionally by readings of the hook gage. The time of run of each
rod was platted on squared paper, using distance from side of canal
as absciss® and time of run, in seconds, as ordinates, and a mean
time curve was drawn among them. The length of run divided by
the mean ordinate of this curve gave the mean velocity, which mul-
tiplied by the cross-sectional area gave the discharge. The results
of this rod-and-weir discharge comparison are given in the following
table:
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Comparison of float-rod and weir velocity and discharge measurements at Cornell hydraulic

laboratory.
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0.910 0.953 14.22 | 2.95
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0. 486 0.512 +4.68 | 2.78
November 1 81.140 | 0.235 0.249

It is seen that the discharge obtained with the rods is larger for all
depths, velocities, and percentage depths of immersion than the cor-
responding weir discharge, except in two cases. The greatest varia-
tion from the weir discharge is 6.11 per cent for the 75 per cent depth
of immersion and 3.64 per cent for the 90 per cent depth of immetr-
sion. This variation from the weir dischavge, or error, increases as the
depth, velocity, and depth of immersion decrease. The mean error
for all depths and velocities is 8.54 per cent for the 75 per cent depth
of immersion and 2.1+ per cent for the 90 per cent depth of immersion.
The greatest variations from these means are +1.14 per cent and
—2.99 per cent for the 75 per cent depth of immersion and --0.81 per
cent and —1.39 per cent for the 90 per cent depth of immersion, a
range of 3.4 per cent in the former and 2.2 per cent in the latter.
From the last two columns is seen the extent to which the error
increases as the depth decreases.

It is to be expected that the rod discharge will be greater than that
of the weir, especially for the 75 per cent depth of immersion, for as
the rods do not extend to the bottom they are not affected by the bot-
tom layers of slowly moving water, and hence move faster than the
mean velocity. By applying Francis’s correction formula (p. 55) to
these results others will be obtained agreeing more closely with those
shown by the weir. It will be shown further on (p. 93) that the weir
discharges used in these experiments and computed from Bazin’s

formula are probably too small by from 0.5 per cent to 2.5 per cent,
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the former for a head on weir of 1 foot, the latter for a head of 2.5
feet. When these two sets of corrections are applied it will be found
that the rod discharge is correct to within about 2 per cent. This
degree of accuracy is only attained, however, by many observations,
equivalent to six or twelve gagings, with the rods started 2 feet apart
from side to side of canal.®

CURRENT METER AND WEIR.

"FTELEY AND STEARNS'S EXPERIMENTS.

Fteley and Stearns have made some comparisons of the discharge of
.the Sudbury conduit as obtained by weir measurement and by current
meter.? The weir was of the sharp-crested type, 19 feet long, and was
located at the head of the conduit. The flow to it was controlled by
rectangular gates, which were changed slightly from time to time so
as to keep the head on the weir constant. The current-meter measure-
ments were made from a manhole in the cénduit 6,000 feet below the
weir. The meter used was a Fteley like that shown in fig. 5, p. 22
Two methods of operating the meter were employed, viz, the point and
the integration. When the point method was used the meter was
held for thirty seconds at several points in the cross-sectional area,
depending on the depth. For the greatest depth of 4.5 feet the num-
ber of points of observation was 167. The rate of moving the meter
while integrating was from 0.1 foot to 1 foot per second. The results
for the 8-vane meter are as follows:

Comparison of discharge measured with 8-vane Fteley meter and over weir.

Number Depth of | Ratio of Variation

No. of arisons |Rate of in- center of | speed of | Mean ve- | of meter
experi- 151'1 cluded | tegration meter meter to | loeity of | discharge
ment. | 4o eri- | g : from speed of water. | from weir
meﬁt surface. | water, discharge.

Feet Ft. per sec. | Per cent.

1 1 0 1.5 0 1.83 +1.2

2 2 0 2.0 0 2.13 0.0

3 1 0 3.0 0 2,56 +0.1

4 1 0 4.0 0 2.83 +0.1

b 1 0 4.5 0 2.93 —0.4

6 1 0 3.0 0 1.71 —0.2

7 3 0.1 1.5 0.065 1.83 +0.8

8 3 0.1 2.0 0.047 2.13 +0.1

9 8 0.1 2.5 0.042 2.37 —0.6

10 3 0.1 3.0 0.039 2. 56 —0.2

11 6 0.1 3.5 0. 087 2.71 —-0.1

12 4 0.1 4.0 0.035 2.83 —0.5

13 4 0.1 4.5 0.034 2.93 -0.8

14 4 0.1 2.5 0. 042 2.37 +0.2

15 16 0.5 2.5 0.211 2.37 —3.6

16 15 0.5 3.5 0.185 2,71 —-1.8

17 20 10 3.5 0.369 2.71 —6.5

18 3 0.1 3.0 0. 0568 1.71 —-1.0

19 0.5 3.0 0.292 1.71 —4.5

20 7 1.0 3.0 0.585 1.7 —9.4

aSee also pp. 90-93.
bTrans. Am. Soc. Civ. Eng., vol. 12, p. 301.
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The results of experiments Nos. 2 to 6 show a remarkably elose
agreement between measurements by this meter and those over the
weir. The length of an observation, thirty seconds, was too short to
give a good average indication of the velocity. The discharge varied
somewhat during the experiment. The depth of water in the conduit
being small, any error in the depth must have introduced considerable
error in the result. We would not expect, therefore, so close an agree-
ment, whi¢h appears all the more remarkable when it is seen from the
following table that the discharge shown by two weirs may differ by
3 per cent: .

Values of m in formula Q=mih «/ 2gh, as found by Bazin and by Fleley and Stearns.«

Values of .
Head on My —Ma
weir (k). Ftsgggrigd Bazin My my
(). ) ().
Meters. Meters. Meters. Meters. Per cent.
0.1424 0.4149 0. 4290 0.0141 3.29
0. 1969 0. 4166 0. 4263 0.0097 2,28
0. 2497 0. 4191 0. 42569 0. 0068 1.60
0. 3008 0. 4218 0. 4266 0.0048 1.12
0. 3530 0.4247 0.4276 0. 0029 0.68
0. 3957 0.4272 0. 4285 0.0013 0.33
0. 4434 0. 4296 0. 4295 0. 0001 0.02
0. 4888 0. 4323 0.4310 —0.0013 —0.33

a Annales des ponts et chaussées, mémoires et documents, 1888, p. 416,

It is seen that for heads on the weir of from 0.3 foot to 1 foot the
. variation in s is from 3 to 1 per cent.

EXPERIMENTS AT CORNELL UNIVERSITY HYDRAULIC
LABORATORY.

INTRODUCTION.

The results of numerous weir, current-meter, and other experiments
by the writer at the Cornell hydraulic laboratory are discussed in
detail on the following pages; also the application of the results to
ordinary river gaging and the general conclusions reached from these
recent studies and investigations.

The investigation was begun by the writer in May, 1900, while a
fellow in civil engineering at Cornell University. It was interrupted
from July 1 to December 4 of that year, on account of the New York
State canal survey, in which the writer participated, and again from
December 9 to April 1, on account of freezing weather, and was com-
pleted in May, 1901. Its object was to compare the discharge of the
Cornell University experiment canal as obtained with a sharp-crested
weir with that obtained from current meters operated by different
methods, and thus determine the accuracy of velocity and discharge



60 ACOURACY OF STREAM MEASUREMENTS. [¥o. 95.

obtained by current-meter methods. The scarcity of meters available
for the work, the lack of ready facilities for frequent testing and rat-
ing of the meters used, and the scarcity of water during the first
months of the investigation render the results somewhat less valuable
than they otherwise would be.

The writer takes this occasion to acknowledge his indebtedness to
Mr. F. H. Newell, chief hydrographer of the United States Geological
Survey, for his hearty cooperation; to Prof. E. A. Fuertes, director
and dean of the College of Civil Engineering, Cornell University, for
the use of the hydraulic laboratory and a chronograph, computing
machine, current meter, and electric register, and for kindly interest
in the work; to Prof. Gardener S. Williams, in charge of the hydraulic
laboratory, for many valuable suggestions and for the use of a chart
for converting head on the Cornell University standard weir into
cubic meters; also to Mr. C. E. Torrance, scholar in civil engineering,
to members of the senior class in civil engineering, and to Mr. C. D.
Cass, assistant mechanician of the college, for their cheerful assistance.

DESCRIPTION OF CORNELL HYDRAULIC LABORATORY.

The Cornell hydraulic laboratory consists essentially, as shown m
Pls. 11, III, and IV and fig. 15, of a canal 16 feet wide. 10 feet deep,
and 415 feet long, with concrete bottom and sides and with a bed
slope of 1 foot in 500. There are six rectangular gates at the upper
end for controlling water entering the canal and four gates near the
lower end, two on each side, for controlling the depth of waterin the
canal. Fifty-nine feet below the entrance gates is a bulkhead about
10.5 feet high built of 12-inch by 12-inch timbers. On the top of this,
or 11.1 feet above the bottom of the canal, is fastened a steel angle
iron 3.5 inches by 5 inches by 16 feet long, with edges five-sixteenths
inch thick, which forms the standard sharp-crested weir. The lower
end of the canal is closed with 12-inch by 12-inch timbers, which can
be moved up or down if desired, so as to allow the water to pass out
of the canal at the end instead of under the side gates. In the upper
chamber are two sets of baffles for checking the velocity of the water
after it passes under the entrance gates. One of these is 7.4 feet
from the gates and is made of +-inch by 12-inch timbers placed hori-
zontally, with the wide face toward the current and spaced from 8 to
12 inches apart. On the upper side of these timbers are 1-inch by -
6-inch strips, fastened diagonally and spaced 12 inches from center to
center. The second baffle is about 6.5 feet below the first one and is
similar in construction, except that the 1-inch by 6-inch strips are
placed vertically and are spaced 10 inches from center to center.
Twenty-eight feet below the weir is a baffle made of 1-inch by 6-inch
strips placed 3 inches from center to center, with the narrow side
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toward the current. To still further quiet the waters after passing
the weir, when the depth is small and the velocity large, a second
baffle was constructed of 1-inch by 6-inch pieces placed vertically,
spaced 2 inches from center to center, and fastened on the upper side
of the baffle just described.

Air is admitted under the falling sheet of water through 12-inch by
10-inch passages in the concrete, one on each side of the weir. The
head of the weir and the depth of water in the canal are measured by
piezometers and a hook gage. As rough checks on these readings
gage boards and a dial gage were occasionally read. The piezometer
for giving the head on the standard weir is formed of three 1-inch pipes
(D, P, P, fig. 15) perforated for 3 feet of their length with -inch
holes 6 inches apart around the pipes. These are placed 27 feet
upstream from the weir, with their axes parallel with the axis of the
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canal, 4 feet from the bottom, and each connected to a pipe which
extends down the south side of the canal to a point opposite the gage
house. From this point it is carried across the canal along the bot-
tom and up into the gage house and is connected to a glass tube by a
rubber hose. The tube is fastened to a scale marked to 2 mm. spaces.
The canal piezometers are similar to those of the weir, but have only
one entrance pipe, which is in the center of the canal. The surface
elevation of the water was read with the hook gage at the three points
in fig. 15 marked ¢ Standard weir bolt,” ¢ Croton bolt,” and “* Canal
bolt,” the elevation of each of which is known. The dial gage and
the board gage G” show approximately the head on the standard weir
in feet and hundredths and enable the man operating the gates to
keep a nearly constant head. A board gage (") opposite the *“ Croton -
bolt” (C'B) shows approximately the depth of water in the canal.
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SCOPE OF EXPERIMENTS.

The experiments naturally divide themselves into five groups, which
we have called series A, B, C, D, and E. The experiments of series
A were made at a section 158 feet below the standard weir and 75 feet
upstream from a model of the Croton dam the height of which was 6
feet and the upstream face of which had a gradual slope and extended
to within 29 feet of the meter station. This model dam formed a pool
above it at the meter station and gave a zero velocity for 6 feet depth
of water. The range of depths and velocities was therefore small.
The water surface during the experiments was smooth, without boiling
or swirls, with most of the foam made by the water falling over the
weir moving down in two parallel lines 3 or 4 feet from each side.
Three current meters were used in this series of experiments, viz,
large Price meter No. 88, small Price meter No. 351, and the Cornell
University Fteley meter. The latter was always held with a rod, the
small Price meter with a cable, and the large Price meter with a cable
in some of the experiments and with a rod in other experiments.
About 8% inches of mud had accumulated on the bottom of the canal
above the model dam. After the first two experiments the mud was
removed for a space of 4 or 5 feet above and below the meter station.
For all other experiments the hottom was clean and smooth.

The experiments of series B were made 234 feet below the standard
weir after the model dam had been removed. They were with
high velocities and shallow depths, the scarcity of water at the time
restricting the depth somewhat. In all these experiments except
Nos. 6 and 8 the tail gates were open, so that there was no backwater.
‘The surface of the water was quite rough, being a succession of waves,
without swirls or boiling. (See Pl. IV.) The same three meters were
used as in series A. The Fteley and the large Price were held with
rods—the small Price with a rod in some of the experiments and with’
a cable in other e*(perlmentb

The experiments of series C were made 280 feet below the standard
weir, as part of the tests of accuracy of the discharge measurements
of the New York State canals and feeders made during the summer of
1900. They cover a range of depths from 6 to 9.5 feet and velocities
from 0.23 foot to 2 feet per second. In most of the experiments of
this series nearly all of the water was passed out of the canal through
horizontal slits in the bulkhead. The water surface was comparatively
smooth, being a succession of long waves, without boiling or swirls.
Two meters were used—small Price No. 363, operated by the six-
tenths-depth and integration methods, and small Price No. 351, oper-
ated by the ordinary method. The former was held with a cable, the
latter with a rod.

The experiments of series D were made 220 feet below the standard
weir, with Haskell meter No. 3 and small Price meter No. 363, each
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held with a cable. The range of depth was from 5 fo 9.5 feet, and the
velocities from 0.25 foot to 2 feet. The water surface was like that in
series C—long waves, without boiling or swirls. Three methods of
obtaining velocity were used—the ordinary, the six-tenths, and the
integration. This series is not complete, the work being stopped by
the freezing of the canal. The piezometers could not be used on
account of the freezing of the pipes. The hook gage only was used
to measure the head on the weir and the depth of water in the canal.

The experiments of series E were made with two small Price meters
and a Haskell meter, held with cables at station 220 feet below the
standard weir. The depth in this series varied from 4.6 feet to 9.3
feet, and the mean velocity from 1.5 feet to 3 feet per second. It was
designed to extend the results of the previous year to the higher
velocities. The discharge measurements were made in pairs, as in
series D, so as to compare the results of the meters with each other
as well as the results of each meter with the corresponding weir dis-
charge. The head on the weir and the elevation of water surface
were obtained from readings of the portable hook gage. The water
surface was quite rough for these higher velocities, being a succession
of waves, without swirls. To quiet it and enable the surface elevation
to be more accurately measured, in experiments 9 to 22 two planks,
2 inches by 12 inches by 15 feet long, were placed across the canal
about 3 feet apart and 154 feet from the weir, fastened at the ends so
as to float on the surface and break the force of the waves. In experi-
ments 23 to 50 three of these planks were used. The planks served
their purpose very well, but distorted somewhat the vertical velocity

curves.
- METHOD OF EXPERIMENTATION.

The first operation in each experiment was to adjust the entrance
gates to admit such a quantity of water that with the desired depth of
water at the meter station the velocity would be about the desired
rate. The tail gates were then opened or closed somewhat, as the
case required, until the water reached the desired depth and remained
steady. The standard weir gage was then read every thirty seconds
and the canal gages (one or both) were read every five minutes during
the time the meter observations were being taken. When the hook gage
was used it was read six times in succession, as quickly as possible, at
each of the three points in fig. 15 marked ¢‘ Standard bolt,” ‘‘ Croton
bolt,”and *“ Canal bolt,” already described. When the ordinary method
of operating the meter was used the meter was held at from two to
six points, depending on the depth, in each of from five to eight ver-
tieals, and the number of the revolutions of the meter wheel in from
one to two periods of from thirty to sixty seconds each was obtained.
Usually it was two periods of fifty seconds each. Inseries C,ordinary
method, one period of sixty seconds was used and the revolutions were
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read on a recorder. In all the other experiments, except those with
the Fteley meter, the revolutions were obtained from indications of an
electric buzzer. When the meter was operated by the six-tenths-
depth method it was held at about six-tenths depth below the surface
in eight verticals, viz, 1, 3, 5,7, 9, 11, 13, and 15 feet from the south
side of the canal, and the revolutions were obtained for two periods
of fifty seconds each. The meter was then held at the same depth in
the same verticals in the inverse order, i. e., 15, 13, ete., 1 foot from
the south side of the canal, and the revolutions were again counted for
two periods of fifty seconds each. When the integration method was
used in series C the meter was moved in the following way: It was
started at 1 foot from the bottom (center of meter 0.5 foot above hot-
tom) and 1 foot from the side of the canal, and was passed slowly to
the surface at 4.5 feet from the side, then to the bottom at 8 feet from
the side, then to the surface at 11.5 feet from the side, and then to the
bottom at 15 feet from the side. The time at the beginning and end
was noted and the total number of revolutions were counted. The
meter was then carried back over the same path at about the same
speed, and the time of passage and the number of revolutions were
obtained as before. The mean time and the mean number of revolu-
tions of these two passages across the canal are used as a single experi-
ment. When this method was used in series A the meter was carried
only once across the canal, and it was started and stopped at the bot-
tom (center of meter 0.5 foot above bottom) and close to each side,
and reached the surface 4 feet and 12 feet from the south side of the
canal. When this method was used in series E the meter was moved
slowly from the surface to the bottom (center of meter from 2.5 inches
below surface to 5.5 inches above bottom) and back to the surface in
each of the eight verticals in which the meter was held when the ordi-
nary point method was used. The time of passage of the meter down
and back again in each vertical was noted and the revolutions of the
meter wheel were counted.

REDUCTION OF EXPERIMENTS.

The standard weir gage readings were averaged for the time of each
discharge measurement, and the reading for zero head subtracted,
giving the head on the weir in double centimeters. By means of a
chart for converting head on weir into cubic meters per second and a

- computing machine the discharge in cubic feet per second was easily
obtained. The depth of water in the canal was found by adding to
the mean canal gage reading in feet the difference in elevation of the
canal bottom and the zero of the scale. The discharge when the ordi-
nary method was used was computed from the vertical velocity curve
for that experiment (see figs. 28 to 28, pp. 75-77). The observations
were usually taken in the eight verticals at 1, 8, 5, 7, 9, 11, 13, and 15
feet from the south side of the canal, and at the same distance above the
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bottom. When observations in any vertical were missing, as in ver-
ticals 7 and 11 in series C, they were supplied by interpolation. The
mean number of revolutions at the depth of each observation for these
eight verticals was then found, converted into velocity by the rating
table, plotted (as in figs. 23 to 28), and a mean curve drawn. The
mean abscissa of this curve is. the mean velocity in the cross section;
the discharge is the product of this velocity and the cross-sectional
area.

When the six-tenths-depth method was used a horizontal curve of
velocity was drawn in a similar manner and the mean velocity was
found from it. The mean velocity by the integration method was
obtained by dividing the revolutions by the corresponding time and
converting the quotient into velocity.

DISCUSSION OF RESULTS.
COMPARISONS OF DISCHARGE MEASUREMENTS.

The following tables give the results of the dischurge comparisons
of series A to D. The standard-weir discharge (third column) is
the mean for the time over which the meter observations (ordinary
method) extended. It is assumed to be the same for the shorter
period of measuring the discharge by the six-tenths-depth and the
integration methods. This is not strictly true for the larger discharges,
but it is near enough for practical purposes. The true velocity is
obtained by dividing the weir discharge by the cross-sectional area at
the meter station. The other columns are self-explanatory.

Comparisons of discharge over Cornell University stundard weir with measurements by
current meters.

SERIES A.
- ) Meter ohservations.
g k=
g = e | . :
b1 23 #é ] ﬁé E 5 ” Variation.
D e g = 5] ., . .
2 ) BER2|S =g Ordinary Integration
Date. W o 8 .: g 2|0 A & | °2 method’. method.
S| 52 |°Eg|"=8| ® &%
b =T ~B =
p §° 2eg| 88| § [E% Q-@, | e-a
Z2 | & |88 2 oz | n] e | nl e |Te e
Cu. ft. Feet Feet | Cu. ft. | Feet | Cu. ft.
1900. per sec, | Feet. | p.sec. (@) p. 8ec. i persee. | p. sec. | persec. | Peret.
1 . . .|+ 6.43
2 J[4+22.01 1.
3 L+ 0.90 .
S + 0.14
5 .+ 6.03
6 Jd+ 1,81
7 + 1.92
8 + 6.90
Do.... 9 .|— 8.77
May 15.. 10 N
Do.... 11
May 16.. 12
Do.... 13
Do.... 14 5 .
Do.... 15 0.788 |....d 0.834

aL, P.=large Price; 8. P.=small Price. The figures given are the meter numbers,
IRR 95—04 5 ’
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Comparisons of discharge over Cornell University standard weir, etc.—Continued.

SERIES B.
Meter observations.
Depth Varia-
Date No. of Standard Yo | True Num- tion.
ate. xperi- 4 - i
emgnt. charge in ity (V)| Kindof (t))le);e(g Ordinary method. 0—q
(Q)- | canal | ‘at meter. | °00" =
at meter tions.
meter [section -
section. I Q
Cu. ft. Feet Feet Feet Cu. ft.
per sec. |per sec.| per sec. (a) per sec. | per sec. | Per ct.
1 60.366 | 1.115 | 2.823 | S. P. 351. 16 2.790 49.774 | + 1.11
2 50.260 | 1.115 | 2.823 | Fteley.. 16 3.599 64.206 | —27.75 -

3 50,154 | 1.110 | 2.824 ; L. P.88. 15 3.103 53.790 | — 7.26

4 66.625 | 1.299 | 3.167 | Fteley.. 24 3.344 69.502 | — 5.91
5 65.625 | 1.299 | 3.157 | L. P. 88. 21 3.085 64,118 } + 2.30
6 66.886 | 2.000 | 2.091 | Fteley.. 21 2. 500 80.000 | —18.09
7 21.616 | 0.786 | 1.719 [ L. P.88. 16 1.538 19.341 | +10.54
8 66,731 | 2.029 | 2.0566 ....do... 24 1. 900 61.682 { + 9.07
9 33.060 | 0.741 | 2.766 | Fteley.. 16 3.273 32,295 | + 2.30
10 21,369 | 0.550 | 2.428 i....do... 16 2.945 25.916 | —21.28

11 94,410 | 1.885 | 3,130 (....do... 24 3.789 | 114.250 | —21.01
12 94,410 | 1.885 | 3.130 | L. P. 88. 24 3.102 93.556 | + 0.90

13 57.854 | 1.198 | 3.018 | Fteley.. 24 3.720 71.305 | —23.27
14 57.854 | 1.19%3 | 3.018 | L. P. 83. 24 2,947 56.589 | + 2.18

15 43.761 | 0.953 | 2.870 | 8. P.351. 16 2.698 43.056 | -F 1.62
16 43,761 | 0.953 | 2.870 | Fteley.. 16 3.474 52.944 | —20.98
17 20.698 | 0.693 | 2.671 | S. P.351. 16 2,425 26.876 | + 9.19

18 20.598 | 0.693 | 2.671 | Fteley.. 16 3.137 34.768 | —17.47
19 18.932 [ 0.464 | 2.563 | 8. P.351. 8 2.290 16,983 | —10.30
20 18.932 | 0.464 | 2.553 | Fteley.. 8 2.932 21.744 | —14.84

al,. P.=large Price; 8. P.==small Price. The figures given are the meter numbers.
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SERIES C.

Meter observations.

Small Price No. 351,

Small Price
No. 363.

. Number | Standard hod. Small Price No. 363.
Date of weir | Depth of| True ve- ordinary metho
. experi- | discharge | wWaterin | jgeity (17)
ment. | . (Q). canal at | gt meter Ordinary method. Integra- " g—g
meter section. ¥ Q tion =%
section. ° o method Q
Vs Qs (@).
Cu. ft. per Cu. ft. per Cu. jt. per | Cu. ft. per -

sec. Feet. Ft, per see. | Ft. per sec, sec. Ft, per sec. sec. sec. Per cent.

1 216.131 9. 460 1. 409 1.446 219, 836 1. 466 222,980 220, 393 — 0.
2 140. 515 9.374 0.932 0.969 146. 060 0. 985 148. 528 143.099 — b:37
3 71,681 9,338 0.477 0.493 78. 050 0.487 78.167 71.514 - 1.59
4 38. 254 8.910 0. 265 0.259 37.420 0.278 40.113 33.330 —16.16
5 178. 553 7.673 1.444 1.449 179.130 1.489 184. 075 174.679 —5.17
6 125. 298 7.640 1,018 0.999 122,974 1,047 128, 880 120,789 — b5.12
7 61.272 7.582 0.502 |eeonenee]oninonnnnan 0.522 63.771 |- 61,327 .. - — 4.08
8 81.176 7.557 0.255 0.215 26. 180 0.258 31.488 | ~ 28.070 1 —-22.10
9 50. 810 6.005 0.515 0.494 48,208 0.540 52. 696 46. 451 4,17 — 7.65
10 196. 387 6.278 1.940 1.890 192.799 1.989 201. 367 188.232 1.83 — 4.8
11 132. 414 6.399 1.283 1.251 129.078 1.318 135. 991 123. 816 2,52 — 4.27
12 91. 056 6.319 0,893 0.847 86,318 0.920 98,768 83.872 5.20 - 2,96
13 65.319 8.476 0.478 - 0. 464 63. 325 0. 49 67.146 60. 459 3.07 — 2.80
14 198,258 8,470 1. 454 1. 460 199.115 1.514 206. 480 187.795 0.44 — 6.76
15 125, 301 8. 508 0,915 0.890 121.921 0.949 130. 001 114. 522 2.69 — 9.54
16 31.223 8.455 0.229 0.201 27.364 0.240 32.674 25,186 12,87 —39.30

N
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Comparison of discharge over Cornell University standard weir with measurements by current meters—Continued.

. SERIES D,
Meter observations. Variation.
Number | Standard o
; Ordi: d.
Date. of | , welr De;t)thiorf True ve- rdinary metho Six-tenths | Integra-
experi- | discharge | WBIERIR | 16city (V) | Kind of de]i]t tion Q—Q | —Q | @—@
ment. (@) cg.leater _atmeter meter. a T 0 method method Q Q Q
section. | Section. ¢ © (Qe)- (@).
Cu. ft. per Cu. fE. per
see. Feet, Ft. per see. Ft. per sec, | Cu. ft. per sec.|Cu. ft. per sec. see, Per cent. | Per cent. | Per cent.

1 233. 262 9. 505 1.528 1.519 231,976 |.ceieinnnnnns 235,082 +0.55 |.oenennn.. —0.77
2 233. 262 9.505 1.528 1.484 226.380 |oeneniaaanann 239. 968 +2.95 [oeiiaia.. —2.88
3 229,731 9.3817 1.535 fooeodoo oo 239.120 235,828 [L......... — 4.09 —2.66
4 117,673 b9, 536 0.7¢8 0.832 5127, 421 b126. 498 i —8.28 1 — 750 |...aenn.n
5 117. 673 59,536 0.768 0.794 b121. 601 5119, 301 —3.34 ] — L40|..........
6 95. 176 b9, 524 0. 622 0.676 5103. 401 b106. 846 —8.63 | —11.21 | ...._....
7 95,176 59.524 {..cennio... 0. 563 b99, 883 597,892 —4,93 | — 284 |..........
8 221,749 7.245 1.905 1.864 216. 932 218, 680 +2.13 | + 1.38 —3.08
9 221,749 7.245 1.905 1.867 217,281 222,521 +2.01 [ — 0.85 |..cooo....

10 191.165 7.217 1.649 1.675 194,183 200. 209 —1.58 | — 4.73 —6.00

1 191.165 7.217 1.649 1.651 191. 400 192,793 +0.20 [ — 0.84 | .........

12 110. 186 7.183 0.955 1.022 117.919 118, 802 —7.01 — 7.84 —8.66

13 110.186 |..eeeennnn.. 0.956 0. 955 110.188 110858 | oo -0.68 . ........

Wl oosem7| o Tuzl o 0.4% ORI R : '

15 57.071 5.154 0. 639 0.730 60. 455

16 57.071 5.154 0. 689 0.672 55. 651

. P.=small Price.

al
b Hook gage broken; depth not accurately measured.

Hask,=Haskell, The figures given are the meter numbers.
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COMPARISON OF DISCHARGE MEASUREMENTS. 6Y

It is seen from the foregoing tables that the meter discharge differs
from the weir discharge all the way from 0 to 40 per cent. One
might say, without careful examination, that the current meter must
be a very unreliable velocity-measuring instrument; but when we
examine these results carefully and plot them according to velocity
we find the case very different. Take first the results by the ordinary
method. These are plotted for each meter in fig. 16, using mean
velocity as abscisse and percentage difference as ordinates. It is seen
that nearly all of these points fall on well-defined lines. The few
exceptions are those in which the depth is small and the errors of
depth and pposition of meter have a large effect on the measured dis-
charge. The discharge obtained with the Fteley meter differs more
from the corresponding weir discharge than that obtained with the
other meters. This is because it had never been rated. The constant
we have used in reducing the observations with this meter—viz, 1 rev-
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Fi6. 16.—Diagram showing difference between meter discharge by ordinary method and weir dis-
charge, from | measurements in Cornell University experiment canal. Line 0-0’/ represents weir
discharge.

olution per second at 1 foot velocity=1.072—was obtained from
observations by students. Tt is not, however, much in error for this
velocity, but is largely in error for other velocities. The rating
obtained from these weir experiments is given in the table on page 81.
For the otler three meters the percentage error is small for velocities
above 1 foot per second. For the Price meters the error is positive
and incre.ses rapidly as the velocity decreases. For the Haskell
meter the orror is negative and increases, negatively, rapidly as the
velocity d:creases. The error in rating, if we may call it such, is not
o large as it appears from these diagrams, for a 10 per cent error in
a small quintity is only a 1 per cent error in a quantity ten times as
large. TL> rating tables as derived from these curves and as found
by movin; the meter through still water are given in the table on
page 81. Experiments with depths of 0.75 foot or less (Nos. 9 and 17
to 20 of se ies B) are not plotted in the diagram (fig. 16), as the prob-

s
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able error is large; nor are experiments 1 to 4 of series C, because the
upper and lower parts of the vertical curves are not well defined; nor

0]
o

L—To
r ion | methdy
;w
§ O]
O o —
5 ° i /n/c/ °
H 8o [olept h
s 2] I zd M
Small Frice meoter Maded Tosker] meter o

Yotocity, feet  per second
Fi6. 17.—Diagram showing difference between meter discharge by six-tenths depth and integration
methods and weir discharge, from measurements in Cornell University experiment canal. Line
0-( represents weir discharge.

experlments 4 to T of series D, because there appears to be an errorin
the hook-gage work of those experiments.

In fig. 17 are plotted the percentage differences between weir dis-
charge and discharge obtained by the six-tenths depth and the integra-
tion methods. It is seen that the meter discharge by these methods is

greater than the weir discharge, being

ﬁ%:%ﬁ’;ﬁ"”*?'f 4 or 5 per cent greater for velocities
above 1 foot per second. In the in-
q,oL..o o0 tegration method, for small velocities
- 1= the difference increases very rapidly as

:;f 9P A 5 e the velocity decreases. It is seen from -
R A o 3 figs. 16 and 17 that while the ordinary
; — method gives discharge 1 or 2 per cent
o o o S less than the weir for velocities above
soteto-81—9—+—3-2— 1 foot per second, the six-tenths depth
and the integration methods give dis-
. charge 4 or 5 per cent greater than the

F1G. 18.—Diagram showing difference be— weir,
tween meter discharge with different The results of the discharge measure-
meters and weir discharge in experi- . . R
" ments of series E in Cornell University ents of series E are given in the fol-
experiment canal. Zero line indicates lOWiDg table and are plotted in ﬁg 18
weir discharge. . . ?
which shows three sets of double com-
parisons. Experiments 1 to 20 give a comparison of simultaneous
measurements with small Price meter No. 363 and Haskell meter
No. 8, and also with the discharge obtained at the same time with the
weir. KExperiments 21 to 38 give similar comparisons for the two
small Price meters and the weir, and experiments 39 to 50 give similar
comparisons for Haskell and Price meters and the weir.
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Comparison of discharge over Cornell University stundard weir with measurements b@/
current meters.

SERIES E.
« Depth of p Difler-
Soot| | waterin | Paene | Sanded ) seierais | VARE | g op | cncein
experi- ute. canal & - g charge - meter
ment. meter sec- mega;nsec- charge (Qw)g, (Q;Q!> meter. « dis-
tion. : (). | Q charges.
Cu. ft. per | Cu. ft per
Feet. Ft. per sec. sec.p sec. Per cent. Per cend.
1 9.075 1. 472 204, 41 214. 08 —4,73 | Hask. 3... 0.%6
2 9.075 1. 456 204, 41 212.33 —3.87 | S. P. 363 .. }
3 6.079 2.208 208. 88 216.28 —-3.54 | Hask, 3... } 0.99
4 6.079 2,187 208. 88 214,22 —2.55 | 8. P. 863 ..
5. 7.453 1744 200. 81 208, 85 —4.00 | Hask, 3...} 2.03
6 1. 7.4563 1.710 200. 81 204.77 —1.97 | 8. P, 363..
71. 65,742 2,137 197.64 197.02 —0.31 | Hask. 8...1 1.18
8 5,742 2,171 |~ 197.64 200.15 +1.27 | 8. P. 363 ..|f
9 7.409 1. 869 222,67 222. 68 0.00 | Hask, 3... } 0.75
10 7.409 1.883 222,67 224,35 —0.75 | 8. P. 3G3
11 4. 6.295 2.137 220. 33 -216. 00 +1.96 | Hask, 3.._ } 1.82
12 4. 6.295 2,177 220. 33 220.03 +0.14 | S. P. 563 .. oee
13 5,628 2,377 219.38 214,82 +2.08 { Hask. 3... 2.51
14 1. 5.628 2,438 219.38 220.33 —0.43 | 8. P, 363 ..\}
15 |. 5.294 2,611 221.96 222,02 —0.03 | Hask, 3... } 0.34
16 5,204 2. 602 221.96 221.27 +0.81 { 8. P.3C3..
17 4,892 2,764 222.81 217.32 +2.46 | Hask. 3... 2,99
18 4,892 2.827 222,81 222,27 +0.24 | 8. P, 363 .. }
19 4.617 2.936 224.75 218.32 +2.86 | Hask. 3...}} 2.85
20 4,617 3.019 224,75 224.50 +0.01 | 8. P, 363 . J' .
1. 60
4. 808 2, 985 230. 36 230. 66 ~0.13 | S. P. 3561 .. } 0.71
4.808 3. 006 230. 36 . 232,30 —0.84 | 8. P.363 .. .
8,744 1. 670 230.75 234. 68 —1.70 { 8. P. 851 .. } 0.7
8.744 1. 657 230.75 232, 85 -0.99 | 8. P.363 .. :
7.874 1.846 229,28 233. 61 —1.89 |8 P.361.. } 0.88
7.874 1.862 229,28 235. 64 —2.77 | 8. P. 363 .. .
6,889 2,108 229,91 233.25 -1.45 | 8. P. 331 .. } 1.68
6. 889 2.073 229,91 229. 38 +0.23 | S. P. 363 .. :
6,129 2.340 227,16 230. 25 —1.36 { S. P. 351 .. } 0.6
6.129 2.320 227.16 228,28 —0.50 | 8.1.363 .. *
5.483 2. 596 225,01 228,59 —1.60 | 8. P.351..1) 0.31
5,483 2, 604 225,01 229, 30 —1.91 | 8. P.363 .. i
5,185 2.725 224,06 226,98 —1.30 (8. P. 351 .. 1.93
5,185 2,758 224,06 229,73 —2.53 | 8. P. 363 .. -
5,003 2,816 222.60 226. 37 —1.69 { 8. P. 351 .. } 0.65
5.003 2.834 222.60 227.82 —2.34 | S.P.363 .. *
9. 256 1.522 223.40 226. 38 —1.33 [ 8. P. 3851 ..[} 1.06
9,256 1,638 223.40 228.71 —2.38 | 8. P.363..|J *
0.90
9. 344 1.486 224,63 223.11 +0.68 | Hask. 3... } 3.68
9,344 1.541 224. 63 231.37 —3.00 | 8. P. 351 .. '
8,934 1.613 221.39 231. 58 —4.60 |..... do.... } 4.67
8.934 1.543 221.39 221.53 +0.07 | Hask. 3... g
8,297 1,646 221,39 219. 50 +0.81 |..... do.... 3.91
8.297 1.700 221.39 226.70 —2.40 | 8. P. 851 .. -
7.806 1.775 221. 49 222,69 +0.54 | Hask, 3... 2.61
7. 806 1.803 221. 49 226.19 —2.07 | 8. P, 351.. N
7.266 1.879 221.21 219.34 +0.85 | Hask. 3... 3.38
7.266 1.943 221.21 226,81 —2. S. P.351. .
6,439 2.132 221.03 220, 43 —0.27 | Hask, 3... } 1.80
6.439 2.182 221,03 225,61 —2.07 | 8. P. 351 .. "
3.22

a§. P.=small Price. Hask.=Haskell. The figures given are the meter numbers.
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The principal results of the foregoing comparisons have been con-
densed in the following table:

Table showing perceniage variation between weir discharge and meter discharge, and
between meler discharge by different instruments of experiments in Series F. '

Difference between standard weir | Difference in discharge of si-

E‘f&(}? Kind of meter. discharge and meter discharge. l‘;llgtllttegleous meter measure-
Max. | Min. |Mean.a Range. ’ Max. | Min. | Mean. |Range.

Perct.| Perct.| Per ct. Per cent. Per ct. | Perct. | Perct.| Per ct.

1to20 .....| Haskell No.3...[—4.73 | 0.00 | —0.83 | —4.73t0+42.86 |-eceeeei]eraennes]nnnnnnn ceeenann
Do. ...| 8. Price No.803.-3.87 |+0.01 | —0.76 | ~8.87t0+1.27 | 285 | 03 {3421 wm
21to 38 ....| 8. Price No. 351./—1.89 |—0.13 | —1.38 | —1.89t0 —0.13 |.eeoeoiofumurnnnn]nnnns solramecana
Do..... 8. Price No. 363.(~2.77 |40.23 | ~1.56 | —2.77to+0.23 | Les| 0.3 (3081l 137
39t0 50 ....| S. Price No. 851.|—4.60 |—2.07 | —2.78 | —4.60t0 —2.07 |.cceeees]emncnac)oananeai]eaaannn
Do..... Haskell No. 3....+0.85 | ~0.27 | +0.40 | +0.85t0—~0.27 | 4.67 | 180 {33501k 2.87

aRegarding signs. b Disregarding signs.

It is seen from this that in none of these fifty experiments does a
meter discharge differ from a corresponding weir discharge 5 per cent,
and in no case do two simultaneous meter discharges differ from each
other 5 per cent. In experiments 1 to 20 the mean variation from the
weir discharge is —0.33 per ¢ent for the Haskell meter and —0.76 per
cent for the Price meter, while the mean difference hetween corre-
sponding meter discharges is 0.29 per cent. In experiments 21 to 38
the mean variation from the weir discharge is 1.38 per cent for Price
meter No. 351 and —1.56 per cent for Price meter No. 363, while the
mean difference between corresponding meter discharges is (.18 per
cent. In experiments 39 to 50 the mean variation from the weir dis-
charge is 2.78 per cent for the Price meter and 0.40 per cent for the
Haskell meter, while the mean difference between corresponding meter
discharges is 8.22 per cent.

The range of variation of meter discharge from weir discharge is
greater than that of corresponding meter discharges. This is to be
expected, however, since there are a number of possible errors in the
former which are not in the latter. Errors in measuring head, depth,
calibration of weir, velocity, and rating of meter affect the former,
while only the two latter errors affect corresponding meter discharges.

It is also seen that the mean of the difference betweer simultaneous
discharge measurements Nos. 21 to 38 is only 0.18 per cent, and the
extreme range in these eighteen consecutive measurements is only 1.37 -
per cent. How much of this error is due to errors in the rating table
and how much to errors in observing velocity we were unable to deter-
mine, as good facilities for rating were not at hand. We are, how-
ever, justified by these experiments in the statement that the discharge
of this canal can, witha small Price meter, be measured to within less
than 1 per cent when the mean velocity in the canal is from 1.5 feet
to 8 feet per second.
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- VELOCITY CURVES.

Curves of equal velocity in the cross-sectional area of observation
are shown in figs. 19, 20, 21, and 22. Four experiments are selected
(one from each series) from the sixty-five experiments of series A to
D by the ordinary method, to show the variation of velocity in the
sections. They are self-explanatory. Fig. 20 illustrates a case of
small depth, high velocity, and no back-water effect. The maximum
velocity is at the surface, nearly midway hetween the banks. In figs.
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F1g. 19.—Curves of equal velocity in experiment No. 11, series A,

19, 21, and 22 the maximum velocity is below the surface and not
midway between the banks. It is less at the center than 8 or 4 feet
from either side. This is true of all the experiments of series A.” We
tried admitting the water to the upper chamber of the canal in various
ways, by opening some of the gates and closing or partly closing
others, but the distribution of velocity appeared to be nearly inde-
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F1a. 20.—Curves of equal velocity in experiment No. 12, series B, with large Price meter No. 88.

pendent o the openings through which the water was admitted to the
canal. :

Horizon al velocity cdrves are shown in these same figures (19 to 22),
the velocity curve at six{‘-tenths depth below the surface being shown,
and also ‘he curves for surface and bottom. In these figures the
velocity ncar the north side of the canal is somewhat less than that
near the .outh side. This is true of all the experiments of series C
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and D. It is due to the north side of the canal being much rougher
than the south side, the concrete of the north side having been cut
away preparatory to its repair just previous to making the experi-
ments of series C. '
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Fra, 21.—Curves of equal velocity in experiment No. 14, series C. The dots are for small Price meter
No. 351; heavy black squares for small Price meter No. 363.

Vertical velocity curves for these four series of experiments (A to
D) are shown in figs. 23 to 28. Each of these curves is the mean of
observations in the eight verticals 1, 3, 5,7, 9, 11, 13, and 15 feet from
the south side of the canal. For series C and D, figs. 26, 27, and 28,
“the observations obtained with small Price meter No. 363 at six-tenths
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F16. 22.—Curves of equal velocity in experiment No. 20, series D. The dots are for Haskell meter No.
3; heavy black squares for small Price meter No. 363.

depth are shown by the little squares. As a rule they fall outside the
curve, meter No. 363 indicating a somewhat greater velocity than
meter No. 351. This fact is also shown by the corresponding curves
of figs. 16 and 17. The two sets of velocity curves (full and dotted) of
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fig. 28 were found from simultaneous velocity measurements. Two
iparties measured velocity in the same section at the same time. One
‘party, with the Haskell meter, started near the south side of the canal
‘and worked toward the north side; the other party, with the Price
meter, started at the north side and worked toward the south side. It
‘is seen from these curves (tig. 28) that the bottom velocities agree
‘more closely than those at the surface, and that the Haskell meter
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. F16. 23.—Vertical velocity curves obtained with current meters in experiments in series A. Nos. 1,2,
8,12,and 13 are for large Price meter No. 8%; Nos, 4, 5, 6,7, and 11 are for small Price meter No. 351.

‘gives a much larger surface velomty than the Price meter. We

‘should e\ipect a little difference, since the revolving head of the Has-

“kell meter is larger than the Wheel of the Price meter, and its center

' being farther below the surface it must revolve faster. But the dif-

ference in velocity is much greater than this little difference in depth
-of axis would indicate. (See p. 91.)
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Fr.:. 24.—Vertical velocity curves obtained with Fteley current meter in experiments in serjes A.

The shape of these curves evidently depends on the depth and
velocity. For depths not exceeding 1 foot it is a nearly straight line,
- with the maximum velocity at the surface and the mean velocity at
~mid depth. For depths of 8 or 9 feet and small velocities the curve
is very flat, with the maximum velocity at two-tenths to three-tenths
depth and the mean velocity at sixty-five-hundredths to seven-tenths
~depth below the surface. The radius of curvature decreases as the
velocity increases. In all of these curves the least velocity is at the
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hottom. Nos. 6 and 8, series B, fig. 25, show the effect on the vertical
velocity curve of checking the discharge at the lower end of the canal.
For all the other curves of fig. 25 there is free discharge. The effect
of checking the discharge at the lower end is to force the thread of
maximum velocity from the surface to a depth of two-tenths or more. -
The table on page 77 gives the position of the threads of maximum and
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F1e. 25.—Vertical velocity curves obtained with current meters in experiments in series B. Nos, 1,
15,17, and 19 are for small Price meter No. 351; Nos. 3, 5, 7, 8, 12, and 14 are for large Price meter
No. 838; Nos. 2, 4, 6, 9, 10, 11, 13, 16, 18, and 20 are for Fteley meter.

mean velocity taken from the curves shown in figs. 23 to 28. It is
difficult to locate the threads with accuracy, since very little change in
the shape of the curve would make a great change inthe position
of the threads. It is easily seen that the shape may be changed some-
what, and yet fit the observations nearly as well as the one drawn and
give a discharge differing from it but little. For velocities of a foot
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F16. 26.—Vertical veloeity curves obtained with current meters in experiments in series C. Heavy
round dots are for small Price meter No. 351; the square blocks are for small Price meter No. 363,

or more per second, however, the threads can be located with a fair
degree of accuracy. The position of the thread of maximum velocity
as found from series A is eighteen-hundredths depth below the surface;
for series B it is one-tenth depth; for series C, thirty-eight-hundredths
depth; and for series D, twenty-four-hundredths depth. For the miean
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$f Cand D, in which the conditions are nearly tho same, it is thirty-
one-hundredths depth. The position of the thread of mean velocity
as shown by this table is sixty-six-hundredths depth for series A,
Aifty-four-hundredths depth for series B, and sixty-six-hundredths
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Fic, 27.—Vertical velocity curves obtained with current meters in experiments in series C. Heavy
round dots are for small Price meter No. 351; the square blocks are for small Price meter No. 363,

depth for series C and D. It is seen that the threads of mean and
maximum velocity are nearer the surface in series A than in series Cor

D, although the depths do not differ much. This is probably due to
the influence of the Croton model dam, the long upstream slope of
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FIG 28. —Vertma} velocnty curves obtained with Haskell meter No. 3 and small Price meter No. 363 in

. experiments inr-series D. Open circles are for small Price meter No. 363, point method; heavy black

} dots are for %a,skel] meter No. 3, point method; heavy black squares are for small Price meter
. No. 363, six-tenths-depth method.

Whlch has had the effect of forcing the thread of maximum velocity up
to thirteen-hundredths depth. As the ratio of width to depth changed

from 16 to 2 the thread of mean velocity moved from fifty-four-
hundredths depth to sixty-six-hundredths depth below the surface.
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Table showing position of threads of maximum and mean velocity in Cornell University experiment canal as found from current-meter discharge measure-
ments made in May, November, and December, 1900.

Series A. Series B, Series C. Series D.

xpen Ratio | R Ratio | R Ratio | Rati Ratio | Ratio

X peri- atio atio atio i io

emgf,{. Velocity | Depth ',‘;}‘ N ‘vl ’ Velocity | Depth Ay q’ Velocity | Depth ; :lo 35 o Velocity | Depth (?1; N dt’ .

‘ oo |G (B | o | @ | ()] (B o D | G (B TGS D | (G | (%)

Feet per Feel per Feet per Feet per
second. Feet. second. Feet, second. Feet, second. Feet.

1....... 1.17 8.00 0.81 0.25 2.79 1.12 1.00 0. 40 1.45 9. 46 0.65 0.31 1.52 9.51 0.75 0.29
2. 0.57 7.17 0,77 0,29 3.60 1.12 1.00 0,49 0.97 9.37 0.61 0.32 1.48 9.51 0.80 0.47
b S 0.68 7.26. 0.92 0.28 3.10 1.1 1.00 0.49 0.49 9.34 0.52 0.27 |......... [0 .3 P
[ 1.27 8.10 0.89 0.29 3.34 1.30 1.00 0.42 0.26 8.92 0,62 0.28 0.83 9. 54 0.79 0. 42
[ S 0. 84 7.54 0,80 0.49 3.09 1.30 1.00 0.38 1.45 7.67 0.70 0.33 0.79 9.54 0.84 0.42
6ernnnen 1.46 8.37 0.756 0.30 2.50 2,00 0.85 0.44 1.00 7.64 0.72 0.33 0.68 9,52 0,77 0.39
Toaeeeen 1.06 7.8 0.84 0.45 1,54 0.79 1.00 0.46 L........ 2%~ TN P O 0. 65 9.52 0.80 0.34
[ R 1.06 7.85 0.75 0.31 1.90 2.03 0.85 0.37 0.22 7.56 0. 60 0.28 1.86 7.25 0.82 0.36
L RO 1.06 7.85 0.95 0.43 3.27 0.75 1.00 0.47 0.49 6.01 0.60 0.28 1.87 7.25 0.69 0.32
10....... 1.18 7.98 0.79 0.37 2.95 0.55 1.00 0.50 1.89 6.28 0.71 0.32 1.68 7.22 | 0.77 0.34
... 0.98 7.78 0.71 0.36 3.79 1.89 1.00 0.40 1.25 6. 40 0. 66 0.32 1.65 7.22 0.72 0.33
12....... 0.64 7.28 0.75 0.30 3.10 1.89 1.00 0.43 0.85 6. 32 0.60 0.31 1.02 7.18 0,72 0.33
13....... 0.79 7.48 0.65 0.21 372 1.20 1.00 0.46 0.46 8,48 0.56 0.27 0.96 7.18 ! 0.70 0.36
4....... 0.64 7.28 0.86 0,39 2,95 1.20 1.00 0,49 1.46 8.47 0.65 0.31 |.......... 5 P,
15....... 0.79 7.48 0.84 0,33 2.70 0.95 1.00 0.48 0.89 8.51 0.53 0.27 0.73 5,15 . 0.70 0.33
. .. 3.47 0.95 1.00 0.48 e 0,623 0.30 0.67 5.15 0.70 0.44
2,43 0.69 1.00 0.50 |.. 0.755 0.37 |eeeeeiaai]eenns PP R
3.14 0.69 1.00 0. 50 .
2.29 0.46 1.00 0.50 -
2.93 0.46 1.00 [ O P .
] 0.815 [12: 2 28 PR PR, 0.985 0.457 |oeeini el 0.69 [ O 0.755 0.37

V =velocity found from the weir.
V,=velocity found with meter by ordinary'‘method.

dp=distance above bottom to thread of maximum veloeity.
d’ =distance above bottom to thread of mean velocity.
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The first of the following tables gives the mean, waximum, and hottom velocities in the experiments of
series A, C, and D, also the ratio of bottom velocity to mean velocity and of mean velocity to mid-depth velocity.
It is seen that the ratio of mean velocity to mid-depth velocity is much more nearly constant, and hence is better to
use than that of mean velocity to bottom volocity. The second table gives the ratio of mean velocity to three-tenths-
depth velocity, and of mean velocity to six-tenths-depth velocity in series A. C, and D. The ratio at three-tenths
depth is seen to be more nearly constant than that at six-tenths depth.

Velocities at various depths and wvelocity ratios in Cornell University experiment canal as found from standard weir and current-meter discharge

measurements.
e Series A. Series C. . " Series D.
No.of | Depth-| velocities in feet per sec.a Ratios. Depth | yelocities in feet per sec.a Ratios, Depth | yelocities in feet per sec.a Ratios.
experi-| (D) in (D) in (D) in
ment, { feet. . R - i T Vv feet. . . . . ¥ v feet. . B - . " o
¥ Vi w(2) | TiD 7 "D ¥ Vo | Ta(® | V1D 4] D ¥ T w(® | Vip P T+T1ip
8.00 | 1.17 1.26 0.80 1.24 | 0.69 0.90 9.46- | 1.41 | 1.45 1.06 144 0.74 0.98 9.51 | 1.53
7.17 | 0.57 0. 59 0.50 0.56 | 0.88 0.98 9,37 [ 0.93 | 0.96 0.83 0.95 : 0.89 0.98 9.51 { 1.83
7.26 | 0.68 .76 0.60 0.70 | 0.88 0.97 9.34 | 0.48 | 0.50 0.43 0.50 | 10.89 0.96 9.32 1 1.54
§.10 | 1.27 1.87 1.01 1.33 | 0.80 0. 96 8.92 | 0.27 | 0.29 0,22 0.29 | 0.82 0.94 9,54 | 0.77 |.
7.54 { 0.84 0.87 0.64 0.85  0.76 0.99 7.67 | 1.44 | 1.54 1.12 1.52 ) 0.78 0.95 9.64 | 0.77 |.
8,37 | 1.46 1.55 1.22 1.53 | 0.82 0. 96 7.64 | 1.02 | 1.09 0.78 1.06 | 0.76 0.96 9.562 | 0,62 |.
7.85 | 1.06 1.10 0.92 1.08 | 0.87 0.98 0851 T 1< T (R IR PR PO 9.52 | 0.62
7.85 | 1.06 1.09 0.92 1.07 | 0.87 0.99 7.56 | 0.26 | 0.29 0.15 0.28 | 0.58 0.93 7.25 | 1.91 | 2.01 1.65 1.96 | 0.86 0.97
7.85 | 1.06 1.10 0,92 1.07 | 0.87 0.99 6.01 ] 0.52 | 0.58 0.37 0.57 | 0.71 | 0.91 7.25| 1,91 | 2,01 1.61 1.98 | 0.84 0.96
7.98 | 1.18 1.24 0.83 1.20 | 0.70 0.98 6.28 | 1.94 | 2.17 1.42 2.07 | 0.73 0.94 7.2211.65 | 1.77 1.42 1.69 | 0.85 0.98
7.793 10,98 1.01 0.79 1.00 | 0.81 0.98 6.40 | 1.28 | 1. 41 0.94 1.37 | 0.78 0.94 7.2211.65|1.72 1.44 1.70 | 0.87 0.97
7.28 | 0.64 0.71 0,49 0.70 | 0.77 0.92 6.32 | 0.89 | 0.98 0.63 0.96 | 0.71 0.93 7.180.96 { 1.01 0.80 0,99 | 0.83 0.97
7.48 | 0.97 0.89 0.65 0.88 | 0.83 0,90 8.48 | 0.48 | 0.54 0.40 0.58 | 0.79 0.91 7.18 1 0.96 | 1.03 0.76 1.00 | 0.80 0.96
7.28 | 0.64 0.73 0.42 0.68 | 0.66> | 0.94 8.47 [ 1.45 | 1.60 1.04 1.58 | 0.72 0.92 /7 A DR SR RN S R RN PRI
7.48 | 0.79 0,87 0. 56 0.85 | 0.71 0.93 8.61|0.9270.9 0.67 0.95 | 0.73 0.97 5.16 | 0.69 | 0.71 0. 86 0.99
. 8.46 | 0,23 | 0.26 0.15 |aveuee.| 0,65 |oiaenan. 5,15 | 0.69 | 0.72 0.89 0.99
...................................... [0 S P R PR P P X .. 57§ 0.974
aCorrect velocities found from standard weir. b Veloeity 24 inches above the bottom.

Nore.— V=mean velocity; 1,=maximum veloecity; ¥,=bottom velocity; ViD=mid-depth velocity.

= -

‘SHLAAAd INHYHAAIAd LV SHILIDOTHA ["xHa"n

62



80, ACCURACY OF STREAM MEASUREMENTS. [Nvo. 95.

Velocity ratios in Cornell University experiment canal as found with current meters in
- May, November, and December, 1900.

Series A. Series C. ‘ Series D.
No. of R . i
experi- loe- atio | Ratie | veloc- Ratio | Ratio | vVeloe- Ratio | Ratio
ment. Vietyc Deg;th ( s ( g Vit}cfxz DeBth (1’3 (vﬁ v ?t;,)c D%)th (118) (‘Ue
(). o). o/ | Nu/ | (). D). v/ N/ (). 28 v,/ | Ngg/”
Ft. per Ft. per Ft. per

see. Feet. sec. Feet, gee. Feet.
1.10 8.00 | 1.082 | 1.050 1.46 9.46 | 1.022 | 1.009 1.52 9.51 | 1.059 | 1.012
0.45 7.17 | 1.062 | 1.036 0.97 9.37 | 1.029 | 1.017 1.48 9.51 | 1.071 | 1.002
0.68 7.26 | 1.066 | 0.997 0.49 9.84 | 1,037 | 1.022 {........ 9.32 oo eieens
1.27 8.10 | 1.060 | 1.014 0.26 8.92 | 1.031 | 0.981 0.83 9.54 | 1.031 | 0.988
0.79 7.54 | 1.073 | 1.010 1.46 7.67 [ 1.057 | 1.021 0.79 9.54 1 1.039 | 1.000
1.44 8.37 | 1.070 | 1.033 1.00 7.64 [ 1.073 | 1.025 0.68 9.52 | 1.034 | 1.000
1.04 7.85 | 1.040 | 1.003 0.50 708 |oeeeieenans 0.65 9.52 | 1.046 | 1.010
0.98 7.85 | 1.034 | 1.013 0.22 7.56 | 1.091 | 1.082 1.86 7.25 11,068 | 1,011
1.16 7.86 | 1.065 | 1.000 0.49 6.01 | 1.091 | 1.069 1.87 7.25 | 1.066 | 1.027
1.29 7.98 11.083 | 1.025 1.89 6.28 | 1.127 | 1.042 1.68 7.22 11.038 | 1.010
0.94 7.73 1 1.050 | 1.021 1.26 6.40 | 1.094 | 1.045 1.65 7.22 11.039 | 1.018
0.53 7.28 | 1.103 | 1.043 0.85 6.32 | 1.090 | 1.056 1.02 7.18 | 1.060 | 1.023
0.74 7.48 | 1.070 | 1.046 0.46 8.48 | 1.056 | 1.043 C.96 7.18 | 1.070 | 1.017
0.64 7.28 | 1.146 | 1.001 1.46 8.47 | 1.081 | 1.036 |........ TAL el
0.83 7.48 | 1.155 | 1.030 0.89 8.561 | 1.025 | 1.042 0.73 5.15 | 1.041 | 1.011
.............................. 0.20 8.46 | 1.139 | 1.030 0.67 5.15 | 1.045 | 1.015
1.077 | 1.021 1.069 | 1.035 1.048 i 1.010

7, = velocity obtained by ordinary method.
vz and v = velocity at three-tenths and at six-tenths depth below the surface.

MEAN VELOCITY BY INTEGRATION IN VERTICALS.

The mean velocity in the discharge section was obtained by the
method of integration in the eight verticals 1, 3, 5, etc., immediately
after making experiments 1, 3, 9, and 37 of series E. In the follow-
ing table the velocity thus obtained is compared with that obtained
by the ordinary point method in the experiment just preceding:

Comparison of mean velocity obtained by the ordinary point method and by integration in
verticals in Cornell University experiment canal.

Velocity.
T 1
Date. Depth. | Kind of meter. | Point. In:f(ga' LVL
: : I[‘(e‘t}‘)‘)d methoed P
L (13).
Feet. Ft. per sec. | Ft.per sec. | Per cent.
9.08 | Haskell No. 3... 1. 468 1.460 +0.6
6.08 |..... [ 12 N 2,208 2,225 —0.8
VS N [ 1 S 1.883 . 921 -2.0
9.26 | S.Price No. 351.. 1.522 . B68 —3.0

It will be seen that the agreement is close, the greatest difference
being 3 per cent.

RATING METERS IN STILL AND IN MOVING WATER.

The results of meter and standard-weir comparisons are given in
the tables on pages 65 to 68. With a few exceptions, already men-
tioned, these are shown graphically in figs. 18, 17, and 18, pages 69
and 70. The straight lines 0-0’ represent in each case the weir dis-
charge and the curved lines drawn through the plotted points repre-
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‘sent the percentage variation of the meter discharge from the
‘corresponding weir discharge. The meter discharge is computed
from a rating table prepared from ratings in still water. If we
assume that the weir discharge is correct, then these curves show the
percentage difference between a rating in still water and a rating in
‘moving water, and furnish the data for preparing a rating table for
‘moving water from the one for still water. We have only to apply
the correction to any velocity for any given number of revolutions
per second, shown on the proper diagram, to obtain the velocity in
moving water. This has been done, and the rating tables of the
‘meters in still and in moving water are given in the following table.
The velocity in moving water for any given number of revolutions per
second is greater for all speeds of the Price meters than the velocity
in still water. For the Haskell meter (a propeller instrument) the
welocity is less in movicg water than in still water for low velocities,
and probably about the same in moving water as in still water for the
higher velocities.# The discharges might now be computed, using the
rating tables for moving water, and they would agree closely with
the weir discharges. New vertical velocity curves have been found
for series A, and the mean velocity ascertained from them. The
shape of the new curve differs little from the old one, as the range
of velocities for any curve is small. The new velocities obtained
from the corrected curves are given in the second column of the
table.

‘Rating tables of current meters in still water and in moving water in Cornell University
experiment canal.

I
| Revo- | Small Price | Large Price| Haskell - | Haskell
liutions|  No.35Lb No. 88.6 No. 3.0 Fteley.s | Revo | NG 80 | Fteley?

per per
second. 14 Vo 14 Va 14 Ve 14 V. [second.| V Ve 1 Ve
.............................. 1.10 | 1.80 | 1.28 | 1.18 1.07
| P P PR o veen 1.20 | 1.40 | 1.39 | 1.29 1.15
+ 0,101 0.284{ 0.318 |...... 1.80 | 1.50 } 1.49 | 1.39 1.23
1 0.15] 0.897 | 0.437 [ 0.54 | 0.660 [......|-......|.. 1.40 | 1.60 | 1.60 | 1.50 1.30
| 0.20} 0.510 | 0.562 | 0.70 | 0.804 |......|cceeeofo. 1,50 | 1.71 | 1.70 | 1.61 1.38
1 0.25| 0.6256 | 0. 0.86 10,950 |......[.......f.t . 1.60 | 1.81 | 1.81 | 1.72 1.45
1 0.80 [ 0.741 | 0.776 | 1.03 | 1.097 |...... .. J 170 11.92]1.92(1.82 1.53
1 0.35 857 1 0.887 [ 1.19 | 1.244 |. . 1.80 1 2.02 | 2.03 | 1.93 1.60
1 0.40 [ 0.972 | 0,998 | 1.85 | 1.892 |. 1,90 | 2.13 | 2.14 | 2.04 1.67
| 0.45 | 1.088 | 1.109|1.52 | 1.560 |... 2,00} 2.23 | 2.24 | 2.14 1.714
1 0.50) 1.204) 1.220 | 1.68 | 1.709 } 0. -
i 0.55 | 1.319| 1.33211.84 | 1,874 [ 0.75
1 0.60 | 1.435 | 1.447 | 2.01 | 2.042 | 0.80
| 0.65 7 1.550 | 1.562 | 2.17 | 2.207 | 0.85 ..
1 0.70 7 1.660 | 1.677 | 2.34 | 2.373 | 0,90 ..

0.75 1 1.782 | 1.796 | 2.50 | 2.538 | 0.95 ..

0.80 | 1.897 | 1.915 | 2.66 | 2.702 | 1.00 ..

0.86 | 2.013| 2,033 | 2.83 | 2.8 1.05 .

0.90 | 2.129| 2,150 | 2.99 | 8.0 1.10 .

0.95] 2.244 | 2.266 | 3.15 | 3.1 1.15 .

1.00 | 2.36 2.38 [3.8218.366 | 1.20 | 1.174 | 1,072 [ 0.987 |.ccvueuifoceneeommaafimneai]iaennnns

a Recent experiments with a Fteley meter do not verify this statement.
b Meter held rigidly ‘with rod.
¢Meter held with cable.

' Note.— F=velocity? in feet per second, from still-water rating; V,==veloeily, in feet per sec-
ond, from moving-water rating. -

IRR 95—04 6
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A reason for the percentage increase in the variation of the meter
discharge from the weir discharge as the velocity decreases is to bhe
found in the rating table from which the velocities are computed.
The experiment of November 1 shows that the small Price meter will
measure a velocity of 0.23 foot per second, as the mean velocity found
from the weir is 0.229 foot per second and the meter wheel revolved
with -regularity at all points where it was held. The observations in
the rating do not extend to this velocity, however, and do not warrant
the preparation of a rating table giving velocities of less than 0.5 foot
per second. '

In the three ratings of small Price meter No. 351 on May 9, 1901,
shown in fig. 29, page 89, there are only four observations for veloci-
ties less than 0.5 foot per second and none below 0.45 foot per second.
The extension of the table to velocities less than 0.5 foot per second is
probably made on the assumption that this part of the rating curve is
a straight line. That this is very far from the truth can be seen from
an inspection of the three curves of fig. 29. Another reason is that
discharge shown by the Cornell University standard weir is probably
from 1 to 3 per cent too large for low heads on the weéir. Recent
experiments seem to indicate this fact. These two causes, however,
account for only a comparatively small part ef the difference between
current-meter and weir discharge at low velocities which the experi-
ments of series A and C, and others made since the writing of the
body of this paper, indicate. The failure of the meter to indicate as
high a velocity when held in a very slow-moving current, as when the
meter is dragged through still water, is probably due to the stream
lines becoming more and more oblique to the axis of the canal as the
velocity decreases, and consequently their impact on the meter being
less than when they moved more nearly in the direction of the axis of
the canal.

ERROR IN USING AVERAGE OF BOTTOM AND SURFACE VELOCITIES FOR
MEAN VELOCITY.

The following table gives the mean velocity and the average of the
velocities 0.5 foot above the bottom and 0.5 foot below the surface for
the experiments of series A, C, and Dj; also the error, in per cent, made
by using the average of surface and bottom velocities instead of the
mean velocity. "It is seen that in all these experiments except two the
mean velocity is greater than the half sum of the surface and bottom
velocities, the difference varying from —2.2 per cent to4380.6 per cent.
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ble showing relation between mean velocity and average of surface and bottom velocities
as found from Cornell University standard weir and from current meters in Cornell
exrperiment canel. -

. leries A. Series C. Series D.
No. of _
cxXperi- Sl £ 4 37 17
ment. v v =y T |4 =1 v i sl
1 V Vo
Feet per | Feet per Feet per | Feet Feet per | Feet per
second. | second. | Per cent. secmzz)d. secmlz)g Percent. | second. | second.
1 1.164 0.987 +15.3 1.409 1.412 — 0.2 1.436
2 0.573 0.416 +27.5 0,932 0.954 — 0.2 1.436
3 0.477 0.468 + 0.2 | ]eeeeieaae
0. 265 0.231 4128 |
1.444 1.364 F 5.6 |
1.018 0.940 E 3 A P I
LU O O e
0.255 0.177 +30.6 1.807
0.515 0.435 +15.5 1.779
1.914 1.730 + 9.6 1.613
1,283 1.129 +12.0 1.500
0.893 0.7569 +15.0 0.973
0.478 0.422 +11.8 0. 897
1.454 1.3 | 4 9.8 |ioeoiioifeiicaaanat
0.915 0.784 +14.3 0.704
0.229 0.179 +21.8 0. 659

V'=mean velocity found from standard weir. .

¥V’ =mean of velocities 0.5 foot above bottom and 0.5 foot below surface, as found by metcrs un-
corrected.,

From the foregoing table, and from the table on page 79, in which
is given the ratio of bottom velocity to mean velocity, it appears that
bottom velocity is not a desirable quantity to use in computing dis-
charge, for it varies between too wide limits. In a stream with a stony
or gravelly bottom the limits must be considerably greater than in the

- Cornell canal with its smooth bottom. Observations at mid depth or
at six-tenths depth give better results.

COMPARISON OF RESULTS BY THREE METHODS OF OPERATING METER.

Three methods of operating meters have been used in these experi-
ments, viz, the ordinary method, the six-tenths-depth, and the inte-
gration. A detailed account of the manner of operating the meter
by each of these methods has been given on pages 63 to 64. The time
required to make a discharge measurement was from thirty to sixty
minutes with the ordinary method, from twenty to thirty minutes
with the six-tenths-depth, and from five to ten minutes with the
integration.

The results by the ordinary method in series A to D (fig. 16, p. 69)
give for each meter a well-defined line, which agrees with the weir line
(0-0’) within about 2 per cent for velocities greater than 1.5 feet per
second, the meter discharge being less than the corresponding weir
discharge. '

The agreement with the weir discharge is closer in series E than in
series A to D, being —0.03 per cent for the Haskell meter, —1.13 per
cent for Price meter No. 363, and —1.88 per cent for Price meter No.
351. The results by the six-tenths-depth method do not give as well-
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defined a line (fig. 17) for each meter as do those by the ordinary
method, the meter discharge being from 1 to 6 per cent greater than
the corresponding weir discharge, and the mean being 3.5 per cent for
small Price meter No. 363. If the observations with the latter meter
had been taken at sixty-four-hundredths depth instead of at six-tenths
depth the line representing the mean would coincide with the weir
line 0/, and the greatest percentage variations from the mean would
be —2.5 per cent and +2.5 per cent.

The results by the integration method do not give a well-defined
line. The meter discharge is from 1 per cent to 9 per cent greater
than the weir discharge for velocities greater than 0.5 foot per sec-
ond in the experiments of series C and D, and from 0 to 5 per cent
less than the weir discharge for the experiments of series A. The
following table gives the true velocity as found from the weir and
the velocity found by the integration method for different speeds of
the meter; also the ratio of difference between these velocities and the
true velocity, expressed in per cent:

Table showing effect of variation of speed of meter in integration method.

Velocity
True
5 Speed of | of water
No. of velocity f b V—v, Kind
experi- Date. Depth. | by weir | Meter yme. | Y=h o
ment. () pgr segsﬁd. texi) g lI:'l) vV of meter.
second. second.
1900. Feet. Feet. Feet Feet., Per cent. (@)
1| May8 .oooviiniiieienaannns 8.10 1.268 0.101 1.268 0.00 | 8. P.351.
2 |eaunn T SR, 8.10 1.268 0.152 1.235 | + 2.60 Do.
........... 8.10 1.268 0.270 1.200 | + 5.35 0.
7.54 0.841 0.079 0.834 | + 0.09 | Fteley.
7.54 0.841 0. 065 0.8421 — 0.01 Do.
7.85 1.056 0.056 1.028 | 4 2.65 | 8. P. 351.
7.85 1. 056 0.043 1.008 | 4 4.54 | L. P. 88,
7.73 0. 980 0.032 0.978 | + 0.02 | 8. P. 361.
9.46 1.409 0.118 1.429 | — 1.42{ 8. P. 363.
9.87 0. 932 0.142 0.982 | — 5.36 Do.
9.34 0.477 0.164 0.485 | — 1.68 Do.
8.92 0.265 0.107 0.308 | —16.23 Do.
7.67 -1.444 1 0,137 1519 | — 5.20 Do.
7.64 1.018 0.135 1079 — 5.9 Do.
7.68 0. 502 0.143 0.522 | - 3.9 Do.
7.56 0. 256 0.128 0.812 | —22.85 Do.
6,01 0.515 0.142 0.555 | — 7.77 Do.
6.28 1.940 0.180 2.030 | — 4.64 Do.
6.40 1,283 0.154 1,338 | — 4.29 Do.
4 6.32 0.893 0.188 0.920 | - 8.02 Do.
October29.... 8.48 0.478 0.151 0.492 [ — 2.93 Do.
22 | October3l.... 8.47 1. 45¢ 0.292 1.652 | — 6.74 Do.
23 1..... {s S 8.51 0.916 0.258 1,002 | — 9.51 Do.
24 | November1 .. 8.46 0.229 0.185 0.319 | —39.30 Do.
25 | December6... 9.51 1.528 0.253 1.640 | — 0.78 Do.
26 [..... do........ 9.51 1.528 0.284 1.572 | — 2.87 | Hask. 3.
27 | December7... 9.32 1.535 0.243 1.576 | — 2.66 Do.
December 8. .. 7.25 1.9056 0.262 1.962 | — 2.99 Do.
7.22 1.649 0.295 1.748 | — 6.00 Do.
7.18 0. 955 0.254 1.039| — 879 Do.
5.15 0.689 0.179 0.752 | — 9.14 Do.

a8, P.=small Price; L. P.=large Price; Hask.=Haskell. Figures given are the numbers of the
meters.
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Table showing effect of speed of meter on observed wvelocity as found by the integration
method in experiments of table on page 84.

Experiments Nos. 9 to 25, omitting Nos. 12, 16, and 24, Experiments Nos. 1 to 8.
Speed of Speed of . .. |Speedof . -, |Speed of Speed of .
meter | Y—Vi | meter | ¥=Y1 | meter | ¥=W1 ?neter Y-V | meter | V—T
0.10 to Vv 0.14 to V 0.18 to Vv 0.05 to vV 0.15 to vV
0.14. 0.18. 0.30. 0.15. 0.30.
Feet per Feet pér Feet per | - Feet per Feet per

second. | Per cent.| second. | Per cent. | second. | Per cent.| second. | Per cenl. | second. | Per cent.
42 —b.36 0.180 —4. 64 0. 056 +2.65 0.152 +2. 60

—1.68 0.188 --3.02 0.043 +4.54 0.270 +5.35
—3.99 0.293 —6.74 0. 032 40.02 Jooeeiiiiieennenaaan
=7.71 0.258 —9.51 0.101 L
—4.29 0.253 —0.78 0.079 F0.09 oo
—2.93 0.234 —4,94 0. 065 —0.0L |eieeennafiaaeanaas
—6.83 |eeeemiini]eieaea.ns 0.061 +1.22 0.211 +38.97

This ratio is positive for all the experiments of series A, and is nega-
tive for thoseof Cand D. This difference of sign is due to two causes:
(1) The meter was moved faster in the experiments of C and D than
in those of series A; and (2) it was moved through only 14 feet of the
width in series C and D and through nearly 15.5 feet of the width in
series A, and the additional 1.5 feet of width had a small velocity.
It is seen from the above table that for low velocities the error in
velocity increases as the speed of the meter increases. The table on
page 84 shows this effect for velocities from 0.5 foot to 2 feet per
second ‘ '

COMPARISON OF RESULTS OBTAINED IN 1900 WITH THOSE , OBTAINED
N 1901.

Examining the plotted results in figs. 16 (p. 69) and 18 (p. 70),
it is seen that the meter discharge, compared with the corresponding
weir discharge, is somewhat larger for the work of 1901 than for that
of 1900 for velocities greater than 1.4 feet per second. This can not
* be due to change in rating of the meters, for an increase in the fric-
tion in a meter would reduce the observed velocity and make the
meter discharge too small. There was considerably more seepage
into the canal when the experiments of series E (1901) were made
than at the time those of A, B, C, and D (1900) were made. There
was also quite a little surface water entering the canal between the
weir and the meter section in the experiments of series E. Itis hardly
possible, however, that this inflow between the weir and the meter
section could amount to 2 per cent of the canal discharge. It must be
borne in mind in this connection that the discharges obtained in 1900
for velocities greater than 1.4 feet were in shallow water, and there-
fore are not so reliable as those obtained in series E. ‘

EFFECT OF METHOD OF HOLDING METER IN WATER.

In some of the experiments the meter was suspended from a cable;
in others it was held in the water with a rigid rod. In the latter cases
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its axis was free to move about a horizontal axis; in the former cases
it was free to move about a vertical as well as a horizontal axis. When
used with a cable a sinker is necessary, which, being attached to the
under side of the meter, keeps the axis of the revolving wheel farther
from the bottom than is desirable in some cases. . It is also difficult to
keep the meter in any desired place when held with a cable, and it
usually changes its position considerably in a swift current. It was in
order to measure the velocity close to the bottom and keep the meter
at a desired place during the observation that in many of the experi-
ments the meter was held with a rod. Inordinary river gaging, how-
ever, the Price and Haskell meters are held with cables and the meters
are rated in still water suspended from a car and cable. The question
then arises: ‘‘Is the rating table for a meter used suspended from a
cable applicable to the same meter held with a rigid rod?”

On December 30, 1900, Mr. E. G. Paul made two ratings of small
Price meter No. 851 in still water, one with the meter held with a rigid
rod and the other with the meter held with a cable and a 5-pound lead
~ sinker. In the following tables (pp. 87 and 88) are given the observa-

tions and computations of these ratings. The second column (‘‘time
in seconds”) gives the average time required for the car to which the
meter was attached to move over a run of 100 feet, and again over
the same course in the opposite direction; the third column gives the
_number of revolutions observed in this average time; the seventh
column gives for each of these cases the difference between the observed
velocity and the velocity computed from the old rating table of April
23, 1900, for the same meter held with a cable. The tenth columnrn of
the first table (p. 87) gives the difference between the observed velocities
and those computed from the new rating table, which is hased on meter
rated in still water and held by a rigid rod. The portion of this new
rating table, which was used in reducing the Cornell experiments, is
given on page 81. By-comparing the corresponding quantities in the
seventh and tenth columns of this table it will be seen how much more
closely the values in the new rating table fit the observations than do
those of the old one. - The tenth column shows also how much the rela-
tion between the revolutions per second of this meter and the velocity as
shown by these observations differs from the *‘ most probable” straight
line, y=0.0474-2.813z, y being velocity in feet per second and @ revo-
lutions of meter wheel per second. From the seventh column of the
table on page 87 it is seen that the observed velocities are larger than
the computed velocities, indicating more friction in the meter on
December 30, 1900, than on April 23, 1900.
The ‘‘most probable” linear relation between @ and y for this case
of the meter held with a cable was found to be y=0.067+42.321z The
differences in the tenth column show that this line does not fit the
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observations. It crosses the curve given by the observations twice as
y increases from 1 to 8 feet per second. The rating table was prepared
by using this line as a basis, applying corrections as indicated by the
corresponding difference of the tenth column, so that the rating table
will difference smoothly. The numbers in column 12 show how
closely the observed velocities agree with those computed from the
new rating table with the meter held with a cable.

It should be noted that the smallest observed velocity is about 0.5
foot per second in one case and 0.35 foot in the other case.

Observations and computations of a rating of small Price meler No. 851 held by rigid rod,
made at Chevy Chase, Md., December 30, 1900.

1. 2and 3. 4. 5. 6. 7. 8. 9. 10. 11.

Length of run,
100 feet. Revo-

s Ob- Com- . "
(l;lb(;ec;f lRe vo- lul?e(;‘ns sgﬂs‘gy vgﬁ}ce;}[y Dexnﬂceé - xr? iy Rﬁ:ld' v2
i - ions —y). .
vation. | oo é}tﬁgj se(egjl}d ). (e |-y @)
ter.

Feet per | Fect per | Ft. per
second.- | second. |second.

Sece-

onds.
1. 9.26 43.00 | 4.648 10. 811 10,815 1 —.004 | 21,604 | 50,245 | +-. 059 | . 003481
21 10.5 42,50 | 4,048 | 09.524 9.405 | +.119 [oeuiemifie et et
3| 16.0 43.00 | 2.688 6.250 6.231 | +.019 | 7.225 | 16.800 | —.014 | .000196
4| 22,5 43.00 | 1,911 4,444 4,414 | +.030 | 3.652°| 8.493 022 |, 000484
5| 35.0 42,25 [ 1.207 2. 857 2.797 | +-.060 | 1.457 | 3.448 | +.018 | . 000324
6| 45.0 42.00 | 0.933 2,222 2,183 | +.039 | 0.870 | 2.073 | +.017 | .000259
71 53.0 42,00 | 0.794 1.887 1.867 | +-.020 | 0,630 | 1.498 | +.003 | .000009
8| bib 42.00 | 0.774 1.835 1,823 | +.012 | 0.599 | 1.420 [ —.003 | .000009
"9 68.0 41.75 | 0.614 1.471 1.461 § +.010 | 0.877 | 0.903 | +.004 [ .000016
10 | 85.5 41,75 1 0.488 1.170 1.174 | -.004 | 0.238| 0.571 | —.006 | .000036
11 | 106.5 41.00 | 0.385 0.939 0.944 | —.005 | 0.148 | 0.362 | +.001 | .000001
12 | 118.0 41.00 | 0.363 0, 885 0.891 | —.006 | 0.132] 0.321 | — 000004
13 1 154.0 40.50 | 0.263 0. 649 0.669 | —.020 | 0.069 | 0.171 | —.006 | .000036
14 | 197.0 39.50 | 0.201 0. 508 0.6522 | —. 014 | 0.040 | 0.102 | —.004 | .000016
15 | 220.0 39.00 | 0.177 0. 455 0.569 | —.014 | 0.031 | 0,081 | —.001 | .000001
16 | 293.0 36.90 | 0.126 0.341 0.351 ] —.010 | 0.016 | 0.043 | —.003 | . 000009

16,572 36.724 37.008 | 86.531 .C04911

aComputed from rating table prepared from rating of April 23, 1900.
bOmitted in computing 3 x and = y.

NoTE.—Observation equation, y—a—br=v; normal equations, a = x+b 3 x2=3 zy, na+bIx=3y.
For these observations these become 15.572 a-+37.088 b=86.531, 15a-15.572b=36.724. The solution

®—.019. Th -
=i 019, eprop

of these gives »=2.313 and a=.047. The mean error of a single observation is \/

able error of result is 6,745 '\/ 2 v

=.003.
n\n—1) 0
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Observations and compulations of a rating of small Price meter No. 351 held by cable,
made al Chevy Chase, Md., December 30, 1900.

1. 2 and 3. 4. . 6. 7. 8. 9. 10. 11. 12,
Length of run,
100 feet. Revo- | Ob- | Com- Com-
No. of lutions |served | puted | Differ- Resid- | puted | Differ-
obser- Revo-| per | veloe- | veloe- | ence x? 2y ual. | veloc- | ence
vation. Time lutions|second| ity ity | (). (v). ity | (y-v'").
*|of me-| (x). (). (y').a ").»
ter.
Sec- Ft. per | FY. per | Ft. per Ft. per
onds, second. | second. | sccond. second.
1 10.5 ) 42.00| 4.000 | 9.524 | 9. B S AN PR O PR
2 12,51 42,50 3.400 | 8.000 | 7.900 | +.100 | 11.560 | 27.200 | 4.042 | 7.98 |+.02
3 16.5 | 42.50 | 2.576 | 6.061 | 5.967 | +.094 | 6.636 | 15.613 | +.015 | 6.04 [+.021
4 21.5 | 42.75 | 1.990 | 4.651 | 4.588 | +.063 | 3.960 [ 9.256 | —.034 | 4.68 [—.029
5 26,0 | 42.50 ) 1.635 | 8.846 | 3.767 | +.079 | 2.673 | 6.288 | —.015 | 3.837 |+.009
6 29.0 | 42.50 | 1.465 | 3.448 | 8.383 | -+.0656 | 2.146 | 5.051 | —.020 | 3.443 [4.005
7 3L.0| 42,25 | 1.363{ 8.226 | 8.151 | +.075 | 1.858 | 4.397 | —.004 | 3.290 |4.017
8 41.0 | 42.60 | 1.037 | 2.439 | 2.411 | 4-.028 | 1.075 | 2.529 | —.084 | 2,451 [—.012
9 60.0 | 42,50 | 0.850 | 2.000 | 1.990 [ +.010 | 0.723 | 1.700 | —, 039 | 2.024 |—.024
10 6.0} 42,00 | 0.688)| 1.639| 1.624 ] +.015| 0.473 | 1.128 | —. 024 | 1.656 |—.016
11 70.0 [ 42.00 | 0.600 | 1.429 ! 1.430 [ —.001 | 0.360 | 0.857 .030 | 1.454 |—.025
12 80.5 | 41.25| 0.512| 1.242 | 1.226 ( +.016 | 0.262 | 0.636 | —.018 | 1.256 (—.014
13 90.5 [ 40.00 | 0.442 | 1.105| 1.072 | +.033 | 0.195| 0.488 | +.012 | 1.098 (+.007
14| 105.5( 39.00 | 0.870 | 0.949 [ 0.908 | +.041 [ 0.137 | 0.851 | +.024 | 0.938 |+.011
15 126.0 [ 38.00 | 0.304 | 0.800| 0.759 | +.041 | 0.092} 0.243 | +.028 | 0.790 |+.010
16 140.0 | 37.60 | 0.264 0.714 | 0.671 | +.043 | 0.070 | 0.189 | +.035 | 0.697 |+.017
17 1710} 36.00 | 0.215| 0.685 | 0.556 | +.029 | 0.046 | 0.126 | +.019 | 0.585 |—.000
18| 184.0 | 36.00| 0.196 | 0.543 | 0.507 { +.036 | 0.038 | 0.106 | +.022 [ 0.541 |+.002
19| 211.0| 3576 | 0.169 | 0.474 | 0.452 | +.022 | 0.029 | 0.080 | +.015 | 0.479 |—.005
18.076 | 43.151 82.834 | 76.239 |

aComputed from rating of April 23, 1900.
bComputed from rating of December 80, 1900.

NoTtE.—Most probable straight line given by these observations, y=.067-+2.321z.

The following table shows the percentage difference of velocity for
each 0.05 revolution for these two ways of holding the meter. It is
seen that a given number of revolutions per second of this meter indi-
cates a higher velocity when it is held with a cable than when it is held
with a rigid rod, and that this percentage difference decreases as the
velocity increases. In other words, in a given velocity the meter will
revolve faster when held with a rigid rod than when held with a cable.
It must be remembered that the values given in this table for veloci-
ties less than about 0.5 foot per second are only approximate, since
the observations do not extend below 0.35 foot per second. We may
say that if the rating table for this meter held with a cable be used to
reduce observations made with the meter held with a rigid rod, the
results will be in error from 1.8 per cent to 8.5 per cent for velocities
from 1.5 feet to 0.5 foot per second.
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Table showing percentage difference in velocity as shown by small Price meter No. 351
when rated in still water on a rigid rod and on a cable.

Speed of v - V,— Ve || Speed of v v Vi—Ve
meter. T e v, meter. x ° Ve

R. per sec.|F. per sec. |F. per sec.| Per cent. || R. per sec.lF. per sec. F.per sec.| Per cent.
0.15 0.397 0.433 9.1 0.60 1.435 1.455 1.4
0.20 0. 510 0. 550 7.8 0.65 1.5650 1. 568 1.2
0.25 0.625 0. 666 6.6 0.70 1. 666 1. 682 1.0
0.30 0,741 0.781 5.4 0.75 1.782 1.796 0.8
0.35 0.857 0. 894 4.3 0.80 1.897 1.910 0.7
0.40 0.972 1. 006 3.5 0.85 2.013 2.024 0.5
0.45 1.088 1.118 2.8 0.90 2.129 2.138 0.4
0.50 1.204 1.230 2.2 0.95 2,244 2.252 0.4
0.55 1.319 1.342 1.7 1.00 2.36 2,37 0.3

7 .=veloeity with meter rated on a rigid rod.
V" .=velocity with meter rated on a cable.

Small Price meter No. 351 was again rated three times on May.9,

1901.
a rod, the meter being free to tip; and (3)
with a rod and the meter not free to tip.
Space will not permit the insertion of the
observed data or the computations, but
the results are plotted in fig. 29, using 2=
revolutions per second as abscissee and

L= %;= ratio of velocity to revolutions as

ordinates. It is seen that these rating ob-
servations give a separate curve for each
of these cases. The value of A for any
value of & for one curve is very different
from that for the other curves for veloci-
ties less than about 3 feet per second. For
example, for £=0.3, H=2.755 for case 1
(curve A X)), 2.585 for case 2 (curve BE),
and 2.485 for case 8 (curve DF’). The co-
efficient is largest when the meter has the
most freedom of motion and least when it
has no freedom of motion. As the velocity
for a given number of revolutions varies
directly with X, the velocity decreases as
the freedom to tip about a horizontal axis
and to swing around a vertical axis de-
creases.

It was held (1) with a cable, using an 18-pound sinker; (2) with

|

Hovarw

e

X
9141 _."-0/1“"’ >
Wi

[

% Fw A

1Y
Rerolutions per sac.

Fia. 29.—Curves showing relation be-
tween revolutions of meter and ratio
between velocity of water and revo-
lutions of meter from three ratings
of small Price meter No. 351 at Chevy
Chase, Md., May 9, 1901. Crossed
circles are for observations with me-
ter held with cable, an 18-pound
sinker being used. Heavy black
dots are for observations with meter
held with rod and free to tip. Open
circles are for observations with me-
ter held with rod and not free to tip.

Or, stated in the other way, in a current of a given velocity

the revolutions increase as the freedom of motion decreases. Each
of these cases therefore requires a separate rating table.
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SURFACE VELOCITY EXPERIMENTS WITH FLOAT RODS AND WITH
CURRENT METERS.

It was noticed during the weir and current-meter comparisons that
the shape of the vertical velocity curve near the surface obtained with
a small Price meter was quite different under certain conditions from
that obtained with the Haskell meter under the same conditions. This
peculiarity can be seen in the simultaneously obtained curves of fig. 30.
The Haskell meter indicates a higher surtface velocity than the Price
meter. By surface velocity obtained with a meter is meant that
obtained when the revolving part of the meter is entirely under water
all of the time and yet as close to the surface as possible. ¥or the three
‘meters used in these surface velocity observations the distance of the
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Fig. 30.—Vertical velocity curves from simultaneous experiments of series E with small Price
meter No. 363 and with Haskell meter No. 3. Large black dots are for Price meter, open circles
for Haskell meter,
center below the surface was as follows: Small Price meter No. 351,
from 2.5 to 3 inches; Fteley No. 107, from 3 to 8.5 inches; Haskell
No. 3, from 4 to 4.5 inches. -

In order to investigate this matter further the surface velocity of a
part of the canal was measured simultaneously with floats and with
two current meters. The floats used were 6-inch cubes of wood loaded
with lead so as to have an immersion of 5% inches. Surface floats of
wood 6 inches by 6 inches by 1 inch thick were also used. These were
started near the center of the canal 18 feet above the upper wire and
timed over a run of 60 feet. Any that passed the lower wire within 2
feet of either side were not used in computing velocity. The meters
were held 10 feet below the lower wire, the Haskell at 5 and 7 feet
from the south side of the canal, the Price at 9 and 11 feet from the
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south side, and the revolutions were counted for periods of forty
seconds. The results of the experiments are given in the following
table:

Comparison of surface velocity measured with float vods and with current meters.

Small Price meter No. 351. Haskell meter No. 3.
Number s Number ; Number 1o | Number |- N

of flont | VEIOCIty| Tog g | Veloally | of oy | Velocity | Top 49. | Velocity

observa- floats second morer, |Observa- foats second meter

tions. = | periods. : tions. | periods. .
Fect per Teet per Feet per Feet per

second. second. second. second.

11 3.122 10 2,794 13 3.083 13 3.171

12 3.076 12 2, 806 12 3. 144 12 3.187

13 3.030 13 2,818 10 3.135 10 3.165

36 3.076 35 2, 806 35 3:121 35 3.174

During the foregoing observations the depth of water in canal was
6.04 feet, its mean velocity 2.8 feet, and the discharge 275.3 cubic
feet per second. The float velocity that is compared with the Price
meter velocity is obtained from the floats passing the lower wire from
" 2 to 8 feet from the south side of canal; that which is compared with
the Haskell meter velocity is found from the floats passing the lower
wire from 8 to 14 feet from the south side of canal. It is seen that in
each experiment the float velocity is greater than that of the Price
mieter and less than that of the Haskell meter. The mean float
velocity for the three experiments is 8.8 per cent greater than the
velocity with the Price meter and 1.7 per cent less than that with the
Haskell meter. ) '

It was thought that possibly this failure of the small Price meter to
give correct.surface-velocity indications was due to wave motion of
the meter. Another experiment was therefore made with the floats
and with the meter held with a rod and not free to tip. Fteley electric
meter No. 107 was also used in place of the Haskell meter. The floats
were started at many points in the width of the canal and were timed
over a run of 50 feet. Those that came within 2 feet of either bank
were not used in computing the velocity. The meters were held 24
feet below the lower wire at points from 0 to 7 feet from the center,
and the revolutions were counted for 50-second periods.

The mean surface velocity shown by the small Price meter from
thirty-two 50-second periods is 1.967 feet, and the corresponding float
velocity obtained from ten floats passing from 2 to 8 feet from the
south side of canal is 2.146 feet. 'The corresponding surface velocity
shown by the Fteley meter is 2.074 feet, and by the floats from 8 to
14 feet from the south side of canal, 2.137 feet. The float velocity is
8.3 per cent greater than the Price meter velocity and 2.95 per cent
greater than the Fteley meter velocity. The difference between the
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float and the Price meter velocities is about the same as in the previous
experiments.

During this experiment the Price meter was held 3.5 feet from the
south side of canal, with its center 2% inches below the surface for
seven 50-second periods, and again with its center 4.5 inches below
the surface for about the same length of time. The mean velocity at
2% inches depth was 1.884 feet, and at 4.5 inches depth it was 2.035
feet. The float velocity at this point was 2.187 feet. The indicated
velocity increased 7.4 per cent as the meter was lowered 1% imches,
The float work in this experiment is not very satisfactory.

On May 20 vertical-velocity-curve data were taken with small Price
meter No. 351 and with Haskell meter No. 3 for different mean veloci-
ties, with a view to determining the magnitude of this error at differ-
ent velocities and depths below the surface. The Haskell meter was

“held with a cable 1 foot south of the center of the canal and 244 feet
from the weir; the Price meter was held with a cable 1 foot north of
the center of canal. The following data were obtained:

Velocities near the surface of Cornell University experiment canal as found with small
Price meter No. 851, and with Haskell meter No. 3.

Small Price meter No. 351.¢ | Haskell meter No. 3.b

Depth below surface,

Number of run. Depth below surface, in inches. in inches.

2.5” 4.5 6.5 8.5 4.5 6.5 8.5

Second .......viiiiiiiiiii e aaaeaa 0.490 |. 0.482 [........ 0 0 0

Third. ... 0.595 | 0.575 |........ 0.592 | 0.615 0. 602
Yourth .... 0,958 | 0.958 | 0.942 | 1.015 | 1.032 1.010
Fifth ...... . L 1.281 | 1.320 | 1.299 | 1.348 | 1.825 |........
Sixth ... . 1.457 | 1.389 | 1.434 1.480 i 272) 1.412

Seventh (... i . 1.666 | 1.583 |........ 1.552

aMeter held with cable 1 foot north of canal center and 244 feet, from, weir,
b Meter held with eable 1 foot south of canal center and 244 feet from weir.

Each run lasted about half an hour, during which time the mean
velocity remained constant. These results indicate that for velocities
less than 1.5 feet the difference between the velocities indicated by
these meters is small from the surface to a depth of 8.5 inches.

In the upper right-hand corner of fig. 30 is a vertical velocity curve
prepared from thirty-five 50-second observations taken in forty min-
utes 7 feet from the south side of the canal, at a station 220 feet from
the weir, with small Price meter No. 351. It shows a decrease of 8.5
per cent in the velocity 2% inches below the surface.

From these float and eurrent-meter surface velocity experiments we
conclude that a small Price meter will not measure velocity correctly
when its center is within 0.5 foot of the surface, if the velocity be
greater than 1.5 feet per second, and that this error increases from 0
at about 0.5 foot below the surface to 8 or 9 per cent at 2.5 inches
below the surface. '
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LOW VELOCITY CURRENT METER AND WEIR COMPARISONS.

The current-meter and weir-discharge comparisons described on
pages 58 to 80 seem to indicate that for velocities less than about 0.5
foot per second the discharge given by the meter is less than that given
by the weir, and that this difference increases as the velocity decreases.
With a view to examining this point further, small Price meter No.
375 was rated on October 26, 1901, and the Fteley meter No. 107 on
November 1, in the 10-foot canal at Cornell University. A chrono-
graph was used to indicate the time and revolutions. The rating in
each case was carried to velocities less than 0.2 foot per second; for
these lower velocities the motion of the car was not very steady. On
October 25, November 1 and 20 comparative measurements of the
discharge of the 10-foot canal were made with these two meters and
with the standard weir, using the 0.6 depth method. The results are
given in the following table:

Low velocity current ineter and standard weir discharge comparisons.

Small Price meter No. 375. Fteley meter No. 107.
Date. - Mean velocity. g Date. Mean velocity. | -
Depth V—Tw Depth. Vo=V
water. | Weir | Meter Ve pLh. - - Vo
> - Ve ¥
Iy Vo "

Feet. | Feet. Feet. | Per ct. 1901. Feet. | Feel. | Feet. | Percl.
7.79 .564 .468 | +17.0 1.267 | 1.277 | — 1.6
7.52 .401 | a.166 b8.8 1,098 | 1.129 | — 2.8
7.70 508 | a,390 | +23.2 951 L957 | — 0.7
7.90 . 630 L5627 ) +14.7 872 907 | — 4.0
8.02 L7112 .646 | 4+ 9.1 L1564 L1271 4175
8.12 776 15+ 7.9 361 L3221 +10.8
8.25 .863 | .826 | + 4.3 529 522 + 1.3
7.95 . 666 611 | + 8.9 674 L6931 + 2.9
9,061 1.464 ) 1.427 | + 1.8 286 .263 | +11.5
8.79| 1.257 | 1.269 | + 0.0 169 142 +16.0
8.58 | 1.098| 1.080 | + 1.7
8.36 . 961 L890 | + 6.4
8.24 -872 .830 1 + 5.1

aNo measurable velocity in some parts of section.

The results for the Fteley meter are plotted in fig. 81, and those for
the Price meter in fig. 32.

Some of these discharge measurements were made just previous to
the rating of the meters, and the remainder only a short time after.
They indicate, as in the other comparisons, that the meter discharge
obtained in this canal by this method is less than the corresponding
weir discharge for low velocities. Whether this difference was due to
imperfect rating of the meter, to the method of measuring the dis-
charge, to the condition of the water in this canal, or to the meters
themselves was then to be considered. It was frequently noticed that
the rate of rotation of the meter wheel was very irregular in this canal
when the velocity was small.
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The following table shows the irregularity of motion of the water
in the 10-foot canal as compared with that in the 3-foot entrance to
the 6-foot canal:

Table showing trregularity of motion of water in 10-foot canal and 3-foot entrance to 6-foot
canal, Cornell University hydraulic laboratory.

Speed in 10-foot canal. Speed of meter in 3-foot canal.
Fteley meter. Fteley meter. Small Price meter. Fteley meter. |
Revolu- : Revolu- < Revolu- s Revolu- :
tions. Time. tions, Time, tions. Time. | “Yions. Time.
Seconds. Seconds. Seconds. Seconds.

5 32.0 5 20.9 3 24.0 8 27.0

I3 23.4 5 27.0 3 25.0 8 27.0

5 22.9 5 22,7 3 24.3 8 27.2

5 25.1 5 25.0 3 24.0 8 27.3

5 28.5 5 24.9 3 24,7 8 27.5

5 23.9 5 24.9 3 241 8 26.8

5 23.0 5 26.9 3 24.6 8 28.0

5 29.0 5 26.1 3 24,4 8 27.9

5 23,3 5 24.3 3 21.0 8 27.0

g 28.7 5 23.7 8 27.2

311 5 28.0 24,34

5 48.5 b 22.5 27.19

5 25.5 5 . 215 =0, 327

5 34.4 5 21.6

5 27.0 5 25.9

5 32.56 5 25.3

28.99 24.45
v=0. 230 v=0. 263

It is seen that for a velocity of 0.23 foot per second in the large
canal, the variation is from 21 per cent below to 67.8 per cent above
the mean, and for a velocity of 0.258 foot per second the variation
from the mean is from 14.5 per cent below to 14.5 per cent above the
mean. In the entrance to the small canal the variation is only from
1.5 per cent below to 2.9 per cent above the mean for a mean velocity
of 0.827 foot. :

If this irregularity of motion of the water is due to conflicting cur-
rents which strike the current meters obliquely, the difference between
meter and weir discharge may be mainly due to this cause. There is
some reason, however, for thinking it may, in part at least, be due to
the imperfect rating in still water. This Fteley meter No. 107 is one
of the two meters used in the tests of low-water stream measurements
described on pages 100 to 105. During the progress of this work it
was rated at Chevy Chase, Md., by Mr. Stewart and the writer. This
‘rating shows a change of about 1 per cent in velocities from 0.6 to 1.4
feet per second, and a much larger percentage change for very low
velocities. This increase in friction of the meter shown by the two
ratings was not anticipated. There was an interval of fourteen months
between the ratings, but the meter had not been used much, and only
in the laboratory. The conditions during the second rating were quite
different from those of the first, and, on the whole, not so favorable
for accurate work. In the first rating the water was clear, still, and
warm. A chronograph being used, time and revolutions could be read
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to tenths. The motion of the car was somewhat unsteady. In the
second rating the water was muddy, cold, and had a small irregular
velocity, and there was some wind. The motion of the car was steadier
than during the first rating. The distance passed over by the car
for whole number of revolutions was read to 0.5 foot. The rating
table obtained from the secoild rating was used in computing the
meter discharge of 4 feet wooden flume in test of low-water stream
measurements, and these results show a close agreement of meter and

Velocxtﬁf in feet per second.
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FiG. 31.—Diagram showing results Of rating in still and moving water, Fteley meter.

Cippoletti weir discharges even for low velocities. The first rating,
on the face of it alone,’is more accurate than the second; and as it is
not uncommon for a meter to thange its rating that amount in that
time, the evidence is not conclusive.

In view of the fact that current meter and weir discharge measure-
ments differ so widely for low velocities, whether due to the meter or
to the condition of the water, the discharge should not be measured
with a current meter in a section where the mean velocity in any con-
siderable part of it is less than half a foot per second.
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CURRENT METER AND PITOT TUBE COMPARISONS.

With a view to obtaining some data bearing on the adaptability of
a Pitot tube for stream measurements, the writer obtained a tube of
the Darcy-Ritter type, somewhat like that in fig. 2, and measured
with it the discharge of the 6-foot canal in the Cornell University
hydraulic laboratory. He also made some relative ratings of a Pitot
tube of the point and wall pressure type, and two current meters,
in the entrance to this 6-foot canal. The velocity in this canal was
small, and the tube was not a good one, or, at least, was not in good
condition. The results, therefore, are not given. They serve only to

Velocity in feet per second.
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emphasize the fact, noted by others, that this instrument is poorly
adapted to measurement of flow in open channels, and is vastly inferior
to the current meter for this purpose.

APPLICATION OF RESULTS TO ORDINARY RIVER GAGING.

It has been shown that the discharge of the Cornell University
canal can be measured with a small Price current meter by the ordi-
nary point method with an error of not more than 1 per cent under
favorable conditions. This degree of accuracy, however, can seldom
be attained in ordinary river gaging, as the conditions are not so
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favorable for accurate work. The bed of the Cornell canal is hard,
smooth, and regular in shape; the bed of a river is frequently of soft
material, into which the meter will settle, or is gravelly, stony, and
irregular in shape. There are no shallow parts in the canal the depth
and velocity of which it is difficult to measure with aceuracy, but
frequently there are one or more of these in a river discharge section.
There is a good measurable velocity in all parts of the canal for all
depths, while in a river there are frequently parts in which the velocity
is too small for accurate measurement. The change in velocity from
one point to another in a discharge section is frequently greater in a
river than in the canal, on account of obstructions. Fluctuations of
the surface elevation are also larger in a river than in the canal. On
these accounts it is to be expected that ordinary river discharge
measurements may be several per cent less accurate than those of this
-canal.

In river gaging work, however, it is not alone accurate discharge
measurements that are required, but it is the accurate measurement
of the volume passing the gaging station each day and each month.
The accuracy of daily and monthly flow of a stream depends on the
accuracy of the discharge curve, or the relation between the total
discharge and the river stage, and on the accuracy of measurement
of the fluctuation of river stage. The latter is quite as important as
the former, and improvement in it should keep pace with improve-
ments in the former. '

ACCURACY OF RESULTS.

The discharge of the Cornell University standard weir is computed
from Bazin’s formula. It is not possible, however, to measure the head
on the weir in exactly the same way that Bazin measured the head on
his weir, so that this formula is not strictly applicable to this weir.
From experiments made at the Cornell hydraulic laboratory, how-
ever, Prof. G. S. Williams believes that the actual discharge of the
Cornell weir will not differ from that computed by Bazin’s formula
by more than 1 per cent for heads up to 1.5 feet, nor more than 8 per
cent for heads up to 2.5 feet.

The results given in the tables have been obtained with five current
meters operated in three ways by several observers. In several of the
experiments simultaneous measurements were made with two meters,
so that we have several checks on the work. We have not carried
any of the computations beyond the third decimal place, believing
‘that the length of a meter observation, the method of obtaining frac-
tional parts of a revolution of the meter wheel, the uncertainty in the
exaet location of the vertical velocity curve, and the pulsations in the
water do not warrant even this degree of accuracy. In closely study-
ing the results some little inaccuracies will be found, as all the results

IRE 95—04—7
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are not obtained in exactly the same way, though they are believed to
be substantially correct.

In comparing the results of these experiments with results obtained
by other experimenters it must be remembered that we have used
smaller velocities in many of our experiments than were used by them.
In Fteley and Stearns’s comparisons (p. 58) the smallest mean velocity
is 1.7 feet, in Henry’s (p. 50) the smallest is 3 feet, in Bazin’s (p. 43)
the smallest is 1.25 feet, in Francis’s (p. 54) it is 0.5 foot, and in Marr’s
(p- 49) 2.4 feet. For these and higher velocities our meter results by
the ordinary method agree closely with those given by the weir. We
are unable to find any comparisons by other experimenters for veloci-
ties less than 1 foot per second, except a few by Francis with rods and
those at Cornell with rods (p. 57.) The large disagreement between
meter and weir is for the low velocities, a field into which apparently
few experimenters have entered.

CONCLUSIONS. ¢

The conclusions to be drawn from these experiments may be briefly
summarized as follows:

(1) Discharge measured with current meter by the ordinary (point)
method agrees with that given by the Cornell standard weir within 2
per cent for velocities above 1.5 feet per second. (See tables on pages
65 to 68 and 71.)

(2) For velocities less than 1.5 feet per second the discharge found
with the Price meters is less than the corresponding weir discharge,
and the difference increases rapidly as the velocity decreaseb (See
tables on pages 65 to 68.)

(8) For velocities less than about 1.5 feet per second the discharge
found with the Haskell meter is greater than that of the weir, and the
difference increases as the velocity decreases. This difference is 6 per
cent for a velocity of 0.75 foot per second. (See fig. 16.)

(4) The discharge of the Cornell canal can be measured with a small
Price meter, ordinary point method, with an error of not more than
1 per cent under favorable conditions, a velocity observation lasting
fifty seconds being taken in each 2.3 square feet of discharge area.

(56) When the most accurate results are desired the meter should be
held with a rod and not given freedom to tip.

(6) Velocities of 1.5 feet per second and upward obtained with a
small Price meter when its center is closer to the surface than 0.5 foot
are too small by from 0 to 9 per cent. This error, however, decreases
from maximum at the surface to 0 at about 0.5 foot depth.

(7) The small Price meter will measure velocities of 1 foot per sec-
ond and less more accurately than either the large Price meter or ‘the

a3ee also pp. 137, 138, 150, 151, and 160,
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Haskell meter. It appears from these experiments that the smallest
velocity that these meters will measure with a fair degree of accuracy
is 0.5 foot for the large Price meter and the Haskell meter and 0.22
foot for the small Price meter. (See fig. 16.)

(8) The small Price meter should be frequently rated, and it should
be used with much care if accurate results are required.

(9) The six-tenths-depth method gives discharge from 2 to 6 per
cent in excess of that by the weir, depending on the ratio of width to
depth. (See fig. 17.)

(10} The integration method as a rule glves results in excess of
- those given by the weir, the difference increasing with the speed of
the meter and decreasing as the velocity increases. (See fig. 17 and
tables on pages 84 and 85.) By using special care in moving the
meter at a slow speed and a uniform rate it may be possible to obtain
better results by this method than those shown by these experiments.
A device like Harlacher’s (page 38) for giving the meter a uniform
motion will increase the accuracy somewhat. We do-not believe,
however, that the little saving of time of this method over that by
the mid-depth or the six-tenths-depth will warrant the use of any such
device. The method is useful only as a rough check on one of the
other methods.

(11) The thread of maximum velocity is at the surface for depths
less than 2 feet and unobstructed flow at the lower end of the canal.
For depths of 5 feet or more and discharge checked at the lower end
of the canal this thread is from two-tenths to four-tenths depth below
the surface, the mean for thirty-one experiments being thirty-one-
bundreds depth. (See table on page 78.)

(12) The position of the thread of mean velocity varies from five-
tenths depth for small depths to seventy-three-hundredths depth for
the larger depths. For the thirty-one experiments by the ordinary
method of series C and D it is sixty-four hundredths depth below the
surface. (See table on page 78.)

(18) The surface velocity is always greater than the bottom velocity
with center of meter 0.25 foot above bottom. (See figs. 23 to 28.)

(14) The ratio of bottom velocity to mean velocity varies from 0.6
to 0.9, being 0.8 for the experiments of series A, 0.75 for series C, and
0.85 for series D. (See table on page 79.)

(15) The ratio of mean velocity to mid-depth velocity varies from
0.90 to 0.99, the mean of forty experiments being 0.95. (See table on
page 79.)

(16) The average of the velocities 0.5 foot above the bottom and
0.5 foot below the surface is from —2.2 per cent to 4380 per cent less
than the mean velocity shown by the weir. (See table on page 83.)

(17) A small Price meter will revolve faster in moving water of a
given velocity when held with a rigid rod than when held with a
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cable. (See table on page 89.) Hence the same rating table will not
answer for both.

(18) The bottom velocity varies between so wide limits that it is not
a desirable quantity to use in computing discharge; the mid-depth or
the six-tenths-depth is better.

TESTS OF LOW-WATER STREAM MEASUREMENTS.

A knowledge of the summer flow of streams is very important, for
on the minimum flow depends mainly the value of the stream for
water-supply and power purposes. This summer flow is very small
in some streams, in othérs it is nothing; even the larger ones become
very shallow during the low water season. The importance of a
knowledge of the smallest summer flow of streams has caused numer-
ous measurements to be made of small amounts of water flowing,
usually, in a broad shallow channel. On account of the expense of
constructing a measuring weir on a stream the current meter is the
instrument used for measuring minimum as well as ordinary flow.
Frequently this mininum flow can not be measured at the gaging
station on account of the small velocity. It is necessary to go up or
down stream from the gaging station, and find a place where the depth
is at least half a foot, bed not too rough, and the velocity from 0.5 to
1.5 feet per second. Some Western streams have a minimum flow of
0.75 to 4 second-feet, a gravelly or sandy bed, a minimum depth of 6
to 12 inches, and a velocity of 0.5 to 1} feet per second. The velocity
is computed from observation with a current meter held as near to
the bed, and then as close to the surface as possible, (its center is
usually from 0.15 to 0.20 feet from hed and surface). The mean velocity
in a vertical is taken as the half sum of the bed and surface velocities.

In order to test the accuracy of current-meter work done under
these conditions, the following series of comparisons of current-meter
and weir discharges were made in the hydraulic laboratory of Cornell
University during January and February 1903. They were planned
to cover the conditions of quantity of water, depth, velocities and
roughness of bed, that the writer met in his work in Nevada and in
California,

Fig. 33 shows the 6-foot canal in the Fall Creek hydraulic labora-
tory of Cornell University. Water is admitted to it through two
gates 14 feet upstream from the baflle B, and can be measured by the
sharp crested weir F. In this canal was built, as shown, a rectangular
wooden flume 4 feet wide, 2 feet deep, and 20 feet long, with smooth
bottom and sides. C is a 4 by 4 inch timber which serves as a break-
water to destroy the energy of the falling water. D isa baffle made
of 1 by 8 inch timber placed horizontally 2 inches center from center.
G is a bafile like D but with strips 1 by 8 inches placed vertical to hold
back the water and give the required depth for any discharge and per-
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mit the water to pass out through all parts of the cross section. Bisa
bulkhead carrying a 2-foot Cippoletti measuring weir. The hook gage
for showing the head on the weir is 5 feet upstream from the weir.
The current-meter measurements were made at E, 4 feet from the

- ~
- ¥ A Baffle
Y
—*l/’/ookgage
l — — 6'| — —ﬂ c
o
| |
o
"Ilf Cippoletti weir I .§
| |
S >§
| Breskwater : g
| | 5
®
| Baffle | %
&
| A
E [
l o — & ' —J 8
|
l = — 9 —
, =TT .
|| | 1N
| SIS
e 27 I B
13 e | Staweir || =ary l| I | 8
y L I <
SN R |
Baffle

Fia. 33—Plan and sections of flume.

lower end of the flume. The meters were held with a rod clamped in
proper positions to two 2 by 4 inch strips fastened to the sides of the
canal.

Three series of discharge measurements were made with two meters.
Inthe first series the bottom and sides of the flume were smooth, the wood
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being planed hemlock 2 inches in thickness. In the second series the
bed was mixed gravel, and had approximately the shape shown in fig. 33.
Five of these wooden forms were fastened in the bottom of the flume
3 to 4 feet apart, and gravel placed between them. This gravel bed
is shown in Pl. V. 1In the third series the bed was as in series 2, but
with rounded stone 2 to 34 inches in diameter scattered over the bed
these stones being the coarse material of pit gravel.

The current meters used were a small Price meter No. 396 (see Pl. 1,
p- 20), held with a rod and free to tip. The other was the eight-vaned
Fteley meter (see fig. 5, p. 22) used in the experiments described on
pp- 93-95. 7

In the first series the small Price meter was held with its center
0.15 foot from the bottom and 0.15 foot from the surface for periods
of 50 to 100 seconds, and the mean velocity in a vertical was taken as
the half sum of the surface and bottom velocities. The mean velocity
in a vertical was found in the same way with the Fteley meter, but its
center was held 0.2 foot from the bottom and 0.2 foot from the sur-
face. The verticals in which velocity was measured were 0.5 foot
apart, the end ones being 0.25 foot from the sides of the flume.

In the second series the velocity was measured in verticals from 0.5
to 1 foot apart. On January 28, 29, and 30 the meters were held as
close to the bottom and surface as possible, viz, 0.15 foot in the case
of the small Price and 0.2 foot in the case of the Fteley. On Feb-
ruary 10, instead of holding the meters as close to the bottom as possi-
ble, they were each held with centers 0.3 foot above the bottom.

In series 3 both meters were held as near to the surface as pos-
sible, and with center 0.8 foot above bottom in each case.

The order of work was usually as follows: The gate was opened in
order to admit about the quantity of water desired and the bafle &
was adjusted so as to give the required depth at the meter station.
When the flow was steady the hook gage was read, the depths were
measured, velocity was measured with one meter (requiring 7 to 14
observations of 50 to 100 seconds each), depths were again measured,
the hook gage was again read; then the velocity was measured with
the other meter, the depths were measured again and the hook gage
was read; the gate was then changed, and two more discharge meas-
urements made. In some of the experiments the depth was changed
without changing the discharge.

The quantity of water used was so small that the velocity of ap-
proach to the weir was small and the head eould be read with accuracy.
The depths at the meter station were measured with a sharp-edged
thin scale, made for the purpose, marked to hundredths of a foot.
For depths less than 0.7 foot the depth could be read to 0.002 foot
for a depth of 1 foot. The surface was rough, being a succession of
small, irregular, dashy, waves.
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The following table gives the results of 36 meter-discharge measure-
ments and the corresponding weir discharges, arranged in the order
of depths of water at the meter station for series 1, with smooth
sides and bottom. The weir discharge i: taken from *‘The Use of
Water in Irrigation,” by Elwood Mead and C. T. Johnson, United
States Department of Agriculture, Table 1, page 49. This table is
computed from the formula (=38.3% L/}, L being the length of weir
crest in feet, 4 the head in feet, and ¢ the discharge in cubic feet per
second:

Current meter and Cippoletti weir discharge comparisons in 4-foot wooden flume with
smooth bottom and sides.

Dis- {Veloc-{ Dis- | Dis- — _ Dis- —
No. | Date. | VeIr Ipepth |charge| ity |charge charge Q—Qr | &= charge L
head. ? ; Qu Qv
v Vo Q Q Q¢

. |Cub. ft. . |Cub. ft.|Cub. ft.| Per cent.
0.945 22 )., 0.961 |.. ..

842
. 946
L9456
1.242
der-ndoall) B 1.242
. Jm:i 24| .206 | .461 | .625

R
.
E
g

732 | 10010 | 4,217

@ Depth varied during measurement. b Not velocity enough in some partsof section to start meter.

Note.—The Fteley meter discharge is computed from observations 0.2 foot below surface and 0.2
foot above bottom. The Price meter discharge is computed from observations 0.15 foot below surface
and 0.15 foot above bottom.

Q,=weir discharge. Qg=Fteleir meter discharge. Q,=Price meter discharge. Computed from
rating November 2, 1901.  V,=velocity at meter station computed from Q.

The Fteley meter discharges givén in column 11 are computed from
a rating of this meter November 2, 1901. As it had been used very
little it was supposed that its rating had not changed much, but the
new rating February 4, 1903, at Chevy Chase, Md., shows a change
of about 1 per cent in velocity from 0.6 to 1.2 feet, and a larger change
for the smaller velocities. Some of this change is due to increased
friction of the meter and some to different conditions in the two
ratings (see pp. 94, 95).
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With three exceptions, viz, Nos. 19, 24, and 30, the meter discharge
computed from the new rating table approximates to the weir dis
charge. The per cent variation of meter from weir discharge is from
—3.8 to +2.4 for the Fteley, and from —38.8 to +3.0 for the Price.
Of the three exceptions noted, No. 19 is due to the very small velocity
in some parts of the water section, the meter wheel not turning part
of the time. The other two exceptions are due to an irregular varia-
tion in depth at meter station, as ice formed on the bafile (&) and
obstructed the flow.

The results of the 26 meter-discharge measurements and correspond-
ing weir-discharge measurements for the mixed gravel bed are given
in the following table. On January 28, 29, and 30 the meters were
held as close to the bed as possible, the center of the small Price being
0.15 and the Fteley 0.20 foot above bottom. On February 10 both
meters were held with centers 0.3 foot above bottom. It is seen that
the meter discharge is less than the weir discharge. For the small
Price at 0.15 foot from bottom the variation is from +2.8 to +19.2
per cent, and at 0.3 foot from bottom the variation is from 4-1.3 to
+7.6 per cent. For the Fteley meter held 0.2 foot above bottom the
variation is from +1.6 to 46.1 per cent, and when held at 0.3 foot
above bottom the variation is from —0.7 to —2.5 per cent. A wider
range of variation of meter from weir discharge is to he expected in
a section of varying depth, for there are shallow parts at each end of
section in which the velocity can not be accurately measured.

Current-meter and Cippoletti weir-discharge comparisons in 4-foot flume with mived-

gravel bed.
i —Qr | Q—Q
No. | Date. | el | pepth. | q, Ve Qe N ool e el
Feel. Feet. Cub. feet.| Feel. Cub. feet. | Cub. feet. | Per cent. | Per cent.
0.207 0.381 0.634 0.793 |-eneennnnn 0.606 |.......... + 4.7

270 .439 946 .

.bo9
207 516 634
417 .642 1.818
417 .642 1.813
411 . 647 1.775

.72 914
264 L713 914
271 .723 950
271 724 950
500 764 2,381
500 766 2,381
346 . 828 1.370
346 .830 1.370
346 . 830 1,370
458 L840 2.087
458 .842 2.087
547 .84 2724
553 .849 2,774
569 .875 2.89%0
569 .875 2.890
458 1.008 2.087
458 1,010 2,087
686 1.050 3.826
691 1. 050 3.867

Discharge on January 28, 29, and 30, computed from velocity observations, 0.15 foot above bottom
%{tld] 0.15 fotot below suriace with Price meter and 0.2 foot above bottom and below the surface with

eley meter.

Discharge on February 10, computed from observations, 0.8 foot above bottom, and 0.16 foot below
surface with Price meter and 0.2 foot below surface with Fteley meter.
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It appears that the roughness of the bed has a greater influence on
the Price than on the Fteley meter. In the case of the Price meter
the variation of meter from weir measurement increases as the veloeity
decreases.

The following table gives the results of 11 comparisons of meter and
~veir discharge for a gravel and stony bed. The center of each meter
~vas held 0.30 foot above bottom, except at the sides, where the depth
~ag not sufficient to permit it. The variation for the Price meter is
“wom 0.0 to 4 8.4 per cent (with the exception of No. 1), and for the
Tteley the variation is from — 5.6 to +- 3.9 per cent.

Ourrend-meter and Cippoletti weir discharge comparisons in 4-fool flume with gravel and
stone bed.

No. Date. | Head. | Depth. Qv Y, Qe Q ghiﬁ 0y
W w
Feet. Feet. Cub. ft. Feet.

0.964 | 0.442 | 0,912 0.956
676 20| 3743 1.906
676 720 3,743 1.906
470 ed | 2170 1,018
470 64| 2170 1.018
675 s | 373 |  1.59
675 827 | 8735 | 1.576
590 .928 3.052 1.096
590 1928 |  8.052| 1.006
676 1.057 | 8743 | 1.132 .
676 1.063 8.743 1,124 |.o..ooo.e.s 3,543 |.......... + 5.3

aDepth too small to measure velocity at edges.

“gngé; s}ufr’frsilgg. meter discharge, computed from observations, 0.30 foot above bottom and 0.15 foot
"uI:‘%:Lee}., meter discharge, computed from observations, 0.3 foot above bottom and 0.2 foot below

It appears from these tests that the method in use of measuring the
flow of small streams with current meter held close to the bed and to
*he surface, and using as the mean veloeity the half sum of top and
“attom velocity, gives results agreeing closely with those given by a
~eir if the bed is smooth, depth from 0.4 to 1 foot and velocities of
0.4 to 1.5 feet per second. For a gravely bed the meter should be

I~ald with its center 0.25 to 0.85 foot above the bed.

ATUDIES OF ACCURACY OF MEASUREMENT OF STREAM
FLOW.

The object of the following studies was to determine, or at least
throw light upon, the accuracy of river-gaging work, and to improve
the methods. The Cornell University experiments show the degree
of accuracy where conditions are artificial and controllable. But it is
impossible to control the flow of rivers for the purpose of measure-
ment, and it is impracticable to construct measuring weirs in order to
test the accuracy of current-meter work; so some criterion of accuracy
of work must be adopted other than the standard weir. The writer
I'»g adopted the two following criteria: (1) He has compared velocity
obtained at chosen stations by different methods with that obtained
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from vertical velocity curves at the same place. (2) He has compared
discharge obtained by the common methods with that obtained from
the station rating curve. In other words, the departure or variation
of any measured discharge from the mean discharge for that river stage
is a measure of its accuracy. It may be asked why not use the vertical-
velocity-curve method in all cases. For two reasons: (1) It requires
too much time and expense, and (2) the stage of some rivers changes
too rapidly to permit its use in all cases. A change of a foot or more
per hour is common on some streams. The velocity from one bank of
a stream to the other usually varies so much that it is necessary to
measure it in many verticals, and if it is measured in more than one
or two points in each vertical so much time is consumed that there
may be a considerable change in stage and a large error introduced.
It is very desirable that the point of mean velocity (distance below
water surface) be known, so that the meter can bhe held there and the
velocity in a vertical found in one observation. The vertical velocity
curves show the position and amount of the mean velocity, hence their
importance. If the shape of these curves were constant and known in
advance, the point of mean velocity would be known. The shape
varies, however, with roughness of bed, shape and depth of channel,
and river stage. )

Many of the gaging stations are located at bridges to avoid the
expense of a cable equipment. The piers interfere with the natural
flow, thus making accurate discharge measurements near them diffi-
cult. These studies are expected to throw light on the relative accu-
racy of discharge measured from a bridge with piers and a station
where the flow is unobstructed.

The following streams were selected for these studies: Chittenango
Creek, a small stream with unobstructed flow at the carriage bridge,
in Chittenango Village, N. Y.; Chenango and Susquehanna rivers,
streams of moderate size, with flow unobstructed at bridges in Bing-
hamton, N. Y.; Oswego River, of something over moderate size,
with unobstructed flow at the cable station near Battle Island, N. Y.;
Skaneateles Lake outlet, on which is a measuring weir; and the flume
of the Truckee River General Electric Company, at Farad, California.
These stations are described and illustrated in the discussion of the
work done at each.

WORK ON CHITTENANGO CREEK AT CHITTENANGO, N. Y.

This stream rises in the southwestern part of Madison County in
the east-central part of New York State, and flows northwest into
Oneida Lake. Thence its waters find their way, through Oneida and
Oswego rivers, to Lake Ontario. On it are Cazenovia Lake and Erie-
ville reservoir, which regulate its flow to some extent.

" The station is at Main Street Bridge, Chittenango, about 18 miles
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from the mouth of the creek. The bridge is at a bend in the stream,
and at an angle of 60° with the creek. The bed is mixed coarse and
fine gravel. The cross section of the stream, on July 15, 1901, is
shown in fig. 84. The gage is a board marked to feet and tenths,
Width in feet.
0 10 2% 30 0 50 60
° Vela%ffy “4° f

‘ 4k/
/ a Velocity at %o depth. July 15, 1901

® Vertical velocity curves

Depth in feet.

"F1a. 34.—Cross section of Chittenango Creek.
fastened vertically to the right abutment on the upstream side of the
“bridge. ) : ‘
Measurements were made from the upper side of the bridge on July
15, 1901, with small Price meter No. 377, and April 2, 1902, with
small Price meter No. 375. Some of the results are given in the fol-
lowing tables. Fig. 34 shows the cross section at the time of the first
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TFic. 35.—Vertical velocity curves of Chittenango Creek.

measurement, the velocity curve at six-tenths depth, and vertical
velocity curves at 10, 20, 30, and 40 feet, respectively, from the initial
point. Fig. 35 shows the velocity curves obtained in these verticals
on July 15, 1901, and April 2, 1902. The two sets of vertical velocity
carves are plotted side by side, so as to compare curves at same places
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for different stream stages. Between these dates a flood scoured out
the bed of the stream at this place, making the increase in depth much
greater than that shown by the change of stage. b b’ is the change in
stage, a change from a gage reading of 1.80 feet to 2.32 feet. aa’shows
the increase in depth due to scour of bed. The two curves at any point
are seen to resemble each other very closely. The mean velocity at
six-tenths depth is seen to be somewhat less than that obtained from
the vertical velocity curves for the first set of measurements and
the reverse is true for the second set of measurements—that is, the
thread of mean velocity has lowered somewhat as the depth of water
increased. On April 2 the discharge obtained from the vertical veloc-
ity curves was 2.9 per cent less than that obtained by the six-tenths
depth method. Not enough vertical velocity curves were taken July
15 to enable the discharge to be computed, but from those that were
taken, one can see that it would be slightly greater than that by
six-tenths depth method. For some intermediate stage between the
dates of these measurements the discharges by these two methods will
agree.

Results of discharge measurements of Chittenango Creek, Chittenango TVillage, N. Y.

: Meter used
Gage Mean :
Date. Method used. readings. Areas. velocity. Discharge. l()srxi%zl)l
1901. Feet. Square feet. Feet. Cubic feet.
July 15| fdepth ceveennieinniiaiaiia. 1.80 85 63 53 | No.377.
1902.
Apr. 2{..... £ o SR, 2.83 151 1.40 2.12 | No.375.
Apr. 2| Vertical veloeity curves ....... 2,33 151 1.36 2,06 Do.
Vertical velocity curve data, Chittenango Creek, Chittenango, N. Y.
10 feet from initial point. 20 feet from initial point.
Date.
Vel. & D.|Vel.v.v.e.] D. d+D. |Vel. &D. Vel.v.v.c.|] D. d-+D.
1901.
July 15, ot 0.678 0. 695 2.6 0.59 0. 667 0. 660 1.5 0.60
1902,
ApPr. 2 . 1.460 1.520 4.7 .55 1.708 1.670 3.2 .61
30 feet from initial poini. 40 feet from initial point.
Date, -
) Vel. & D.|Vel.v.v.e.| D. d+D. |Vel.&D.|Vel.v.v.e)| D. d+D.
1901. P . B
July 15. o iiiiiiiieiaaa 0.678 | 0.710 1.5 0.54 0.644 0.670 1.5 0.55
1902,
ADPr. 2. 1.657 1.750 3.0 .57 1.494 1.470 3.1 .61

WORK ON SKANEATELES LAKE OUTLET.

Skaneateles Lake is fifth in size of the group of lakes in central
New York that drain into the Seneca River and thence into Lake
Ontario. The water surface of the lake has an area of 12.75 square
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tractions.
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miles, and the drainage area above the foot of the lake is 73 square
miles.

In 1893 the city of Syracuse constructed a masonry dam across the
outlet at the foot of the lake, converting the lake into a storage reser-
voir, and since that time has used a considerable part of the discharge
from the watershed for a municipal water supply.
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FiG. 36.—Plan of Willowglen weir.

In 1894 what is known as the New Willowglen measuring weir was
built on the outlet by the city of Syracuse, about 1.5 miles from the

The plan, elevation, and section of this weir are
It has a sharp crest 27 feet in length, with end con-
The head is measured from a measuring post 5.2 feet
upstream from the crest. The channel above the weir is straight and

shown in fig. 36.
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has an average depth at the weir of 1.5 feet. The velocity of approach
varies from 0 to about 2 feet per second.

Francis’s formula for flow over sharp-crested weirs, with complete
contractions, has been used to compute the flow over this weir. Itis
not strictly applicable, however, as the depth of water below the crest,
and the distance from the ends of the weir to sides of channel approach
are too small to permit the contraction to be complete. The discharge
is probably slightly greater than computed by Francis’s formula.

Three measurements of the discharge of this outlet were made from
a temporary bridge August 29, 1901, with small Price meter No. 377,
about 500 feet above the measuring weir in a straight reach of the
stream.

Width in feet.
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F1G. 37.—Vertical velocity curves, Willowglen, N. Y.

In two of these the mean velocity was obtained from measurements
at six-tenths depth; in the third it was found from vertical velocity
curves. Fig. 37 shows the cross section of the stream at the place of
measurement, also the curve of velocity at six-tenths depth and the
vertical velocity curves. The bed is smooth, being clay, sand, and
fine gravel. The results are given in the following table:

Results of discharge measurements on Skaneateles Lake outlet, Willowglen, N. Y.

Head on| Section Mean |Discharge|Discharge Qe—Qu
Date. Method used. weir. area. |velocity.|by meter.| by weir. Qw
1901. - Inches. Sq. ft. Feet. | Sec. ft. Q,.|Sec. fi. Qn. | Per cent.
1133 68.9 1.272 87.7 a88.86 | - +1.4
124 68.9 1.340 92.3 a 89,37 —-3.2
124 68.9 1.334 91.9 @ 89.37 —2.8

aComputed from table furnished by R. E. Horton.

The discharge by meter calculated from the vertical velocity curves
is seen to be 3.2 per cent greater than that given by the weir formula
used. This is about what would be expected, as the contraction not
being complete on the crest and ends of the weir, the discharge should
be larger than with complete contraction.
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The effect of the banks in modifying the shape of the vertical velocity
curves is shown by the curves at 5 and 28 feet from the initial point.
The effect of bed and bank here is to lower the thread of maxi-
Depth in feet.

mum velocity instead of
raise it.
WORK ON TRUCKEE

RIVER AT FARAD,
CAL.

The headworks and
flume of the Truckee
River General Electric
Company are shown on
PL. VI. Wateris taken
from the Truckee River
at Floriston, Cal., and
brought to the power
house at Farad in a
wooden flume about 10
feet wide, 7 feet deep,
and 8,500 feet long.
Vertical velocity curves
were obtained at two
places in this flume, one
590 feet from lower end
and 150 feet below a
curve, the other 220 feet
farther downstream, be-
yond the influence of the
curve;

At the sections of
measurement, the sides
of flume are smooth.
There are four cleats on
each side covering the
four joints, each cleat
4 by % inches. The
mean width at the up-
stream section was 10.09
feet and mean depth
5.98 feet. At the
downstream section the
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F16. 88.—Curves in upper section, Farad flume, California.

mean width was 10.09 feet and the mean depth 5.96 feet.
Velocity measurements were made at six points at each of the six
verticals, 0.5, 2.0, 4.0, 6.0, 8.0, and 9.5 feet from north side of flume.
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The location of these points, the curves of equal velocity, and the
mean vertical velocity curve for upper section are shown in fig. 88.
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Fi16. 39.—Curves in lowersection, Farad flume, California.
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The upper part of the
vertical velocity curve, -
a’ b, is evidently in er-
ror.

There was no wind at
the time of measurement
or any other cause of
velocity retardation near
the surface. It isdueto
a peculiarity of thismake
of meter. For velocities
greater than about 2.5
feet per second it indi-
cates too small a velocity
when held near the sur-
face. (Seep. 90.) The
points (centers of the lit-
tle circles) defining each
vertical velocity curve,
as well as those on curve
a b e, all fall on a well-
defined curve. The ve-
locity was very uniform
ateach point. The thread
of mean velocity is at
0.76 of the depth below
the surface,  and the
thread of maximum ve-
locity at 0.50 depth.

Fig. 39 shows the
mean vertical velocity
curve, and the curves of
equal velocity in the low-
er section. The thread
of maximum velocity is
near the center of the
canal at 0.42 depth, and
the thread of mean ve-
locity at 0.73 depth be-
low the surface.

The discharge of the flume at the upper section was 209 second-feet,
at the lower 205 second-feet, a difference of about 2 per cent of the

latter.
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A. TRUCKEE RIVER FLUME.

B. CAR AND CABLE AT OSWEGO RIVER GAGING STATION, BATTLE ISLAND,
NEW YORK.
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WORK ON CHENANGO RIVER AT BINGHAMTON, N. Y.

This stream rises in Madison County, N. Y., and empties into Sus-
quehanna River at Binghamton, N. Y. The gaging station is at
Court Street Bridge, Binghamton. The channel here is straight for

\/ — b/
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Binghamton, N.Y.
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F1G. 40.—Contour of bottom of Chenango River at Court Street Bridge, Binghamton, N. Y.

about 1,000 feet on each side of the station; has a width of about 300
feet at low water and 340 feet at high water; and is broken by three
piers. The bed is gravel and cobblestone with large, rough stone
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Fia. 41.—Cross section of Chenango River at upper side of Court Street Bridge, Bingham-

ton, N. Y.

around the piers. Fig. 40 shows the contour lines of the stream bed

for some distance above and below the bridge, and the location of the

piers. It is seen from this figure and fig. 41 that the bed is irregular
IRR 95—04-—-8
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as well as rough. This is due to the filling around the piers, and to
the riffle a short distance below the piers. The bed is permanent, and
there is a good measurable velocity at all river stages. The station
is 2,500 feet from the Susquehanna, and is subject to backwater from
it at certain stages. Although the channel is broken by three piers,
the bridge projects beyond the piers on each side, and the sections of
measurement are continuous.

The gage is of the wire-weight type, located on the upper side of
the bridge, about half way across it. The initial point is on the west
face of the east abutment.

The surface slope of the stream was determined by measuring with
a steel tape and 3-pound lead from points of known elevation at the
station and on Ferry Street Bridge, 1,500 feet upstream from it.

Velocity measurements were made from the upper and lower sides
of the bridge, with a view to comparing discharges and vertical
velocity curves on each side. On the lower side, however, the piers
produced so much disturbance of the water (eddying) that good results
could not be obtained, especially for the higher stages.

The bed being rough, it must be expected that there will be some

discrepancies in depth, as shown by the vertical velocity curves. The
instrument, when on bottom, may rest on top of a stone, or may slip
down between two of them, and thus a movement of a few inches
show a difference of 0.2 to 0.4 of a foot in depth. If the meter could
be held rigidly with a rod its position would always be accurately
known, but when held with a cable, as it necessarily must be from a
high bridge, there is always some uncertainty as to its exact location,
and there will be discrepancies in different measurements of the
depths. The soundings were carefully made twice at each side of the
bridge when the river was low. These, and the change in the river
stage, were used in computing areas of cross section.
- Twenty-two discharge measurements have been made at this station.
From July 2, 1901, to August 15, 1902, nineteen of these were made
by the six-tenths-depth method, and three by Harlacher’s method.
For obtaining discharge, the velocity was measured in verticals 10
feet apart, except near the center of each bridge span, where there
was little change in velocity, and where they are 15 to 20 feet apart.
Each observation was usually for two periods of fifty seconds each.
Fifteen sets of vertical velocity curves were obtained, each set con-
taining usually 8 curves, at distances 100, 120, 140, 190, 210, 230, 275,
and 290 feet from the 1nitial point. These curves are not used in com-
puting discharge, as they were not taken sufficiently close together
near the piers to enable mean velocity in section to be computed, but
they are used to show amount and position of mean velocity in a
vertical with which to compare velocity at six-tenths depth. -
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The results of the discharge measurements are given in the following

table: )
Discharge measurements, Chenango River, Binghamion, N. Y.
g g ? g b
Gage Area Disg- Mean -
No.| Date. Method. readlgng. section. | charge. | velocity. Place.
1901. Feet, Sq.ft. | Cub.ft. | Feet.
1{July 2}06depth ..., 5,64 689 848 1.23 ()
2| July 81..... 0w b5.78 764 1,119 1.46 | (9
3| July 11 |..... L0 o ) 1,666 768 0.46 (d)
4| July 9 |...o. PR 5.71 617 942 1.53 ()
5 Julg 29 §..... AO e 5.21 602 406 0.61 (4)
6l....do...l..... L Uo 200 5.21 469 425 0.90 (a)
71 Aug. 19 |..... dO e 5.49 681 577 0.85 (d)
8 0... 5.48 547 566 1.04 ()
9 eh, 82 775 927 1.20 (d)
10 €5.81 646 987 1.53 (1)
11 8.15 1,384 4,201 3.04 (4)
caloim)om o o
8.7l e . (d)
14 Ju]g 1| Harlacher's ........................ S.44 1:561 4:439 2.83 (a)
15]....do...| 0.6depth ...ooooioiiii L 8.41 1,534 4,815 3.14| (a)
16 Julg 3 | Harlacher's ....................... 7.16 1,156 2,611 2.26 (a)
17 {e...do...f 0.6 depth ... oooo ool Lillllllllll 7.16 1,155 2,688 2.33 | (a)
18 { July 15 |..... O ol 76.56 995 2,093 2.13 (a)
19 | Aug. 2| Harlacher's ._........... .. ... ... 79.10 1,795 5,426 3.02 @)
20 ﬁ\lg. 3106depth ool ;9.04 1,775 b, 543 ?ég. (d)
21 | Aug. 14 |..... 0 vene e aans 6.20 877 1,608 . ay
22 | Aug. 15 ... . Qo .ol 76,08 841 | 1,841 148 (a)

aUpper side Court Street Bridge.
bThis reading is probably wrong: it should be 5.88.
<¢(Cable above bridge. !
dLower side Court Street Bridges.
eReading too large on account of backwater.
f Corrected by —0.09 foot for stretch of wire gage.

The gage reading of measurement No. 2 is evidently in error. The
velocities are all larger than the corresponding ones of No. 10. The
correct reading is probably 5.88; that is, there is a mistake of 0.1 foot.

Discharge in second-feet.

0 500 1,000 2,000 3,000 4,000 5,000 6,000
§° 2
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@ 4/3/ .
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h-1 ]
= Z'a/f?; 0° //C‘haﬂge in mean velocity
.% 5 é for changes in gage heights
Es oo o 20 30
Velocity. feet

F16. 42.—Station-rating curve, Chenango River, Court Street Bridge, Binghamton, N. Y.

The quantities in columns 4 and 6 are plotted in fig. 42, which shows
From this curve the following station-rating

the station-rating curve.
table has been prepared:
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Station-rating tuble, Chenango River, Court Street Bridge, Binghamton, N. Y.

(Gage reading. Discharge. Gage reading. Discharge. Gage reading. Discharge.
Fuet. Second-feet. Second-feet. Second-feet.
B2 415 |1 6.9 ,490 || 8.6 , 950
B3l 150 || 7.0 2,625 || 8.7 5,100
5 0 | 510 | 7.1. 2,765 || 8.8. 5,250
113 SN i 625 |} 7.2 2,905 || 8.9 . 5,400
[ N P, 71 7.3 3,045 | 9.0 5, 550
.7 il 885 |1 7.4 3,155 0] 9.1. 5,706
[53X S 1,015 || 7.5. 3,326 ' 9.2.. 5, 860
B9 . 1,145 || 7.6 3,470 || 9.3. 6,015
[ 276 |1 7.7 3,615 || 9.4 .. 6,170
6. 1,410 || 7.8 3,760 1| 9.5 6,325
6. 1,545 || 7.9 3,905 || 9.6 6,475
6. 1,680 (| 8.0. 4,050 || 9.7 6,625
6.4 1,815 || 8.1. 4,200 || 9.8 6,775
6.5 Ll 1,950 (| 8.2. 4,350 || 9.9. 6,925
6.6 0.0 2,085 [} 8.3 4,500 || 10. 7,075
6.7 et 2,220 || 8.4 4,650
6.8 . 2,355 || 8.5 4, 800

From the two preceding tables, the following, showing the difference
between the measured discharge and the discharge given by the station-
rating table, has been prepared:

Comparison of measured and mean discharges, Chenango River, Binghamton, N. Y.

Discharge.
Date. No. r eg’ﬁ?;fg. By By rating Discharge difference.
measure, curve.

3901. Feet, | Second-, fwt. Second-feet.| Cubic feet. | Per cent.
July 2o 1 5,64 807 + 41 + 5.1
July 8 2 5,78 1, 119 989 +130 +14.2
July 9. 3 5.71 042 1,028 — 86 — 8.3
July 29.. i} 5.21 405 420 — 15 — 3.9
Do 6 5.21 25 420 + b + 1.2
August 19. 7 5,49 b77 613 — 36 — 5.9
Do 8 5.48 566 602 — 36 — 6.0
October 19 9 bh.82 927 1,041 —114 —10.9
............................... 10 b5.81 987 1,028 — 41 — 4.0

1902, N
March 27 ... ...l 11 8.15 4,201 4,275 — 74 — L7
March 28 12 8.21 4,377 4,365 + 12 + 0.3
March 13 8.75 5,205 5,175 + 30 + 0.6
July 1. 15 8.41 4,815 4, 665 +150 + 3.2
July 3. 17 7.16 2,688 2, 849 —161 — 5.7
July 15, oo 18 6.56 2,008 2,031 + 67 + 3.3
AUgust3 ..ooeiiiiiiiiiiaooa 20 -9.04 5,543 5,612 — 69 - 1.2
Augustld ...l 21 6.20 , 1,545 + 53 + 3.4
August 16......oo.llilill 22 6.08 1,341 1,383 — 42 — 3.0
14 8.44 c4,439 4,710 —271 — 5.7
16 7.16 c2,611 2,849 —238 8.3
19 9 ¢h,426 5,705 —279 4.9
a8hould probably be 5.88.

bReading too large on account of backwater.
¢ By Harlacher's method.

Omitting No. 2 on account of 4 probable error in the gage reading,
and No. 9 on account of the influence of back water, we see that the
variation of the discharges from the mean dlscharge is from —8.3 to
+5.1 per cent. ‘

The 15 vertical velocity curves for each of the 8 verticals are made
up from velocity observations at from 3 to 5 points in each vertical,
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the extreme ones being about 0.5 foot above bottom and 1 foot below
the surface. Each observation covered 4 periods of 25 seconds each.
The nearest whole number of revolutions in each period was recorded
except the last one, in which the nearest tenth was also recorded.
The velocities computed from these obhservations were plotted on sec-
tion paper, and a smooth curve drawn to represent the mean vertical
velocity curve. These points gave, as a rule, a well-defined curve
except near the bottom, where the bed was rough. From these curves
the velocity at each two-tenths of the depth and at the surface was
taken and tabulated. The data for each vertical was grouved, and

Velocity in feet.
0 1 2 3 1 2 3 4 1 2 3 4

At 100 feet from I. P At 140 feet from | P At 190 feet from I.P
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F1a. 43.—Groups of vertical velocity curves, Chenango River, Binghamton, N. Y.
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those for each two-tenths of depth and surface were combined for the
curves in which the gage heights did not differ by more than 0.5 foot.
The resulting six sets of vertical velocity curves on the upper side,
and three sets on the lower side of the bridge are shown on figs. 43
and 44. These sets of curves should now be studied in connection
with figs. 40 and 41, which show position of piers and irregularity of
bed. Perhaps the first thing that is noticed is the similarity—with
one exception—of the curves in any group. Curve No. 6 in each
group is different from the others, and indicates a disturbance of the
ordinary conditions. The reduced surface velocity indicates back-
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water, but as no slope measurements were taken thiat afternoon it can
not be definitely stated that this is the caiise. Another noticeable
feature is the falling of all the surface velocities éxcept No. 6 on a
well-detined curve which resembles a parabola. Another is that the
maximum velocity is at or near the surface. Another, that as the
depth decreases and as the velocity decreases, the vertical velocity
curve approaches a straight line. For shallow depths this line is
more inclined than for greater depths.

Velocity in feet.
1 2 3 0 1 2 3 0 1 2 3 1 2 3 4

At 120 feet from [P Af 210 feet from LR A¥ 275 feer from).P Af 295 faet from |.P
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F1a. +4.—Groups of vertical velocity curves, Chenango River, Binghamton, N. Y.

~J
™
—xy
\\\‘

=

The lower parts of these curves are not well defined on account of
roughness of bed; the depths varied and the velocity was irregular
and local. The following table shows the change in mean velocity. in
verticals for-changes in river stage:

Table showing change in mean velocity in verticals with changes in river stage, Chenango
River, Court Street Bridge, Binghamton, N. Y.

Distance of vertical from initial point.
Date. Gsage
reading. | 100 feet. | 120 feet. | 140 feet. | 190 feet. | 210 feet. | 280 feet. | 275 feet. | 290 feet.

1901. Feet.
July 30 ... 5.21 0.68 0.91 .11 0.90 0, 0.75 0.62 0.42
Aug. 20... 5.43 .97 1.19 1.31 1.09 %5 .74 77 63
July 9 ... 5.64 1.49 1.66 209 1.68 1.52 1.41 1.29 94
Oct. 19a .. 5.80 1.36 1.53 1.78 1.42 1.31 1.15 1.12 84

1902.
Aug.15 ... 6.15 1.72 1.97 2,30 1.90 190 |ecennnnnn. 1.71 1.40
Aug. 14... 6.27 2.17 2.18 2,61 1.98 2.09 1.90 177 1.51
July3.... 7.18 2.49 2.65 3.10 2.57 2.70 2.30 2.48 11
Mar. 28b. . 8.02 3.38 3.74 3.91 3.92 4.05 3.84 |iiiieefaenannns
Mar. 27b. . 814 oo 3.90 4.11 I U IR AR
Mar. 28 ... 8.17 2.93 3.23 3.51 3.19 3.05 2.58 3.06 |veennnnn.
July1.... 8.40 304 |oennn... 3.59 3.11 3.08 2.61 3.00 2.42
Mar. 29b. . 8.85 3.60 3.88 4.10 4.19 L TSR IR FESRS
Aug. 2a . 9.07 3.22 3.33 3.65 3.17 3.01 3.16 3, 2.79

a Affected by back water. b From lower side of bridge.
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These mean velocities and corresponding river stage has been plotted
for each vertical, giving curves like that for 140 feet from initial
point, as shown in Fig. 45. The velocity does not increase as fast as
the river stage. The following. table shows the changes in the ratio

% for river stages:

Table showing change in ratio d—-D in verticals with change in river stage, Chenango River,
Couwrt Street Bridge, Binghamton, N. Y.

Gage Distance of vertical from initial point.
read-
ing. [100feet.[120 feet.|140 feet. (190 feet.|210 feet.[230 feet, 275 feet. 200 feet.
Feet.
5.21 0.54 0.64 0. 60 0.57 0.68 0.58 0.56 0.55
5.43 .53 .59 .62 .60 .63 .68 b7 .56
5.64 .56 65 61 .61 .63 .60 .58 53
6.15 .56 58 61 .64 66 ...l b8 60
6.27 .61 61 64 .67 .67 67 67 63
6. 64 .57 59 67 62 .65 66 61 57
7.18 .61 64 63 b9 .70 67 65 57
8.17 .59 63 64 .62 .62 61 6L .63
8.40 67 ool 70 63 .67 63 67 55
a9.07 | .70 | «.67 | .69 a.64 | .63 | a.67 | @66 | a.61
. 586 .616 . 636 .616 . 657 .625 .614 877
b8.02 | ».57 | ©.60 | ».63 | b.62 | 5.63 | B.53 |..oeoiifeacunnn.
814 f-ceescenfeniiannn .69 | b.59 | b.63 .-
885 | .57 | b.66 | .61 | b.66 | b.67
........ AT .63 .6h3 .623 IO . 2 R D P

a Results affected by backwater and not used in computing means,
b Results from lower side of bridge.

It is seen that this ratio increases somewhat as the depth increases
for the shallower depths when the stage is constant, and also increases
slightly as the river stage increases. Fig. 45 shows results for the
vertical 140 feet from initial point.

m

The following table shows changes in the ratio Vf’r in verticals for
8

changes in river stage, 17, being the velocity 0.5 foot helow the surface:

Table showing change in ratio 1,,—+ T in verticals for changes in river stage, Court -Street
Bridge, Chenango River, Binghamton, N. Y.

Gage Distance of vertical from initial point.,
read- ——— —
ing. [100feet.|120 feet. 140 feet.|190 feet. 210 feet.|230 feet. 275 feet.|290 feet.

Feet.
5,21 0,80 0.77 0.83 0.90 0. 86 0.80 0.84 0.83
5. 43 .90 .80 .83 L9 .85 .78 .86 .81
5. 64 .90 .83 .89 .92 .93 .89 .89 .89
ab. 80 a.91 a.85 a.86 @ 91 a. 90 a, 76 a, 86 91
6.15 | “ .82 .81 .85 .83 86 [........ .88 82
6.27 90 .84 .89 .84 .88 90 .87 88
6.64 89 .81 90 .89 .88 82 .90 88
7.18 89 .84 88 .86 .92 92 .91 86
8.17 85 .87 89 .87 .88 81 .87 90
8.40 89 f........ 92 .89 .91 &4 90 82
a9.07 .93 .88 a, 89 a 89 a. 83 a,. 88 a. 86 a, 81

b8, 02 b,85 5,93
814 [--rine-- 5,93
8.85 b.86 b, 04

.855 .885 LA17 .933 5 P P

aResults affected by backwater and not used in computing means,
bResults from lower side of .bridge.
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The values of this ratio and the corresponding gage heights have
been platted for each vertical. They all show this ratio to be nearly
constant. There is a slight increase of the ratio for increasing river
stage. Fig. 45 shows results for vertical 140 feet from initial point.

. Gage height in feet.
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F1c. 45.—Diagram showing results in vertical 140 feet-from initial point, (ourt Street
Bridge, Binghamton, N, Y.

The slope of the surface in the vicinity of the gaging station was
obtained by measurements with a steel tape from points of known
elevation at the gage and at Ferry Street Bridge. The data obtained
are given in the following table:
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Slope of Chenango River, Binghamton, N. Y., from Court street to Ferry Street Bridge,

1,500 feet.

Elevations.a
Elevation
Date. Hour. Gageread-| (g Ferry | difference.
: ing. street. street. F-C.
' F.
1902. Feet. Feel. Feet. Feet.

March 28 ....oeeiiiiiiiiiiiiaiiaanae 7.30am.... 8.02 —5. —4,72 0.37
Do...... . 10.46a.m... 8.05 ---5.06 —4.68 .38
Do...... dhpmeo...... 8.32 —4.79 —4. 40 .39
March 29 ... 7.30a.m .... 8.70 —4.40 —4.01 .39
Do...... | 1L4ham... 8.91 —4.20 -~3.80 .40
July1l ....o..oiill.. 1214 p.m... 8.46 —4.70 —4.31 .39
Do.. .| 845p.m.... 8.40 —4.75 —4.37 .38
July2.. .. 6.55a.m.... 8.07 —5.06 —4.68 .38
July 8 .. . [1.30p.m.... 7.30 —b5.82 —5.52 .30
July 15 ./ 510a.m.... 6.68 —6.38 -6.15 .23
Do.. Jlpom....... 6.59 —6.46 —6.22 .24
August 3 6am....... 8.62 —4. 40 —4.09 5,31
August 4 | HA0pm.... 7.88 —5H.16 —4.89 b.27
Aungust 14. .| 240p.m.... 6.28 —6.74 —6.55 .19
Do.... | 636pm.... 6.26 —6.77 —6.57 .20
August 15, .| 530a.m.. 6.19 —6.83 —6.64 .19
August 16 1212p.m.. 6.09 —6.97 —6.81 .16

a Elevations referred to Binghamton City datum. Elevations
Agsistant City Engineer.
bMeasurements made during hackwater.

NoTE.—From July 3 to July 15, 1902, the gage wire appears to have shortened about 0.09 foot.

of B. M. furnished by E. F. Weeks,
i}

These data are plotted in fig. 46, using surface elevations at Court
Street Bridge as ordinates, and fall of the surface in 1,500 feet as

Fall of surface in feet.
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‘F16. 46.—Diagram showing change in surface slope for change in river stage, Chenango
River, Court Street Bridge, Binghamton, N. Y.

abscissas, giving the curve 4 B. The slope increases with the depth,
but the rate of increase is not as great as that of the depth. The points
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a and @’ obtained during the effect of backwater, show that there is less
slope and smaller change in slope when there is backwater at a station.

WORK ON SUSQUEHANNA RIVER AT BINGHAMTON, N. Y.
Susquehanna River rises in Otsego County, in the east-central part
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FI6. 47.—Contours of Susquehanna River bed at Ex-

change Street Bridge, Binghamton, N. Y.

of New York, and flows south-
westerly and southerly through
New York, Penusylvania, and
Maryland, into Chesapeake Bay.

The gaging station, where the
work to be described was done,
is at Exchange Street Bridge,
Binghamton, N. Y. The channel
is straight for about 500 feet
above and below the station, has
a width of about 300 feet at low
water and about 450 feet at high
water, and is broken by three
piers. The bed is gravel and
small stone, with large stone
filled around the piers. Fig. 47
shows the contour lines of the
bottom, and the location of the
piers. Fig. 48 shows the cross
section on the upper side of the
bridge. The shape of the section
is good except for the filling
around the. piers; the bed is per-
manent, and the velocity large,
especially for the higher stages.
About 900 feet above the station
is the dam of the Binghamton
Water Power Company. Its ef-
fective head is 6 feet. The thread
of the stream strikes the piers
somewhat obliquely, producing
eddies. |

The old wooden bridge at the
station was condemned shortly be-
fore this station was established,
and it was decided to place the
gage, which is of the wire-weight
form, on Washington Street

" Bridge, about 1,900 feet below

the station. A temporary gage was, however, established at the
station, and the water surface referred to it for convenience. The
new bridge was erected in the spring of 1902. It has only one
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pier, which is about 200 feet from the east abutment. Around it are
two rows of short piles and a quantity of large stone. The upper
parts of the old piers have been renioved, but the stone filling around
them remains, leaving the river bed irregular and rough.

The method of measuring discharge and of obtaining vertical veloc-
ity curves was the same as at the Chenango River station, and need not
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F1a. 48.—Cross section of Susquehanna River at lower side of Exchange Street Bridge,
Binghamton, N. Y.

again be described. The current was so swift here that it was difficult
to keep the meter in place, and the discharge is computed in some
cases from velocity measurements 1 foot below surface, and the ratio
- of mean to surface velocity found from the vertical velocity curves.
The following table gives the results of the discharge measurements.
Those made in"1902 were from the upper side of the new bridge:

Depth in feet.
o

Discharge measurements, Susquehanna River, Binghamton, N. Y., Exchange Street Bridge.

Mean Gage,

No. | Date. Method used. - re%x?l%g g. Area. stcharge. velocity. | Wash. st. Place.
1901. Square feet. | Second-feet.
1| July 3 ~0.60 891 947 1.06 2.13 | (a)
2 [ July10 — .27 1,020 1,425 1.40 2.28 (a§
3| July30 . — .83 847 b608 .72 1.99 {a
4| Aug.20 |. — .65 909 942 1.04 2.00 a
5| Aug.20 — .63 923 952 1.03 2.10 ¢
6 | Aug.21 +2.73 1,989 7,244 3.65 4.63 gag
7| Aug.21 +3.00 2,066 7,803 3.77 4,87 e
8 | Aug.22 +1.10 1,439 3,752 2.61 3.23| (a)
9 | Aug.22 4 .73 1,324 2 2.25 2.941 ()
10 | Aug.23 + .31 1,189 2,176 1.83 2.64 | (¢)
1902
11 | July 2 +2.16 1,813 5,386 2.97 4.09 | (d)
12 | July 2 +2.09 , 790 5,839 3.26 4,04 | (d)
12, July 2 +2.06 1,794 5, 680 3.17 4,10 (d)
124 July 2 +2.09 1,790 5,420 3.03 4,04 (d)
13| July 8 +2.46 1,916 6, 559 3.42 4.39 | (9
14 | July 4 +1.87 1,717 5,230 3.28 2.96 | (d)
14 | July 4 +1.87 1,717 5,626 3.28 3.86 | (d)
15 | July14 4+ .77 1,320 3, 2.32 2.96 (@)
16 |- Aug. 3 +3.31 2,206 8,166 8.70 6.15 ?i)
17 1 Aug. +38.81 2,187 8,633 3.95 5.15 d;
18 | Aug. 4 | Harlacher’s +2.65 1,971 6, 599 3.34 4.60 (a
19 | Aug. 4 | Surface ratio: +2.65 1,952 6, 902 3.53 4.60 ()
20 | Aug.15 | 0.6 depth . + .24 1, 140 2,105 1.86 2,60 | (d)
21 | July16 |..... do .....o...... + .08 1,103 1,920 1.74 2.50 | (d)
aUpper side of old bridge. ¢ Lower side of old bridge.

b Two small gates in mill closed during measurement, d Upper side of new bridge.
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These discharges and the corresponding temporary gage readings
are plotted in fig. 49, which gives the station-rating curve for this

Discharge in second-feet.
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Fig. 49.—Station-rating curve of Susquehanna River at Exchange Street Bridge, Bing-
hamton, N. Y.

station. From this curve the following station-rating table has been
prepared: :

Station-rating table, Susquehanna River, Exrchange Street Bridge, Binghaznton, N. Y.

Gage read- : Gage read- : Gage read- .

ing. Discharge. ing. Discharge. ing. Dlgcharge.
_Feet. Second-feet. Fect. Second-feet. Feet, Second-feet.
—=1.0 525 0.7 2,956 0.4 6,3

- .9 642 .8 3,140 .5 6,620

- .8 760 .9 3,335 .6 6,850

— .7 879 1.0 3,530 7 7,085

— .6 1,000 .1 3,730 .8 7,325

— .b 1,124 .2 3,930 .9 7,565

— .4 1,250 .3 4,130 3.0 7,806

— .3 1,378 4 4,330 .1 8,045

— .2 1,510 ) 4,530 .2 8,290

— .1 1,645 .6 4,730 .3 8,540

.0 1,790 W7 4,930 4 8,790

+ .1 1,935 .8 5,130 .5 9,045

.2 2,090 .9 5,330 .6 9,300

.3 2,252 2.0 5,530 7 9, 560

.4 2,415 .1 5,740 .8 9, 820

.5 2,592 .2 5,950 .9 10, 080

.6 2,770 .3 6,170 4.0 10,350

From this table and the one giving results of discharge measure-
ments the following table, giving the percentage difference between
the measured discharge and that shown by the discharge table, has
been prepared. With three exceptions this variation is less than 5.5
per cent. The largest variation is for the smallest river stage, and is
due to the closing of the gates of the mill at noon while the measure-
ment was under way. No. 14 is too large, due to the meter being
carried downstream, and not being at 0.6 depth. The results by
Harlacher’s method, No. 7, 11, 13, 16, and 18, indicate, as in the case
of the Chenango River station, that the coeflicient 0.85 in the formula
@=0.85 2 /s I'is too small, and should be 0.88.
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Comparison of measured and mean discharge, Susquehanna River, Exchange Street Bridge,
Binghamton, N. Y. '

Discharge. Discharge difference.
Date, No. Gage. By meas- Second-
yure. By curve. oot Per cent.
Feet. Second-feet.| Second-fect.
JUY B 1 —0.60 947 1,000 — b3 — 5.3
July10...... 2 — .27 1,425 1,416 + 9 + .7
July 30...... 3 — .83 608 725 —117 a—16.1
August 20 . 4 — .65 942 940 + 2 + .2
Do...... 5 — .63 952 9656 — 13 — 1.3
August 2l ... 6 +2.73 7,244 7,156 + 89 + L2
August22... 8 +1.10 3,752 3,730 + 22 + .6
Do ...... 9 + .73 2,983 3,011 - 28 - .9
August 28 ... ... 10 + .31 2,176 2, 2 — 92 — 4.0
JULY 2o 12 +2.09 5,839 5,720 +119 + 2.1
DO e 12 +2.09 5,420 5,720 —300 — 5.2
DO e 5 +2.16 5, 680 5, 866 —186 - 3.1
Julyd...ooo . 14 +1.87 5,626 5,270 4356 b1 6.6
DO e 14 +1.87 5,230 5,270 - — .8
July 4. ... L. 15 LT 3,004 3,084 — 20 - 7
August 3 .ooooiiiiiii e 17 +3.31 8,633 8, 565 4 68 + .8
Augustd .. ...l 19 2,65 6,902 6, 965 — 63 — .9
August 15 . ...l 20 + .24 2,106 2,152 — 47 - 2.2
August 16 ... . .oaiii.... 21 + .08 1,920 1,906 | - + 14 + .7
August 21 .. . ...l 7 +3.00 7,803 7,805 - 2 .0
July 2. .. 11 2.16 5, 386 5, 866 —480 — 8.2
July 3., 13 2,46 5,660 6,488 + 171 + 1.1
August3 ....o.Liiiill... 16 3.31 8,156 8,565 —409 — 4.8
Augustd ..o, 18 2.65 6,599 6,965 —366 — 5.2

aDue to closing the gates in bill at noon.
b Due to meter being carried downstream and not at 0.6 depth.

Vertical-velocity-curve data were obtained in 12 verticals as described
on p. 117. These were plotted, vertical velocity curves drawn, and the
velocities at each one-fifth of the depth and at the surface tabulated.
The curves in each vertical in which the change in river stage did not

Velocity in feet.
0 1 2 3 4 1 2 3 4 5 1 2 3 4 5

At 100 feet from 4P At 125 feet from IR At 310 feet fram 1R
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F1a.50.—Vertical velocity curves, Susquehanna River, Exchange Street Bridge, Binghamton, N.Y. 7
differ by more than 0.5 foot were then united by combining .the veloci-
ties at each fifth of the depth. Some of the resulting groups of curves
are plotted in figs. 50 and 51. Nos. 4, 5, 6, and 7 were taken from
the upper side of the new bridge, which is 18 feet upstream from the
upstream face of the old bridge.
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Velocity in feet.
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Fic. 51.—Vertical velocity curves, Susquehanna River, upper side of Exchange Street
Bridge, Binghamton, N. Y.
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It is seen that the curves in fig. 50, out of the influence of the pier,
are very regular in shape, and the surface velocities give a well-defined
curve, the greatest velocity being at or near the surface.

Those in fig. 51 are not far from the piers, except that at 335 feet from
initial point, which is near the shore. These are not so regular in shape,
and the surface velocities do not fall on a well-defined curve. The points
marked by triangles show surface velocity for the river stage indicated,
but not taken when the vertical velocity curve was obtained.

Surface slope of Susquehanna River, Binghamton, N. Y., from Exchange Strect Bridge
to Washington Street Bridge, 1,850 feet.

Elevation water sur-
face, D
ifferen:
Date. Washing- | Exchange | elevation.
ton Street Street
Bridge. Bridge.
Feet. Teet. Feet.

a—5,86 a—4.714 1.12
—6.95 —5.88 1.07
—d4.44 —3.16 1.28

—4. 49 -3.16 1.33
—4.53 -3.26 1.27
—4.75 —-3.42 1.33
—5.18 —3.91 1.27
—5.45 —4.20 1.256
—17.33 —6.35 .98
—7.41 —6.43 .98
—7.40 —6.43 .97
—7.37 —6. 42 .95
-—7.39 —6.46 .93
—7.45 —6.55 .90
—7.49 —6.62 .87

a Elevations referred to Binghamton City datum.

Changes in mean velocily in verticuls with_changes in river stage, upper szdc Exchange
Street Bridge, Binghamton, N. Y.

Date G gg e Distance of vertical from initial point.
o reading.
CAAINE: | 60 feet. | 100 feet. | 125 feet. | 170 feet. | 245 feet..| 285 feet. | 310 feet. | 335 feet.

1901 Feet,
~ly 10 ~0.33 0.50 |- 1.07 130 |eeeeoeelee e, 170 [ eeeee
July 80 — 87 .. 5. Y e R PR PR

1902.
Aug. 16 04 1.57 1.88 1.31 2.05 2.10 1.92 1.80
Aug. 15 IS 83 1.66 2.03 136 9.2 2.2 2.03 201
“aly 14 H 1.29 5,00 2,50 1.63 5n 2,65 250 2.33
~y 4 1.8 189 300 3.16 296 | LT T
~ly 2 1197 1,89 2.76 342 237 3760 357 3701 3,02
Aug. 4 12,54 2,40 3.35 417 3.09 TR 3.31 2.88
Aug. 4 12,46 535 332 4,00 3.09 oo 3188 338 294
Aug. 3 13093 2,76 3.65 1,86 381 |l T 3,98 393

Changes in the ratio d : D in verticals for changes in river stage.

Gage Distance of vertical from initial point.
reading.
60 feet. | 100 feet. | 125 feet. | 170 feet | 245 feet | 285 feet | 310 feet. | 835 feet.
Feet.,
—0.33 0.52 .60 0. 56 @056 |.......... Q.57 et
— .87 feeiaaians - T PN L ¢ e
4+ .04 ool .57 .62 .56 0.69 65 0.57 0.5¢
+ .21 54 .57 .59 .58 .63 61 61 b7
+ .78 58 .59 .62 .55 63 63 60 56
+1.85 61 .59 .66 .64 135 J PR AR
+1.97 50 .59 .67 59 69 57 56 .66
+2.54 62 60 .65 63 [ N PR 69 64
+2.46 65 64 .66 63 ... 63 68 65
+3.23 63 65 68 £532 A  P 56 61
Means. . .581 . 598 .634 .600 .670 .620 . 600 .600

a At 175 feet from initial point.
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Changes in the ratio Vi, ¢ Vg in verticals for changes in river stage.
Gage Distance of vertical from initial point.
reading. | “ootoct. | 100 feet. | 125 feet. | 170 feet. | 245 fect, | 285 feet. | 310 feet. | 335 feet.

Feel.
—0.33 0.59 0.86 0.90 a0.87 |ooooioo. (L85 O P I
— .87 92 |eeeelo. @ 89 || .-
+ .04 Lo...L.. R.5) .86 .80 0.93 .91 0.84 0. 87
+ .91 .91 .88 .86 .81 .92 .89 .87 .85
+ .73 .90 .83 .86 .73 .93 .90 .88 .86
+1.85 .83 .91 .88 17 O CUU R SO R
+1.97 .79 .86 .89 .78 .90 .90 .89 .90
+2.654 .86 .88 .90 .76 P 7 D .0 .91
+2.46 .88 .8 .89 VI8 feeeiaann 91 .92 .01
+3.23 .83 . 86 .92 86 e .92 .90
Means..' . 861 .870 . 885 .803 .920 . 887 890 ‘ . 886

a At 175 feet from initial point.

The slope of the surface from Exchange Street Bridge to Washington
Street Bridge was obtained, for different river stages, by measuring

—

—6

-7

1. 53.—Slope of Susquehanna River from Exchange
Street Bridge to Washington Street Bridge, Bing-

Fall of surface in feet.

0.5

1.0

I5tion on these bridges.

from points of known eleva-
These

/B

data are given in the follow-
ing table and plotted in fig. 53,
It is seen.that the slope in-
creases more and more slowly

as the surface elevation in-
creases.

The preceding table shows
changes in mean velocity in

street

N

the ratio i and in the ratio

D
1. ¢ T, in verticals for changes
inriver stage. Themean value

of ixvafies from 0.58 to 0.67,

Exchange

+
-~

D
| and increases slightly with the
depth for a given river stage,
and also increases somewhat

reading

o

A

as the stage increases. Fig.
52¢ illustrates this change for
the vertical 100 feet from ini-
tial point. The mean value of
the ratioV),:V, varies from

. Gage

fall in 1850

feet

0.86 to 0.92 (omitting that for
170 feet from initial point),
and does not change much with
change of stage. Fig. 525 il-

hamton, N. Y.

velocity with change in river stage.
very rapidly as the stage increases.

lustrates this change for the
vertical 100 feet. Fig. 52¢ il-
lustrates the change in mean
The velocity is seen to increase
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WORK ON OSWEGO RIVER AT BATTLE ISLAND, NEW YORK.

Oswego River is formed by Oneida and Seneca rivers in the northern
part of Onondaga County, N. Y., and flows northwest into Lake
Ontario. It drains several of the lakes of central New York, and hence
is not subject to the ex- Depth in feet.
treme changes of flow of o2 d s » )
many streams without nat-
ural storage. On the other
hand, there are several
dams on it where the water & )
is held back to some extent (
and the flow rendered ir- I
regular. The Oswegoand V
Syracuse canal takes water I
from it and to a slight ex-
tent increases the irregu- yaw,

k-]

04

larity of the flow. 5 i
The gaging station is v
located 8 miles above Mi- |
petto, N. Y., and 8 miles & )78 o
: -’
from the river’s mouth, ? L —1 Py
- just below a bend of large € £ "] 3
radius. Measurements 2 - :
ot / | ] )
“are made from the car sus- & K ] g
B o o
pended from a cable (Pl iV [N —
VI, B). The river bed is & |¢ 7 &
rock except mnear the g N -
shores, where it is gravel. \ g

The cross section is shown
in fig. 54, The central
part is triangular, and the N
station being at or just >
below a bend this shape T~
modifies to a marked de-
gree the vertical velocity
curve near the upper edge
of the east side. The bed
rock is smooth, but is
broken by irregular
cracks, the edges of which 2

are rough. The gage isof F‘/
the wire-weight type, and g _
iS on the west bank, 2] , 900 Fia. 54.—Cross section of Oswego River at cable station,

002
R ,,/ |
// \

= f
7

092

feet upstream from the station. A temporary gage was put in at
the cable, which, with the aid of the elevation of a bench mark at the

IRE 95—04——9
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gage and one at the cable, enabled fluctuations in the surface elevation
and the slope of the surface from the gage to the cable to be measured.

Fifteen discharge measurements were made here by three methods.
The results of these are given in the following table:

Results of discharge measurements at Batile Island, New York, on Oswego River.

Surface Mean

Date. | No. Method. elzwar%}:ieon Area. Discharge. velocity.

1901 Feet. Square feet.| Cubic feet. Feet.
July 13 1 86. 12 1,812 5,264 2.92
Aug. 2 85.04 1,344 3,224 2.40
Aug. 3 85,06 1,358 3,235 2.39
Aug. 27 4 84.99 1,354 3,203 2.37
Aug. 27 5 84,90 1,322 2,938 2,22
Aug. 28 6 85,02 1,363 3,169 2.32
Aug. 28 7 84.96 1,844 3,066 2.28°

1902.
Mar. 31 8 | Harlachers........ccovvviinnennnannns 90.77 3,491 15,982 4.68
Apr. 1 9 | V.v.curves. . 90. 63 3,440 15, 6563 4.55
July 8 10 | Harlacher's . . 87.85 2,421 8, 601 3.55
July 8 11 | V. v. curves. R 87.83 2,414 8,634 8.57
July 9 12 | Harlacher's. . 87.88 2,431 9,019 3.71
July 9 13 | V. v. curves. . 87.85 2,421 8,585 3.56
Aug. 19 14 | Harlacher’s... . 87.00 2,061 6,999 3.40
Aug. 19 15 ] V. V. CUIVeS. . iiiiiiiiiaiiicaiaaannen 86.88 2,018 6,562 3.25

Discharge in feet per second.
3,000 4 5,000 6 7 8 9 10,000 11 12 13 14 15,000 16 17

92
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o
é’ I /'.9/ ° /
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Fie. 55.—Station rating curvce for Oswego River at Battle Island, New York.

_These discharges and the corresponding surface elevations are
plotted in fig. 55. From this curve the following station-rating table
has been prepared:
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Station-rating table for Oswego River, Battle Island, New York.
Surface Surface Surface
elevation | Discharge. || elevation | Discharge.|| elevation | Discharge.
cable. cable. cable.

Feet., Cubie feet. Feet, Cubic feet. Feel. Cubic feet.
85.0 3,130 87.0 6,850 89.0 11,380

1 3,300 1 7, .1 11,620

.2 3,480 .2 7,270 .2 11,870

.3 3,660 .3 7,480 .3 12,120

.4 3,840 .4 7,690 .4 12,370

.5 4,020 b 7,910 b 12,620

.6 4,200 .6 8,130 .6 12,870

.7 4,380 W7 8,350 7 13,120

.8 4,560 .8 8,570 .8 13,870

.9 4,740 .9 8,790 .9 3,630

86.0 4,930 88.0 9, 020 90.0 18,890

.1 5,120 .1 9,250 1 14,150

.2 5,310 .2 9,480 .2 14,410

.3 5, 500 .3 9,710 .3 14, 670

4 5,690 .4 9,940 .4 14,930

b 5,880 .b 10,180 .5 15,200

.6 6,070 .6 10,420 .6 15,470

W7 6,260 N 10, 660 i 15,740

.8 6, 450 .8 10, 900 .8 16,010

.9 6,650 .9 11,140 .9 , 280

91,0 16, 550

Velocity in feet.
0 2 3 4 b 2 3 4
A+ 70 Feet From /L R 5 A? 100 Feet From /. R r
o0 / ’

Suface elevation at cable in feet.
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Fla. 56.—Vertical velocity curves for Oswego River at Battle Island, New York.
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The following table prepared from the two preceding ores shows
the percentage difference between the measured discharge.and the
mean discharge or that given by the station rating curve:

Comparison of measured and mean discharge, Oswego River, Battle Island, New York.

Elevation, Discharge.
?————————————| Discharge difference
Date. No. s&réslsge By meas- | By curve (M.—C.).
. ure (M.). (C.).
Feet, Cubic feet, | Cubic feet. | Cubic jeet. | Per cent.

1 86.12 5,264 5,158 +106 +2.06

2 85,04 3,224 3,198 + 26 + .80

3 85, 06 3,236 3,232 + 3 + .01

4 84.99 3,203 3,113 + 90 +2.89

5 84.90 2,938 38,070 — 32 —1.00

6 85,02 3,169 3,164 + 5 + .02

7 84.96 3, 066 3,062 + 4 + .01

8 90.77 16, 368 15,929 +439 +2.80

9 90. 63 15, 653 15, 551 +102 + .65
10 87.86 8,610 8,680 — 70 — .80
11 £7.83 8,634 8, 636 - 2 .00
12 87.88 9,019 8,746 4273 +3.12
13 87.85 8,585 8,680 — 9% -1,00 |
14 87.00 6, 999 6, 850 +145 +2.17
15 86.88 6,562 6,612 — 50 — .76

It is seen that the percentage difference, or variation of the meas-
ured from the mean discharge, is small, the largest being about 3 per
cent. The four by Harlacher’s method, Nos. 8, 10, 12, and 14, are too

large by 2 to 8 per cent, showing that for this river, at this particular
Pplace, the coefficient in the formula ¢) =¢ = VI should be-0.83 instead
of 0.85. It was seen oppages 116,125 that the extreme variation of the
measured discharges from the mean discharge is from —8.3 to 4-5.1 per
cent for the Chenango River station, from —5.3 to +2.1 per cent for the
Susquehanna. It is from +2.89 to —1.09 per cent for Oswego River.
The per cent variation being a measure of the accuracy, it is clear that
the discharge measurements at the Oswego River station, where there
are no ohstructions, is more accurate hy several per cent than those at
the Chenango and Susquehanna river stations.

Nine sets of vertical velocity curves have been obtained in 12 verti-
cals in substantially the same way as described on page 117. For the
higher river stages the current was so swift in the deeper parts of the
section that the meter was carried several feet downstream when
the largest sinker that could be managed from the car was used. The
position of the meter was obtained from the length of cable immersed,
the angle it made with the vertical, and the distance of the car above
the water. |

The vertical velocity curves in each vertical are divided into five
groups, and the mean of each group plotted in figs. 56, 57, and 58.
From a study of these sets of vertical velocity curves, and those in fig.
54, it is seen that the greatest velocity is at or near the surface, and that
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near the shore for shallow depths the vertical velocity curve is a nearly
straight line. As the depth and velocity increase, this line hecomes

more curved and more inclined from the vertical, and the ratio%

Velocity in feet.

0 1 2 3 4 5 2 3 4 5 6
A? /40 feet from I P 5 AF 180 feef from 1. P P
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F1a. 57.—Vertical velocity curves ﬂor Oswego River at Battle Island, New York,

increases from 0.55 to 0.63. The effect of the bed and bend in the
stream, is very noticeable in the curves at 220 feet from initial point
in figs. 54 and 58. The stream lines striking the steep incline at this
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pointare thrown upward, causing ‘‘ boiling” of the water and a decrease
of velocity. As the river rises this phenomenon is less marked. The

effect of the bend is further seen in the table on page 136. The ratio 2

8
is much larger on the concave than on the convex part of the stream.

Velocity in feet.
0 1 2 3 ¢ 1 2 3 4 5
At 220 Feet from 1. P AF 300 Feet From LR | 4

89

88 . /

%r 41 /
/
87 3L/ “

Surface elevation at cable in feet.
2
l\
\1
%.
~]

17/

81

F1a. 58.—Vertical velocity curves for Oswego River at Battle Island, New York.

The shape of the bed has also a marked effect on the curves for differ-
ent river stages at 180 feet.
The following table shows the change in mean velocity, the change

in the ratio %, and the change in the ratio TV}” in verticals for changes
in river stage. The mean velocity is seen to increase very rapidly
with the increase in stage. The ratio of the depth of the thread of
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mean velocity to the total depth increases in some verticals, in others
it decreases; as a rule it increases slightly. The ratio of mean velocity

01 o2

91

0.3

Fall of surface in feet.
0.4
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Surface elevation at cable in feet.
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/'_'a// in 2930 feet

Fia. 59.—Slope of surface of Oswego River at Battle Island, New York.

to velocity 1 foot below the surface increases with the increase in stage,
and is greater on the concave than on the convex side.

Data obtained on Oswego River at Batile Island, New York, showing change of mean

velocity in verticals with change in river stages.

Surface Distances of verticals from initial point.
Date. elevation
at cable. | 40. | 70. | 100. | 120. | 140. | 160. | 180. | 200. | 220. | 240. | 260. | 300.
Feet | Feet | Feet | Feet | Feet | Feet | Feel | Feet | Feet | Feet | Feel | Feet
per | per | per | per | per per | per | per | per | per | per
1901. Feet. sec. | 8sec. | sec, | see, | sec. | sec. | sec. | sec. | sec. | sec. | sec. | secC.
Aug. 27......... 84.9511.19 | 1.79 | 2.10 | 2.12 | 2.43 | 2.58 | 2.92 | 3.01 | 1.63 | 1.93 |...... 1.58
Aug. 28......... 85.00 [....oo|oanens 2,20 12,14 | 2.51 | 2.66 [ 2.97 1 8.12 | 170 |..c.oo|earntoaznns
Aug. To........ 85.04 | 1.28°|1.71°| 2.08 | 2.82 | 2.57 | 2.74 | 3.01 | 3,84 | .76 | 2.12 | 2.19 | 1.67
July 13......... 86.07 | 1,73 | 2.60 |...... 2.95 | 8.03 [ 3.23|3.49 ...... 2.82 [...... 2,90 |......
1902.
Aug. 19......... N
Aug. 19.........
July 8.........
July 9.........
Apr. l.........
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Table showing changes in the ratio d : D in verticals for changes in river stages.

Surface Distances of verticals from initial point.
elevation
at cable. | 40. 70. 100, | 120. |- 140. | 160. | 180. | 200. | 220. | 240. 2¢0. - 300.

Table showing changes in the ratio Vyy, : Vy in verticals for changes in river stages.

Surface Distances of verticals from initial point.
elevation
at cable.| 40. 70. 100. 120. 140. 180. 180. 200. 220. 240. 260. 300.

The surface slope data obtained at this station are given in the fol-
lowing table:

Slope of surface of Oswego River at Battle Island, New York, in « distance of 2,930
Seet, for variation of river stage.

Elevation surface.
Date. Eg—FEc. | Mean.
At gage. | At cable.
1901, Feet. Feet. Foot. Foot.
AUBUSE 26 . eeeeiiiii it eiiteiiieaeaene e 485,16 a84, 87 0.29
August 27 . 84,98 84,71 .27
Do .. 85.03 84.77 C.26 0.978
Do 85.03 84,75 .28 at
84,93 84,66 .27
86. 08 84.78 .30
91.71 90. 77 .9
91,68 90. 75 .93 .92
91,51 90. 62 .89
88.44 87.85 .59
88.42 87.83 .59 557
88.41 87.88 .53 .
88,37 87.86 .52
87.45 86.99 .46
87.34 86. 88 .46 .463
87.36 86,88 .47

aThe elevationsof bench marks at gage and cable were furnished by R. E. Horton.
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These data have been combined as shown, giving the fall in the sur-
face in 2,930 feet for four river stages. These are plotted in fig. 59,
giving the curve AB. This curve is seen to be concave to the hori-
zontal axis, whereas the slope curves for Chenango and Susquehanna
rivers, figs. 46 and 53, are convex to this axis.

CONCLUSIONS.«

In the following statements relative to methods and accuracy of
current meter work done on a stream at a gaging station it is assumed
that the channel is approximately straight, regular in shape, with few
obstructions, and the bed is such that there are few projections of
more than 4 inches in height above its general contour. It is also
assumed that there is a permanent gage at the station that can be read
to hundredths of a foot and that is frequently checked by measurement
from a permanent bench mark.

(1) The distance of the thread of mean velocity below the surface
increases with the depth and with the ratio of depth to width. In
general it varies from about 0.55 to 0.65 of the depth.

(2) In a broad, shallow stream from 3 to 12 inches in depth, and
having a sand or fine gravel bed, the thread of mean velocity is from
0.50 to 0.55 depth below the surface. The mean velocity in a vertical -
is the half sum of the velocities found by holding the center of the
meter 0.15 foot below the surface and then 0.15 foot above the bed.
If the bed is coarse gravel (particles 1 to 24 inches in diameter) the
center of the meter should be held 0.15 foot below the surface and
then from 0.3 to 0.4 foot above the bed.

(3) In broad streams from 1 to 8 feet in depth, and having gravelly
beds, the thread of mean velocity is from 0.55 to 0.60 of the depth
below the surface. The single-point method of measuring the velocity,
holding the center of the meter 0.58 of the depth below the surface,
will give good results.

(4) In ordinary streams where the depth varies from about 1 to 6
feet, the thread of mean velocity is about 0.6 below the surface.

(5} In the smaller streams (creeks) having a width of from 20 to 40
feet, the thread of mean velocity is farther below the surface than in
a broader stream of the same depth. -

(6) When the velocity is more than 2 feet per second the center of
the Price meter should not be held nearer to the surface than 1 foot.

(7) The top and bottom method (center of meter half a foot below
the surface and then half a foot above the bed of the stream) gives
velocity from 2 to 8 per cent or more greater than the mean velocity.
This method should be used only where the bed is comparatively
~ smooth and visible.

aBee also pp. 98, 150, 151, and 160,
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(8) The vertical integration method is rapid, and is a very good
method to use as a check on the single-point method. It gives better
results than the single-point method at a bend in a stream, under ice,
under logs, or where the conditions are poor.

(9) The single-point method gives satisfactory results where the
conditions are good, but the hydrographer must use his judgment as
to the depth of the thread of mean velocity below the surface, which
may be from 0.55 to 0.65 of the depth.

(10) The vertical-velocity-curve method of obtaining mean velocity is
the most accurate, but requires the longest time to operate it. A few
vertical velocity curves should be taken at each measurement at char-
acteristic places in the cross section as a check on the results obtained
by the other method.

(11) At stations with fairly permanent bed and without obstructions,
the individual discharge measurements when plotted should not vary
from the station rating curve by more than 3 to 5 per cent for ordi-
nary river stages. For very low stages it may be 10 per cent, and for
high water, where the banks overflow, the variation from the mean
rating curve may be 20 per cent.

(12) At stations with permanent bed and channel obstructions the
variation of a plotted discharge from the station rating curve may be
8 per cent of the discharge for ordinary stages.

(18) A discharge measurement should never be considered complete
until some test has been applied to see if it satisfies some criterion of
accuracy, as those in (11) or (12) or some other, and if it does not
satlsfy the proper criterion the reason should be sought in the change
in channel, in gage, or in mistakes.

(14) For flood measurements and in cases where the velocity is so
great that the meter can not be kept at about 0.6 depth, the velocity 1
foot below the surface should be obtained and the discharge computed
from the formula Q=C(V', F'+ V", F"4+ ... .) where V', V",

. are the velocities 1 foot below the surface; 7, 7", . . . . are
the component areas; and € a coefficient whose value varies from 0.95
for deep streams to 0.85 for streams of somewhat less than moderate -
size and depth. An easily recognized mark on the meter cable will
facilitate the keeping of the meter 1 foot below the surface.

(15) Discharge should not be measured with a current meter in a
section where the mean velocity is less than half a foot per second in
more than 15 per cent of it. Usually during low water a section can
be found within a reasonable distance of the station with-a velocity of
1 foot or more and with a comparatively smooth bed, to which access
can be had by wading.
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VERTICAL-VELOCITY-CURVE MEASUREMENTS.

' ON SOUTHERN RIVERS.

During 1903 a series of 301 vertical-velocity-curve measurements
were made on a number of rivers in Virginia, North Carolina, South
Carolina, and Tennessee, by E. W. Myers and Brent S. Drane, of the .
Survey. In the majority of instances these observations were made
“after a gaging of the stream by the six-tenths depth method, the object
being to get, for that gaging, the coefficient for reducing the velocities
observed at six-tenths depth to mean velocity. At times, however,
the entire gaging would be made by taking the vertical velocity
curved at regular intervals of five or ten feet, across the section.
In these instances the velocity at six- tenths depth was usually not
observed.

The top-and-bottom method was not used. The velocities tabulated
as observed at surface were really observed at a depth of 0.5 foot
below the surface, Mr. E. C. Murphy having found in his Cornell
experiments that the small Price meter does not register the true
velocity when run just beneath the surface, if the velocity is greater
than about 2 feet per second. Similarly, no readings were taken
closer than 0.5 foot from the bottom, this being the distance of the
center of the meter wheel above the bottom of the weight.

With only two exceptions the measurements were made from
bridges. Properly, the meter should be lowered from the downstream
side of the bridge, and have an additional cable attached to it, running
down to it'from the upstream side of the bridge, thus insuring its
being lowered vertically in the section. This practice was followed
at only one station, at Judson, N. C., on Little Tennessee River. At
all other stations the meter was swung downstream more or less by
the current, and the velocities were not strictly in the vertical plane
of the section; the slant was so slight, however, as not to be of
material consequence.

In measuring, the meter was carefully lowered until the middle of
the meter wheel was just on the water surface. It was then lowered
0.5 foot and run for fifty seconds. This reading having been recorded,
it was lowered 0.5 foot, placing it 1 foot below the surface. The meter
was run here, and in like manner downward in succession, at intervals
of an amount dependent on the depth and on the time at the disposal
of the hydrographer, the last reading being taken with the meter weight
resting on the stream bottom. The meter was then raised until the
bottom of the weight just touched the water surface, and the distance
through which it had been raised was carefully measured. This was
the slant depth, and was recorded in such a manner as to avoid confu-
sion with the vertical sounding previously made to develop the section.
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The field notes of a typical curve are as follows:

[Gaging made January 23, 1904, by B. S. Drane, meter No. 349, on Dan River, at Madison, State of
North Carolina. Gage height: beginning 2.10 feet, ending 2.26 feet, mean 2.18 feet. River rising.]

Soundings. Observations,
Total N
s Revolu- | Velocity | Per cent
D lfsrtgﬁllce Depth of | gy g}lg?,gf tions per| per  |of (slant)
initial Depth. Olzisgll:;va- seconds. | lutions. second. | second. | depth.
point. 3.
0.5 50 60 1.20 2.83 17
1.0 50 58 1.16 2.78 33
460 a3.0 1.5 50 54 1.08 2.59 50
2.0 50 47 .94 2,27 67
2.5 50 38 .76 1.83 83

aEqual slant.

In computing results, the first step was to express the depths at
which velocities were observed, as decimal parts of the slant depth.
This operation was very quickly performed by the help of a slide rule,
and the decimal fractions entered in the field notebook, each immedi-
ately after its velocity. This is indicated as having been done in the
field notes above.

The ohservations were then plotted on cross-section paper, record
book 9-209 being very convenient for the purpose. Depths were

plotted as ordinates and velocities as abscissas. A convenient scale is
4 inches to the total (slant) depth, this being considered as umty, and
1 inch for each foot per second of velocity.

A smooth curve was next drawn through the points thus plotted,
care being taken to give them, as nearly as possible, equal weight, if
all did not fall on a smooth curve. The abscistas were read off from
the drawing, at the surface at each tenth of the distance from top
to bottom and at the bottom, and set down in order. Thus, from the
above curve were set down: !

.8—2.90 .6—2.40
.1—2.90 7—2.19
2—2.87 .8—1.93
.3—2.81 .9—1.64
A4—2.71 —1.31
.5—2.58

The mean abscissa, or mean velocity, was then computed from these
by an expanded form of the prismoidal formula for eleven abscissas,
as tollows:

Vou=as 4 (Vo Vo b Vo b VoA Vo) 42(Vo - Vo -V V) + V4V ]
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Combining the above abscissas according to this formula, gave—

d1— 2.90 2— 2.87
3— 2.81 44— 2.71
65— 2.58 66— 2.40
Jg— 2,19 .8— 1.93
9— 1.64
12.12 9.91
4 2
48. 48
19. 82 19. 82
s— 2.90
b— 1.31
30 ) 72.51
2. 417=V,,.

The mean velocity for this curve was thus 2.417 feet per second, a
velocity found to lie on the curve at 0.59 of the depth from the surface;
this was marked on the curve in the cross-section book. The velocities
Voon, Virop, and £ (Viop+ Viorom) Were read off from the curve, and the

m

. A\
coefficients V—m’ v and
0.6 D Top

computed.
V% (T+B) p

A notebook was kept for these computations in which all data were
preserved. Above each set of curves was entered the river and station,
the date, and the gage height, with the number of the current-ineter
nolebook in which the field notes were to be found, and the page of
the-cross-gection book on which the curves were drawn. Similar cross
references were entered in the original field notes and in the cross-
section bgok, thus making it easy to collect quickly all the information
and computation of any particular curve.

In the following tables the general character of the hottom at each
point of observation is indicated, as follows: M, mud or soft bottom;
S, hard sand bottom; G, gravel bottom; R, smooth rock bottom: B,
rough bottom of bowlders.
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“ertical rvelocity measurements in 1903 on rivers in Virginia, North Carolina, South Caro-
lina, and Tennessee.

APPONATTOX RIVER,o MATTOAX, VA.

2 Coefficient forre- | Depth of
E Velocity in feet persecond by fol- ducing to mean thread .
E - “lowing methods: e outt of mean g
- 24 velocity. | =
5 g " : © g o . S g =T g, -« 2
Date. | 2 | &3 PolSL &, |2 F g% s N
2 @ = . L= =} =} =
: o d | - o S | 3 g
ZNE | . EE PR Gs | RE| R O[SE|RE|R s |iE| %
o g g hs) j o (] £ g3 | B2 ™ 2 B S
PIE | 5| 5% | E° ST ER| R |2T|AR|E D |27 B
o ©o
S | A a | = 2> s o2 | © |8 || o | B | & (&
July 25 | 1.50 | 100 | 3.3 | 2.215 | 2.260 | 2.220 { 2.490 | 2.720 | 1.00 | 0.89 | 0.81 | 2.01 | 61.0 S.
110 | 3.3 [ 2.295 | 2,190 { 2.290 | 2.040 | 2.390 ( 1.00 | 1.12 | .96 | 1.97 | 59.6 S.
115 | 3.2 ) 2.214 | 2,190 | 2.250 | 2.160 | 2.330 98 11.02| .95 2.06 | 64.5 S.
May 21 | 2.83 90| 2.5| .920| .810| .820] .950 |1.690 | 1.12| .97 | .Hh4 | 1.32|53.0 S.
100 | 4.1 1 2.020 | 2.070 | 2.070 | 1.980 | 2.340 98 11.02| .86 |2.58 | 63.0 S.
110 | 4.5 | 2,150 | 2.370 | 2.320 | 1.920 | 2.610 93 | 1,124 .82 3,15 70.0 S.
130 4.111.760 | 1.760 | 1.760 | 1.380 | 2.640 | 1.00 | 1.27 .67 | 2.46 | 60.0 S.
Aug. 29 | 4.62 90 | 4.9 2.238 | 2.330 | 2.260 | 1.500 | 2.590 99 [ 1.49 | .86 | 2.99 | 61.0 S.
Mean.|......|-coeoc]|eaaoa. [ R PR P I S, 1.00 | .11} 0.81 |...... 61.5
JAMES RIVER,b» CARTERSVILLE, VA.
May 22 | 2.42 90| 4.4 |1.880 [...._.. 1.840 | 1.760 | 2.130 | 1.02 | 1.07 | 0.88 | 2.53 | 57.6 S.
200 3.0 (2.200 |....... 2.220 | 1,660 | 2.470 | 1.00 | 1.32 .89 | 1.83 | 61.0 S.
350 3.8 2.270 | 2.870 | 2,300 | 2.200 | 2.580 .99 ] 1.03 .88 | 2.36 | 62.0 S.
500 | 4.0]1.960 | 2.200 | 1.930 | 1.900 { 2.370 | 1.02 | 1.03 | .83 | 2.32 | 68.0 S.
640 | 3.8 12.370 |....... 2.355 | 2.340 | 2.580 | 1.0L [ 1.01 | .92 | 2.18 | 57.5 8.
760 | 1.0 | 2.340 | 2,800 | 2.350 | 2. 2.580 | 1.00 | 1.04 | .91 | 2.46 | 61.5 S.
Mean.|......| oo e I I U 1.0L | 1.08 | .88 |...... 59.6
ROANOKE RIVER,c ROANOKE, VA,
July 20! 1.03 95| 3.3]0.871 | 0.810 | 0.880 | ¢.800 | 0.840 | 0.99 [ 1.09 | 0.93 | 2.05 | 62.0 8. -
May 13 | 1.40 25 2.4 | 1.485 | 1.530 | 1.570 | 1.660 | 2.030 .95 89 L7383 L49 [ 62.0 8.
. 40 | 2.91.730 | 1.570 { 1.730 | 1.800 | 2.030 | .89 | 1.83 | .85 | 1.87 | 64.5 8.
50 | 2.9!1.846 | 1.500 1 1.275 | 1.560 | 2.030 | 1.06 8 | .66 | 1.62 | 56.0 S.
56 1.8 | 1.960 | 1.820 | 1.990 | 2.020 | 2.130 .98 97 92 116 | 64.5 S.
60| 8.0 1.500 | 1.410 | 1.450 { 1.460 | 2.000 | 1.03 | 1.03 | .75 | 1.74 | 58.0 S.
90 | 2.51.720|1.860 | 1.760 | 1.700 | 1.830 | .98 | 1.01 | .99 | 1.60 | 64.0 R.
95| 1.8 1.810 | 1.120 | 1.270 | 1.510 | 1.930 | 1.03 871 .68 |1.01 | 56.0 R.
JU% <5+ S DR IR DRI FPURISPN BN RO PPN SR, .99} 101 81 |...... 60.9
' STAUNTON RIVER,d RANDOLPH, VA.
Aug. 28 1 3.61 | 200 | 4.2 [2.394 { 2.300 | 2.450 | 2.130 | 2.330 ( 0.98 | 1.12 | 1.03 | 2.67 | 63.5 S.
230 2.8 12.726 | 2.990 | 2.800 | 2.590 | 3.050 .97 | 1.05 .89 11.76 | 63.0 S.
260 2.0 | 2.810 | 2.920 | 2.840 | 2.770 | 3.090 .99 1 1.01 .91 1.22 | 61.0 8.
330 2.3 11.350 | 1.600 | 1.300 | 1.430 | 1.800 | 1.04 .94 .75 | 1.25 | bd.5 s
360 | 3.7 [ 2.417 | 2.630 | 2.460 ( 2.290 | 2.520 | .98 | 1.06 | .96 | 2.29 | 62. G.
390 | 2.0]2.920 | 2.920 | 2.980 | 2.850 | 2.850 .98 11,02 | 1L.o2 | 1. 67.0 ] G.

aThis station is on the steel deck bridge of the Southern Railway, 27 miles south of Richmond, Va.,
at Mattoax station. The right bank is high and steep, but the left bank is low, and overflowed by
floods. The bottom is firm, of sand and gravel. The current is steady at low water and ordinary
stages, but very irregular in flood stages.

bThe station here is on the wooden wagon bridge between Cartersyille post-office and Pemberton
station, on the James River branch of the Chesapeake and Ohio Railroad. There are 6 spans, with
a total width of 790 feet at low water. The bottom is remarkably uniform, of sand, gravel, and small
rocks, and the current very regular. :

¢ The old station, where these curves were made, is at the Walnut Street Bridge, on the edge of the
city of Roanoke. Thebottom is of rock and sand, very uneven, and the currentirregular and shifting.

dThis station is on the steel bridge of the Richmond and Danville branch of the Southern Railway,
near Randolph, Va. At ordinary stages the stream flows under two spans. Floods spread out under
all four spans and overflow the left bank; there are two flood channels through the long embank-
ment on which the track approaches the bridge, on left bank. Thebottom is soft, of silt and fine
sand along left bank; but becomes firmer toward right bank, of sand and gravel. The current is
steady and of fairly good velocity at all stages.
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Vertical velocity measurements in 1908 on rivers in Virginia, etc.—Continued.

STAUNTON RIVER, RANDOLPH, VA.—Continued.

c - _| Depth of
k= Velocity in feet per second by fol- g“’l%?:lci%%té?;;: thread .
= lowing methods: . veloctty of mean g
e Y. velocity. 8
8. pos 2
3 ] © u s 3, = 3 8
RS C-ANREPAE R T ME IR -
B o 3 o .
2 g 75 | TR |SE|TE| P |gE|%E| B | (3R ¢
= 4 | 8% | EB|BE | & L 188 B2l B |8 |88 &
212 |5 ([E2|8°|=% 28| & |®8°|8=| g | & |&a°| &
2]
s |2 @ & < b3 26 -] @ 2491 o a |g |
[ [=] [=] 1= (=] =3 o o 5 o= o fi=] - 8]
Aug. 8]4.60 | 200 4.8 | 2.504 [ 2.390 | 2,540 | 2.260 | 2,330 99 | 1.11 | 1.07 | 3.10 | 64.5 S.
220 | 4.3 | 2.849 | 2.990 | 2.870 | 2.660 | 2.920 | .99.| 1.07 [ .98 | 2.64 | 61.5 8.
240 | 8.7 18.111 | 3.120 { 3.210 | 2.730 | 8.320 | .97 [ 1.14| .94} 2.48| 67.0 S.
340 | 4.712.802 | 3.880 | 2.920 | 2.260 | 2.990 | .96 | 1.25 | .94 | 3.08 | 65.5 S.
870 | 3.5 1.952 | 1.730 | 2.060 | 1.700 | 1.930 | .95 1.15 | 1.0L | 2.31 | 66.0 G.
390 [ 3.8 | 2.778 | 8.290 | 2.900 | 1.870 | 2.990 96 [ 1.49 | .93 | 2.47 | 65.0 G.
420 | 4.412.102 | 2.560 | 2,250 | 1.830 | 1.930 | .93 [ 1.1 | 1.09 | 3.43 | 78.0 | G.
June 24 | 5.28 | 200 | 5.2 | 2.290 | 2.660 | 2,370 | 2.210 | 2.520 | .97 | 1.04 | .91 | 3.38 | 65.0 8.
220 | 5.2 |2.758 | 2.660 | 2.810 | 2.510 | 2.890 | .98 [ 1.i0| .95 )3.36 | 64.5 8.
240 | 4.5 2.725 (3.320 [ 2.920 | 2.350 | 3.320{ .93 [1.16| .82!2.99 | 66.5 8.
260 | 4.1 | 2.900 | 3.110 |\8.110 | 2.610 | 3.870 | .93 | 1.11| .86 | 2.75 | 67.0 8.
340 | 6.0 2.822 { 3.250 070 | 2.270 | 2.800 | .92 | 1.24| .98 | 4.44 | 74.0 S.
880 | 5.0 | 2.750 | 2.990 | 2.970 | 2.410 | 2.680 | .93 | 1.14 | 1,03 | 8.65 | 71.0 | G.
400 | 6.0 | 2.692 | 2.990 | 2.860 | 2.460 | 3.110 94| 1.09| .87 {4.05|67.5| G.
Mean. |...o.ofouenns U R R R A PR .96 1 1,12 | .95 f...... 65.7
DAN RIVER,c MADISON, N. C.
Oct. 1]0.8 | 510 1.9 0.734 ] 0.783 | 0.730 | 0.75L | 0.880 | 1.00 | 0.98 | 0.83 | 1.14 | 60.0 | M.
520 | 3.8 |1.638 . 1.640 | 1.880 | 1.01 | 1.00 | .87 | 2.20 | 58.0 | M.
560 | 1.7 . 1.780 | 2.220 | 1.04 { 1LOO} .80 | .99 [ 58.0| M.
July 18 | 1.14 | 466 | 2.7 3 2,670 [ 2.820 ] .97 | 1.05( .99 |1.71)63.6| G.
460 | 2.7 | 2. . 2,400 | 2.790 | .98 [1.10| .95 | 1.67 | 62.0 | G.
500 3.0 2. 3 2,100 [ 2.430 | 1.01 | £.02 | .88 ) 1.77 | 59.0 | M.
550 | 2.3 | 2. 2. 1.510 [ 2.660 | .91 [ 1.53 1 .87 | 1.53 | 66.6| M.
June 18 [ 2.05 | 450 | 2.6 | 2. . 2,240 [ 2.940 | .94 1.03| .79 | 1.60 | 64.0|  G.
455 | 2.7 2. 8 2.770 1 3.180 | .89 | .97 | .84 [ 1.86|69.0( G.
460 | 3.2 12, 3 2.630 ] 8.130 | .98 ] 1.04| .88]2.08[65.0( G.
465 | 3.5 | 2. 3 2.800 | 3.080 | .97 |1.05| .96)2.33|66.5| G.
470 [, 3.4 | 2. . 2.890 | 3.300 [ .99 11.03 | .911207)|6L0/| G.
475 ['3.5 | 2. . 2,900 | 3.470 [ 1.00 | 1.03 | .86 |2.10 | 60.0 | G.
480 |* 3.1 | 2. . 2,800} 3.320| .97 |1.03| .87 197635 G.
485 |- 2.8 | 2. 3 2.630 | 8.080 | .99 1.01]| .86 [1.71]61.0 G.
490 {"8.1}2. 3 2,610 3.080 | .99 |1.02| .86 1.89 610 G.
495 | 3.3 |2 . 2,620 | 2.990 | 1.00 | 1.01 | .88 | 2.00 | 60.5 S.
500 |.3.3 (2. 3 2.560 | 2.940 | 1.01 | 1,01 | .88 ]1.95}159.0| M.
B0b | 18.1 2. 2. 2,470 | 2.990 | .95 | 1.02| .85 | 2.05]66.0| M.
510 | 3.2 {2, . 2,400 13.130 | .95 1.06| .82|2.08|656.0| M.
516 | 3.2 | 2. 3 2,440 1 8.030 | 1.00 [ 1.00 | .81 ] 1.92 | 60.0 | M.
520 3.7 | 1. . 2,210 | 2.560 | 1,10 | .78 | .67 |1.96|563.0 | M.
545 | 2.8 |1, . 1.820 [ 2.180 | 1.04 { .81 ] .68 1.62 58,0 | M.
B0 [ 2.5 1 2. . 2,070 | 2.870 | 1.01 | .98 | .85 | 1.47 § 59.0 | M.
555 | 1.8 | 2. 3 2.190 | 2.870 [ 1.00 | .96 | .89 | 1.08 | 60.0 | M.
560 | 1.4 2, 2. 2,180 | 2.280 | .98 | .97 | .91 .98 (640 M.
566 | 1.7 | 1. . 1.900 | 2.130 | .98 | .95 | .85 1.05 | 615 M.
570 | 1.6 | 1. . 2.020 | 2.230 | .99 | .96 | .87} .98 |6L5| M.
575 | 1.8 . .450 | 1.570 | 2.040 | 1,08 } .95] .73 11.05|585| M.
580 1.3 11.290 ....... 1.390 | 1.540 | 1.570 | .93 | .84 .82 .8 | 66.6| M.
58| 1.411.600....... 1.750 | 1.590 | 1.470 | .91 | 1.01 | 1.09| .98 70.0 | M.
Dec. 21 | 2.05 | 515 | 8.2 1.859 f....... 1.700 | 2.000 | 2.590 | 1.09 | .93 | .7211.68|52.5| 8.
555 | 8.0 12.314 .. ..., 2,420 | 2.140 | 2.710 | .96 | 1.08 | .85 | 1.90{ 63.5 | M.
565 | 2.6 | 2.541 |....... 2, 2,610 [ 2.810 [ 1.02 | .97 | .90 |1.88 | 53.0 | M.
H75 | 2.6 | 2.479 ... ... 2,510 | 2.430 | 2,780 .99 | 1.02{ .89 | 1.61 | 62.0 | M.
May 14 | 2.07 | 450 | 2.4 | 2.180 |....... 2.180 | 2.140 | 2.610 | 1.00 | 1.02 | .84 | 1.44 | 60.0 | G.
. 460 ) 3.1 12540 |....... 2.620 | 2.430 | 2.900 | .97 | 1.06| .88 |2.00}644| G.
470 | 3.1 ]2.800 |....... 2.830 1 2.830 | 3,090 | .99 | .99 | .91 |1.92162.0| G.
490 | 2.7 | 2.750 |......2| 2.780 | 2.680 | 3.020 | .99 (1.03 | .91 | 1.69|62.5| G.
510 f 3.7 2.800 |....... 2,830 | 2.670 |,2.880 | .99 | 1.06 | .97 |2.36 | 63.7 8.
550 | 3.0 12.600 |....... 2,610 | 2.630 [ 2.950 | .99 | .99 | .88 1.86 | 62.0| M.
e 570 | 2.4 12.466 |....... 2.470 | 2.460 | 2.730 { 1.00 | 1.00 | .83 | 1.44 | 60.0 | M.
Mean.{......tooooodooao oo .99 | 1.01 8 |...... 61.6

aThis station is on the ¢overed wooden bridge of the Soutbern Railway, about one-half mile from
Madison. At all ordinary stages the river flows under only two spans. The banks are of loose sand,
and the bottom to right of central pier is of coarse, loose sand, subject to change. Under the span to
the left of central pier the bottom is hard sand, except for a short section close to the pier. The cur-
rent is uniform and fairly swiit.
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Vertical velocity measurements in 1903 on rivers in Virginia, etc.—Continued.

DAN RIVER,e SOUTH BOSTON, VA.

= . Depth of
pe Velocity in feet per second by fol- (é{):éliicietnot gﬁ;‘e‘- thread :
d lowing methods: v]:,‘]gocit of mean g
- y- velocity. | £
N 2
;| 24 d < =7 : 2 . : o
- .
g |y 25|35 8g | vE | ¢ |sf|%E| T |, |84 &
S8 | 5 |EE | e8| BB | B2 | L |BE|E2| E| 8 |88 8
2 |& 2 | €8 | 3° | 35 | 3w g |25 |85 8. | & |g5| &
g |8 |8 |2 S8 | B |T |42 &S5 £
S A [=] > (=] =y o= < P o= o [= R = [
Aug. 27 | 1.40 | 160 | 5.6 1.508 | 1.570 | 1.600 | 1.390 | 1.670 | 0.94 | 1.08 | 0.90 | 8.75 | 67.0 | S.
180 | 5.511.953 | 1.930 | 1.940 | 1.880 | 2.260 01 |1.04| .8 |3.25|59.0| 8.
280 | 4.7 11,968 {1.910 1.970 | 1.900 | 2.130 | 1.00 | 1.04 .92 | 2.87 | 61.0 | S.
323 | 3.5 952 f.......} .960 ] .910 | 1.010 99 | 1,05 | .94} 2.17 | 62.0 | 8.
Aug. 8[2.62| 275 6.1 2899 {....... 2,440 | 2.170 | 2.520 98 | 1.11 .95 [ 3.81 | 62.5 | 8.
300 | 5.7 ]2.021 | 2.330 | 2.060 | 1.900 | 2.330 98 | 1.06 .87 1 3.69 | 63.0| S.
520 5.3 1.833 | 1.800 | 1.970 | 1.640 | 1.800 96 | 1.15 | 1.05 | 3.76 | 71.8 | 8.
June 23 [8.71| 130 | 9.0 | .900 | .660 | .900| .780 |{1.140 | 1.00 | 1.15| .79 | 5.40 | 60.0 | M.
150 | 8.8 | 2.065 | 2.260 | 2.260 | 1.850 | 2.280 91 |1.12) .91 |5.85|69.0| R.
180 | 7.9 | 2.295 | 2.420 | 2.360 | 2.070 | 2.660 97 | 1.11 ]| .86 | H.02 | 63.5 | 8.
260 | 8.1 2.413 | 2.710 | 2.500 | 2.070 | 2.850 97 | 1.11{ .8 |5.31 | 65.56 | 8.
300 | 6.7]2.215| 2.280 | 2.250 | 2.040 | 2.610 98 | 1.09 .85 | 4.19 | 62.5 | S.
330 ( 5.1]1.510 | 1.640 | 1.520 | 1.380 | 1.590 99 {109 .95(3.0960.5]| 8.
Mean .| .o i et .98 [ 1.09] .90 |...... 63.6
REDDIE RIVER,? NORTH WILKESBORO, N. C.
July 17 [e24.67| 45| 1.7 | 1.620 | 1.600 | 1.570 | 1.730 | 2.060 | 1.03 | 0.94 | 0.79 | 0.96 | 56.5 | 8.
55 | 2.112.010 {....... 2,000 | 2.040 | 2.300 | 1.00 .99 .87 ] 1.24 | 59.0 S.
70 | 2.5 |1.640 | 1.530 | 1.610 | 1.670 | 2.000 | 1.02 | .98 | .82 | 1.44 | 57.5 S.
Mean.|......|ccoeoifoirncfemmmmne]iemmen]cmemaieennat]enes ... 1,02 .97 .8 [...... 57.7
YADKIN RIVER,d NORTH WILKESBORO, N. C.
Oct. 3|0.33| 80| 3.5|1.203 |1.160 | 1. 1.210 | 1.810 | 1.00 [ 0.99 | 0.92 | 2.10 | 60.0 | M.
90| 4.1 1.372 | 1.350 | 1.870 | 1.330 | 1.550 | 1.00 | 1.03 | .59 | 2.46 | 60.0 [ M.
110 | 3.4 [2.092 ] 2.070 | 2.070 | 1.960 { 2.360 | 1.01 | 1.07 89 | 2.01 [ 59.0 | M.
120 | 3.0 | 2.242 | 2.640 | 2.250 | 2.120 | 2.640 | 1.00 | 1.06 | .85 | 1.82 | 60.5 8.
130 | 2.7 12.648 | 2.190 | 2.690 | 2.280 | 2.190 | .98 | 1.16 | 1,21 | 1.70 | 63.0 8.
140 | 3.0 | 2.583 | 2.740 | 2.560 | 2.460 | 3.880 | 1.01 | 1.05 | .90 | 1,77 | 69.0 S.
Nov. 6]0.71 80| 3.8|2.897 | 2.570 | 2.550 { 2.220 { 2.310 [ .97 [1.08 | 1.04 | 2.77 | 73.0 | M.
100 | 5.2 | 2.556 | 2.760 | 2.700 | 2.870 | 2.460 | .95 | 1.08 | 1.04 | 3.85 | 74.0 | M.
130 | 8.2 2.068 | 2.220 | 2.100 | 1.930 | 2.070 | .98 | 1.07 | 1.00 | 2.02 | 63.0 8.
July 16 | 1.15 70 | 4.2 1.514 [ 1.860 | 1.500 | 1.160 | 1.970 } 1.01 | 1.81 | .77 | 2.48 | 59.0 | M.
80 [ 4.52.390 | 2.540 | 2.400 | 2.250 | 8.820 | 1.00 | 1.06 | .72 | 2.72| 60.56 | M.
90} 732680 |....... 2.860 [ 2,320 { 2.790 | .94 [ 1.16 | .96 |3.55|67.0 M.
100 | 5.4 | 2.967 | 8.050 | 8.050 | 2.860 | 3.060 | .97 | 1.04 | .97 | 4.05 | 75.0 | M.
110 | 5.3 | 2.800 | 3.050 | 8.040 | 2.070 | 2.990 1.85 | .94 | 3.60 | 68.0 S.
120 | 4.3 | 2.960 | 2,920 | 2,990 | 2.760 | 8.180 99 | 1.07 | .93} 2.62|61.0 S.
130 | 3.3 | 2.530 | 3.050 | 2.780 | 2.330 | 2.920 90 | 1.09 | .87 2.21{67.0 S.
June 17 | 1.46 70 | 4.3 1.787 1.710 | 1.810 | 2.420 [ 1.04 | .99 | .74 | 2.45|57.0| M.
7 4.4 2.845 8.050 | 2.590 | 3.180 93 | 1.10-{ .89 | 3.01 |68.5 | M.
851 5.5 2.821 8.050 [ 2.450 | 3.080 1.16| .92 4.18|76.0 | M.
95 | 6.0 | 2.909 3.040 | 2.630 | 3.180 | .96 | 1.11 | .91 [ 4.60 | 75.0 | M.
106 | 6.3 | 2.927 8.060 | 2.300 | 2.750 93 1 1.27 | 1.06 | 4.91 | 78.0 S.
115 | 6.3 | 3.162 3.810 | 2.880 | 2.990 96 | 1,10 | 1.06 | 4.95 | 78.5 8.
125 | 4.5 | 8.120 3.240 [ 3.250  3.230 | .96 | .96 | .97 {3.37|75.0 S.
135 | 8.8 | 2.876 2.810 | 2.940 | 8.270 | 1.02 | 798 | .88 2.00 | 52.5 8.
1451 4.2 2,737 8.070 | 2.260 | 83.8370 | .89 | 1.21 ] .81 2.90 | 69.0 8.

aThis station is on the steel bridge of the Norfolk and Western Railway. At ordinary stagesthere is
only one obstruction in the section—the tubular steel central pier. Floods do not spread far on left
bank, but overflow a wide flood plain on right bank. A portion of a dam washed down from above,
stranded near left bank about 200 feet above the bridge, makes the current uneven for about 50 feet
frorg left bank. The bottom in lee of this obstruction is of soft mud. Elsewhere it is hard, clayey
sand.

bThere is no regular station on this stream, which is a tributary of Yadkin River. The bottom is
smooth and hard, of sand. -

¢Below bench mark. }

dThis station 1s on the lower wagon bridge, crossing the river about 1 mile from Wilkesboro rail-
road station. At ordinary stages there is no obstruction in the section, but floods overflow the nght
bank around a stone pier and trestle beats. The current makes a slight angle with the bridge, and
thelreﬁi%:,n ulsation in'it. The bottom is somewhat shifting, of coarse sand, with some bowlders close
to le: .
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Vertical velocity measurements in 1903 on rivers in Virginia, etc.—Continued.

YADKIN RIVER, NORTH WILKESBORO, N. C.—Continued.

= . _| Depth of
k=t Veloeity in feet per second by fol- %‘:ﬁgi;‘eg f,‘jﬁ;ﬁ thread .
g lowing methods: ettt of mean g
y. velocity. §
g
= 3] & < g & 3 g B 3 8 o
S R RERI R TR R
o =3 - ™~
g 3 22 | P2 |28 | T3 8 |SE (%8| % | L | %5 B
22 4 (S5 |88 88 |e2| & |85 1838 B |8 |58! 3
B2 B |50 25|20 88| 2 155188 £ |¢% |27 4
S | A a|> ) 3 °% | 5 |3 (o3| o | § |8 1
June 16 | 1.56 70| 4.412.150 |....... 2.030 | 1.870 1 2.930 | 1.05 | 1.15 | 0.78 | 2.46 | 56.0 | M.
80| 5.2 3.026|3.320 | 3.160 { 2.780 | 3.230 | .96 | 1.09 % 3.69 | 71.0 | M.
90| 6.0 2.767 [....... 3.04012.190 | 3.320| .91 {1.26 4.41 [ 73.6 | M.
100 | 6.4 | 3.070 |....... 3.330 | 2.680 [ 3.270 | .92 1.15| .94}14.58|7L5| M.
110 | 5.918.026....... 3.350 1 2.300 | 8.490 | .90 [ 1.32] .87 4.19| 7.0 S.
120 5.8 | 2.648|....... 2,700 | 2.570 { 8.180 | .98} 1.03 | .83 |3.62 | 62.5 S.
130 | 4.6 2.385 |....... 2.580 | 1.900 {1 2.850 | .90 1.23( .82 |3.06 | 68.0 8.
140 | 4.3 ] 2,990 [....... 3.080 | 2.870 {3.270 | .97 | 1.04 | .91 [ 2.75 | 64.0 8.
Mean.|......|ceeeeslinnnnn RPN PR DR SR PR .96 | 1.12 9 |...... 66.5
YADKIN RIVER,a SALISBURY, N. C.
Dee. 17 (1.80 | 120 | 4.0 | 0.780 | 0.690 { 0.760 | 0.720 | 1.020 | 1.03 |{ 1.08 | 0.76 | 2.32 | 58.0 S.
140 | 8.7 | .958 | .950 | .900 | .960 | 1.090 |1.01 | 1.00 | .88 | 2.18 | 59.0 S.
160 | 6.1 1 1.063 | 1.190 | 1.060 | 1.020 | 1.350 | 1.01 { 1.04 .79 1 3.66 | 60.0 S.
June 20 | 2.57 801 8.1]1.970 | 2.000 | 2.090 | 1.920 | 2.180 | .94 | 1.03 | .90 | 2.05 | 66.0 8.
110 | 8.2 1.700 | 1.230 | 1.630 | 1.700 | 2.280 | 1.04 | 1.00 | .75 | 1.78 | 67.5 S.
200 | 3.1 2.540 | 2.800 | 2.610 | 2.470 [ 2.760 | .97 [1.08 | .92 2.02 | 65.0 8.
260 | 4.3 1.990 | 1.850 | 1.830 | 1.870 | 2.890 | 1.09 | 1.06 | .69 | 2.37 | 556.0 8.
360 | 5.4 295028502970 2370 )8.820 | .99|1.24| .89 [3.32|61.5]| S.
380 | 11.3 | 3.230 | 4.180 | 2.980 [ 3.040 | 4.650 | 1.08 | 1.06 | .69 | 6.10 | 64.0 S.
420 | 3.9 | 2.980 | 3.130 | 2.880 | 2.900 | 3.660 | 1,03 | 1.03 .81 12.16 | 65.5 8.
DU C7:1 ¢ N R IR DRRPRPION RPN PRNPPIPN RPN PPN R 1.02 | 1.06 [ 3 N PR, 59.2
CATAWBA RIVER,> MORGANTON, N. C.
Oct. 28 | 1.16 50| 1.9(1.072 | 1.040 | 1.050 | 1.150 { 1.310 | 1.02 | 0.92 | 0.82 | 1.10 | 58.0 S.
70{ 3.01.029 .980 | .970 [ 1.100 | 1.470 | 1,06 | .94 .70 | 1.68 | 66.0 8.
9 | 8.5 1.367 | 1.260 | 1.830 | 1.800 | 1.690 | 1.03 | 1.05 .81 12,03 |568.0 S.
110 | 8.2 11.420 { 1.300 | 1.390 | 1.830 | 1.740 | 1.02 | 1.07 .82 1 1.86 | 68.0-| S.
130 | 2.8 1.636 | 1.720 | 1.600 | 1.600 | 1.980 | 1.02 | 1.02 .83 | 1.61 | 7.5 G.
150 | 8.6 1.190 | 1.130 | 1.180 | 1.160 | 1.450 | 1.01 | 1.03 .82 1 2.08 | 59.5 G.
170 | 3.5 .825) .830 825 | .800 970 | 1.00 | 1.03 | .85 | 2.10 | 60.0 Q.
Deec. 11 | 1.20 650 { 1.8 .851| .690| .810 | .910|1.190 | 1.05| .94 .72 1.03|567.5| R.
60| 2.8 .88 | .990 .83011.070 | .95 1.03 .80 | 1.85 | 66.0 R.
70| 8.0)1.002| .870 | 1.040 .980 | 1.810 .96 11,02 .76 |1.89 | 63.0 R.
80| 8.3(1.106} 1,190 | 1.100 | 1,100 | 1.450 | 1.00 | 1.00 .76 1 1.98 | 60.0 R.
90 ( 8.3 ]1.293 | 1.280 | 1.290 | 1.220 | 1. 1.00 | 1.06 .77 11.98 | 60.0 | R.
100 | 3.2(1.351 | 1.430 | 1.830 | 1.860 | 1.790 | 1.02 | .99 |..75 | 1.86 | 58.0 S.
110 | 8.2 1.870 | 1.160 | 1,310 | 1.870 | 1.930 | 1.05 | 1.00 711 1.79 | 56.0 8.
120 | 8.0 1.685 | 1.620 | 1.730 | 1.600 | 1.980 .97 | 1.05 .8511.89 | 63.0 8.
- 130 ] 3.3]1.651 | 1.690 | 1.680 | 1.570 | 1.930 | . 82 1.05 .86 | 2.06 | 62.5 S.
140 | 3.2 1.489 | 1.850 | 1.430 | 1.450 | 1.830 | 1. 1.03 .81 | 1.74 | 54.5 S.
140 | 8.2 ) 1.394 | 1.470 | 1.400 | 1.360 | 1.640 | 1.00 | 1.02 [ .85 | 1.92 | 60.0 S.
150 | 8.1]1.193 | 1.140 | 1.190 | 1.190 | 1.350 [ 1.00 | 1.00 | .88'| 1.86 | 60.0 S.
160 | 8.4 .786 . .830 | 1.740 | 1.020 | .95 | 1.06 L7711 2.23 | 65.5 S.
160 | 8.5 799 | .870 | .820 1.070 1 .97 |1.0a| .76 |2.17 [ 62.0| 8.
170 | 3.6 742 L7901 770 740 | . 920 .96 11.00 | .81 227630 S.
= 180 | 3.1 L7991 .740 | .760 740 | .830 .98 11.081 . - 1.92 | 62.0 S.

a All of the following curves were made at the Pledmont Fall Bridge, several hundred yards above
the railrdad bridge, where the gage is placed, about 6 miles from Salisbury, N, C. The railroad
bridge is preferable for goagmgs in time ot highest floods, which cut around the end of the tall bridge
on left bank, but the bottom is rocky and rough, and the current is whirled in all directions b;
ragged rock ledges just above. For this reason the toll bridge is to be preferred for gaging all
ordinary stages. At the toll bridge the current is regular at all stages. The bottom is sand, except
under firs span from left bank, where it is rock. X .

bThis station is on the Lenoir wagon bridge, 1 mile from Morgapton, & one-:gn steel bridge,
with wood trestle approach on right bank. The left'bank is a high rock cliff; the right bank is sand,
sloping gradually up above flood height. Along the left bank the bottom is rock for a short distance,
tdtilstn' tr;ftegmrse sand and gravel, which changes very little. The current is very even and well

ributed across. .

IRR 95—04+—10
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Vertical velocity measurements in 1903 on rivers in Virginia, etc.—Continued.

CATAWBA RIVER, MORGANTON, N. C.—~Continued.

= : Depth of
g Velocity in feet per second by fol- %o‘fg:ée?otgxégg- thread i
g lowing methods: velooit of mean g
a y- velocity. | S
= 2

s <3 ; © g =T 3 2| = 3 o
Date- | 5SS IR S B, ZEE B |ZE| R |5 %
T | =Elgs|ag|s5| 3 |2€|%E 2|, |eE]| &
S 08 | g |88 |28 leE eS| B |BB|E2 B |8 88| 8
AEREEE A AR AR LR AN R R
S |A A > |DO P o | & |s |o=| o | & |8 S
Aug. 21 | L.76 70 ) 3.8 |1.716 | 1.440 | 1.740 | 1.460 | 2.460 | 0.99 | 1.18 [ 0.70 | 2.34 | 61.5 R.
120 | 4.8 ]2.432 | 2.890 | 2,440 | 2.230 | 2.520 [ 1.00 | .09 | .93 | 2.64 | 61.5 S.
170 | 8.5 | 1.874 [ 2.160 | 1,900 | 1.780 | 2.060 | .99 | 1.05 | .91 | 2.17 | 62.0 S.
June 25 | 1.96 70| 4.0 |1.861 [ 1.950 | 1.870 | 1.540 [ 2.080 | 1.00 | 1.21 | .89 ( 2.42 | 60.5 R.
80| 8.912.233 | 1,930 | 2.220 | 2.160 | 2.800 | 1.01 [ 1.03 | .80 1! 2.82 | 59.5 R.
100 | 4.2 2.845 | 2,950 | 2.860 | 2.830 | 3.130 | .99 | 1.01 .91 2.62 | 62.5 S.
1351 5.0 (2120 | 2.400 | 2.160 | 1.830 | 2.610 | .98 | 1.16 | .81 | 3.10 | 62.0 S.
160 | 4.0 | 2.048 | 1.950 | 2.070 | 1.900 | 2.230 | .99 | 1.08 | .92 | 2.50 | 62.5 S.
180 | 3.5(1.861 ; 1.830 | 1.940 | 1,730 | 2.040 | .96 | 1.08 | .91 | 2.31 | 66.0 S.
May b |2.00 50 | 3.0 |2.043 | 2.410 | 2.000 | 2.000 | 2.510 { 1,02 | 1.02 | .81 |1.72 | 57.5| R.
60 | 3.8]2.223 (2470 2.810 | 1.860 | 2.440 | .96 | 1.20 | .91 |2.41 | 63.5| R.
70 | 5.0 {1.636 | 1.960 | 1.520 | 1.690 [ 2.370 | 1.08 | .97 | .69 [2.70 | 54.0 | R.
80 | 3.7 |2.465 | 1.880 | 2.450 | 2.440 | 3.120 | 1.00 | 1.01 | .79 | 2.20 | 69.5 | R.
90 | 3.9 (2.606 | 2.580 | 2.620 | 2.820 | 3.050 | .99 | .92 .85 | 2.36 1 60.5 | R.
1251 5.0 | 2.623 | 2.710 | 2.760 | 2.440 | 2.980 95| 1.08 | .83(3.45|69.0 S.
150 | 5.0} 2.601 | 2,780 | 2.620 | 2.490 | 2.810 99| 1.04 | .93 {3.02]|60.5 S.
Mean.|...oofeeeaci)oeaen]iiociilonmeeafoaeann ARSI A 1.00 { 1.04 | .82 ...... 60.6

CATAWBA RIVER, MOUNT HOLLY, N. C. (MISCELLANEOUS); BOTTOM MUDDY; CURRENT.

SLUGGISH. )
Nov. 13 | (@) 80| 6.3 0.494 | 0.450 | 0.470 | 0.480 | 0.610 | 1.05 | 1.03 | 0.81 | 8.34 | 53.0 | M.
(a) 180 | 7.0 .743 | .720 | .770 | .660 [ .780 | .96 |1.18| .95 | 4.48|64.0 | M.
5 4 e e P 1.00 | 1,08 | .88 |...... 58.5

CATAWBA RIVER; BELMONT, N. C. (MISCELLANEOUS); BOTTOM HARD SAND.

Dec. 3| (@) 110 | 3.5 |1.538 | 1.620 | 1.520 | 1.460 | 1.930 | 1.01 | 1.05 | 0.80 | 2.06 | 59.0 | S.

B 5 ¢ O O e e P O P TN 1.01 [ 1.05| .80 ...... 59.0

WATEREE (CATAWBA) RIVER,» CAMDEN, 8. C. ON TOLL BRIDGE, 3 MILES FROM CAMDEN.

May 26| 8.35| 180 | 12.3 | 1.430 | 1.330 | 1.440 | 1.340 | 1.620 | 1.00 | 1.07 | 0.88 | 7.38 | 60.0 | M.

280 | 14.2 | 1.330 | 1.370 | 1.270 | 1.090 | 1.500 | 1.04 | 1.92 | .89 | 7.53 | 53.0 | M.

June 23 (10.80 | 180 | 16.4 | 1.780 | 1.880 | 1.770 | 1.590 | 1.970 | 1.01 | 1.12 | .90 | 9.51 | 58.0 | M.

. 280 | 17.7 | 1.835 | 1.830 | 1.850 | 1.670 | 1.930 | .99 | 1.10 | .95 [11.06 | 62.5 | M.
(%5 T T U FORON EUPRU DR FUPOIN PSRN RS 1.01 [ 113 | .90 |...... 58.4

BROAD RIVER,c ALSTON, 8. C.

June 24| 6.30 | 70| 6.1|2.786 | 2.850 | 2.930 | 2.630 | 2.990 |0.98 | 1.06 [ 0.93 | 8.87 | 63.5 | M.

. 200 | 6.2 4.000 |....... 4.210 [ 2,920 | 4.500 | .95 |1.87 | .89 |4.15 | 67.0 | 8.

350 | 8.9|8.479 |....... 3.630 | 2.670 | 4.310 | .96 |1.30 | .81 |5.61|63.0| S.

- 480 | 5.0(8.929|....... 4.190 | 3.440 | 4.240 | .94 |1.14 | .93 |3.40 | 68.0 | 8.
Mean -|.oveofeweenenedoenna e e leeeee 96122 .89 [..... 65.4

aNo gage.

b The section is deep, with mud bottom, and the current very sluggish.

¢ This station is on the bridge of the Southern Railway,at Alston, S. C. The current is steady; the
bottom of fine sand, occasionally muddy, and subject to slight change. .
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Vertical velocity measurements in 1908 on rivers in Virginia, eic.—Continued.

SALUDA RIVER,c WATERLOO, 8. C.

= N Depth of

g Velocity lin feet per s]fcgnd by fol- C&’:gg?{gg’:;g‘ tf read g
o owing methods: : of mean
= velocity. velocity. g
g ) © g Qg . g | = : ) 2
2 L |Bd |ag|=gE | 9 |Sg(ws| ¢ gd | @
218 |4 (25| EB e |E2| E |8E\E2|E |5 |sE| ¢
o [

S 2 | 5|32 2° |2 [33| 2 |20 28| 2|2 ¥ 2
G | A A | > S b o 5 |8 |5%| o | 8 |& 5]
June 25 | 7. i5 640 2.330 | 0.98 | 1,13 [ 0.86 [ 5.81 | 62.5 S
670 2.510 | . 1.02 .89 | 4.33 | 61.0 S

750 2,510 | .95| .95| .70 | 1.89 | 63.0

DU =1 + 0 DR RSN PRI PR (RPN IR P ceeeeee| 2971103 .82...... 62.2

WATAUGA RIVER,> ELIZABETHTON, TENN.

Sept. 5 1.25 656 | 4.1]1.012 1.010 | 1.020 | 1.160 | 1.00 | 0.99 | 0.87 | 2.46 | 60.0 | R.
Nov. 26 | 1.26 30| 3.2 .344 .380 | .322 .384| .90 1.07( .90 |2.18 | 68.0 S.
40 | 8.3 | .422 470 | .380 | .500 | .90 | 1.11 | .84 (224 68.0 S,
65| 53| .461 450 | 440 ] .600 | 1.02 [ 1.05| .77 | 3.05 | 7.5 S
July 8| 1.61 40| 3.7 .266 .290 | .210 | .2 .92 1 127 .95|2.40 | 65.0 S.
46| 3.5 .439 .420 | .420f .650 | 1.05 | 1.05 [ .68 | 2.40 | 57.0 S.
55 | 4.3 | .401 .390 | 4101 .610 | 1.03 | .98 [ .66 | 2.54 | 59.0 S,
155 | 3.0 .692 .660 | 7301 .870 | 1,05 | .95 | .80 | 1.57 | 525 S.
195 | 3.0 | .702 L740 | .690 | 780 | .95 1.02 90 1 2.01 | 67.0 S.
210 | 2.6 | .643 .650 | .530; .790 99| 1.21 81| 156 | 60.0] G.

U (- « U RPN PRI PRI PR PR PR PN PO 98 | 1.07 82 ... 61.4

SOUTH FORK, HOLSTON RIVER, BLUFF CITY, TENN.

Sept. 4| 0.11 | 210 | 3.1 1.084 1.000 | 1.260 | 1.00 0.99. 0.86 | 1.86 | 60.0 | R.
July 2| .40 200 1.9 2.628 2.920 | 3.910 [ 1.35 ) .90 .67 11.10 | 58.0| B.
206 | 2.4 | b.066 5.010 | 6.230 | 1.01 | 1.01 | .81 | 1.39 | 68.0| B.
216} 8.6 | 2.695 2.530 | 2,590 | .94 | 1.07 [ 1.0412.77 | 77.0 | B.
250 | 2.8 | 3.366 8.150 | 3.840 | 1.00 | 1.07 | .88 11.68 | 60.0 | B.
266 | 2.3 | 2.346 1.880 | 2.520 | .94 | 1.25| .93}1.562)|66.0| B.
May 9| 1.50| 115| 2.7 | 6.770 L7401 1.220 | 1.00 | 1.04 [ .63 1.62 | 60.0 | B.
120 | 2.2 | 1.540 1.5660 | 1.760 | .96 | .99 | .88 ] 1.43 |65.0 | B.
130 | 2.8 1.650 1.630 | 2.200 | .98 |1.0L| .75 1.71|61.0 | B.
140 | 8.7 | 1.770 1.590 | 2.340 | .97 | 1.11 | .76 | 4.60 | 63.0 | B.
210 | 3.9 | 4.860 4,980 | 6.800 | 1.08 | .98 | .70|2.07|53.0| B.
240 | 4.1 2.290 2.020 | 8.600 | 1.03 | 1.13 | .64 | 2.38 | 58.0 | B.
250 | 4.1 | 4.210 4.020 | 5.090 | .98 [1.05| .83|2.54|62.0| B.

Mean | ..o e ceeeee{ 102205 ] .80 |...... 61.6

NOLICHUCKY RIVER,¢ GREENEVILLE, TENN.

Oct. 15[0.00 | 100 1.6} 0.935 | 0.870 | 0.900 | 1.010 | 1.210 | 1.04 | 0.93 | 0.77 | 0.90 | 56.0 | B.
120 1.6 775 | 720 | .730 | .840 | 1.160 | 1.06 8| .67 | .90 H7.0| B.
140 | 1.8 903 | .970 [ .900 [ .900 | 1.020 | 1.00 | 1.00 | .39 [ 1.08 | 60.0 | B.
170 | 2.3 487 | .450 480 | .540 690 | 1.02 90| .71 11.06|59.0] B.
230 | 3.8 627 | .610} .640| .610 760 | 1,00 | 1.03 | .82 2.36 | 62.0 | B.
260 | 8.7 743 | 770 | 760 | .710 970 99 | 1.05( .7712.28)6L5| B.
July 1/0.61] 100 2.2 | 1.663 |....... 1.660 | 1.640 | 2.000 | 1.01 | 1.01 | .83 { 1.30 | 59.0 | B.
120 | 2.4 | 1,586 | 1.400 | 1.510 | 1.540 | 2,000 | 1.02 | 1.00 | .77 | 1.42 ] 59.0| B.
140 | 2.5 | 1.416 | 1.340 | 1.400 | 1.400 | 1.730 | 1.00 | 1.01 | .82 | 1.46 | 58.5] B.

aThis station is on the bridge of the Charleston and Western Carolina Railroad, 10 miles north of
Greenwood, 8. C.,and is best reached by driving from Greenwood. The current isregular; the bottom
sandy and somewhat shifting. X .

b This station is on the bridge of the Virginia and Southwestern Railway, at Siam station, 3 miles
from Elizabethton, Tenn. The bottom is of fine sand and gravel, with a shoal of small rocks in mid
stream. The current is small at low water. .

eThis station is at Jones's Bridge, a two-span steel wagon bridge, 6 miles from Greeqevxlle. The
banks are steep and high: the left bank is never overflowed, and the right only by the highest floods.
The current is even and fairly swift, The bottom is of smooth rock and small rounded stones.
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Vertical velocity measurements in 1903 on rivers in Virginia, etc.—Continued.

NOLICHUCKY RIVER, GREENEVILLE, TENN.—Continued.

. Depth of
E Velocity in feet per second by fol- C‘f‘fgmetnj éfg;lf' thread .
3 lowing methods: etonlt of mean g
- 20 velocity. | £
g 2
s 18 : o o . ; |8 e . y s
Date. | = .::»g ® e E 2g g g.|2 g 5 ,;3 E
& . .
CBE <% lsd |98 | es | v |eg|vE | s | L |84 &
SE |4 |88 |ES|BE (2| E |88 B2 E [ 8 gk &
28 | BB |87 |27 |28 2 |27 |88 2| 2|57 4
& | A A b S = o= | o |2 (o3| 5 | & |8 o
July 1]0.61] 160 | 2.5|2.143 | 1.070 | 1.110 | 1.160 { 1.370 | 1.17 | 1.12 58.0 B.
220 4.411.8261....... 0 | .670 | 1.200 08 | 1.24 62.0 B.
250 | 4.3 ]1.138 |....... 1.240 | .970 | 1.400 92§ 1.17 65.0 B.
May 7|1.48 80| 2.91{1.6201....... 1.610 | 1.610 { 1.790 ; 1.01 | 1.01 59.0 B.
100 | 3.1 | 2.680 | 2.640 | 2.720 | 2.640 | 3.150 98 | 1.02 61.0 B.
120 | 3.2 2. .97 61.0 | B.
140 | 3.3 .99 66.0 B.
160 | 3.4 1.03 57.0 | B.
180 | 4.5 .99 540 | B.
220 | 4.7 .96 50.0 B.
240 | b1 1.05 56.0 B.
270 | 4.6 1.13 60.0 | B.
290 | 4.9 1.04 b6.0 B.
Mean ...l oo oiiiii e P O 1.02 | 1.02 80 |...... 59.1
FRENCH BROAD RIVER,« OLDTOWN (NEWPORT). TENN.
Oct. 1411.31| 270 | 7.3 0,804 |....._. 0.890 | 0.900 | 1.110 | 1.00 | 0.99 | 0.81 | 4.34 | b9.H S.
300 | B3| .787|....... L780 | .760 | .950 | 1.01 { L.O4 | .83[3.13|59.0 | 8.
410 | 6.4 | 742 |....... .750 | .690 | .860 | .99 | 1.08| .86 |38.27 | 60.5| 8.
440 | 4.2 527 | 0.550 | .520 | .570 | .690{1.01| .92| .76 |2.50 | 59.5| 8.
June 30 | 2.29 40 | 5.3 {1.233 ] 1.340 | 1.240 | 1.110 | 1.340 .99 | 111 .92 13.19 | 60.2 S.
140 [ 5.3 [ 2.116 | 2.260 | 2.190 | 1.920 | 2.360 | .97 {1.10 | .90 | 3.52 | 66.5 | 8.
205 | 6.2 ]2.178 {....... 2.170 | 2.060 | 2.590 | 1.00 | 1.06 | .81 | 3.69 | 59.5 | 8.
280 | 8.0]1.933 [....... 2.000 | 1.570 | 1.930 | .97 | 1.23 | 1.00 | 5.20 | 65.0 | 8.
420 | 6.0 | 1.842 ... 1.880 | 1.740 | 2.130 | .98 | 1.06 | .86 | 3.87 | 64.5 S.
Mean.|......|......|- RN P RS RN (R (R .99 | 1.07 86 |...... 61.6
PIGEON RIVER,>» NEWPORT, TENN.
Nov. 20 | 1.10 90 | 4.410.827 | 0.810 | 0.820 | 0.800 | 0.950 | 1.01 | 1.03 | 0.87 | 2.77 | 63.0 | S.
June 30 | 1.51 30 6.9 823 |....... 730 860 961 1.13| .96 |4.31 | 62.5| M.
40 | 11.6 | .847 | .780 o . 650 910 { 1.00 | 1.30 | .93 |7.02|60.5| M.
60 (10,111,142 ,940 1,130 .990)1.3201.01L [ 1.15] .87 )5.96;59.0| M.
B €C7:5 + R VRN PRURN PRSORRIDN PRIPPDN IS PN BRI PN 99| 115 9 |...... 61.2
TUCKASEGEE RIVER,c BRYSON, N. C.
Oct. 9|1.16 30| 6.7 0.89 [ 0.67 4 3.53 | 62.0 | M.
40 | 5.6 1.05 [ 1.09 | 3.92 | 70.0 | M.
60| 4.6 1.00 | .82 |2.76|60.0 ] M.
June 26 }1 70 { 20| 3.5 1.00 | .77 |2.20 | 63.0 | M.
June 27 |/~ 251 6.1 .94 .76 |3.22|62.0| M.
30y 6.0 1.10 | .99 |4.32|72.0 | M.
35| 6.3 1.05| .91 )4.47 7101 M.
40 6.0} 1. . . . . 1.15 | 1.15 | 4.63 | 76.5 | M.
45| 6.1 11,089 |...._.. 1.150 | .850 [ .950{ .90 |1.221.09|4.568 7.0 M.
60 | 6.3 11.010|.......| 1.020| .960 (1.100{ .99 |1.05| .92 |3.94| €2.5| M.
55| 6.4]1.198 |....... 1.186 | 1.170 | 1.830 | 1.00 | 1.02 | .90 | 4.00 | 62.5 ] M.

aThis station is on the Oldtown steel wagon bridge, 8 miles from Newport, Tenn. The banks are
high and not overflowed. The current is regular. The bottom is of fine sand and shifts slightly.
This station is on the wagon bridge, 1 mile east of Newport. The section is bad, being deep, with
shallow water above and below. The bottom is mud, changing constantly. The current is sluggish.
¢This station is on the highway bridge in the town of Bryson. The bottom is soft, and changes
slightly. But for one old pier, the section is very smooth. The current is of fair velocity, except
near right bank, where it is quite sluggish at low water. There is a decided pulse in current.
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Vertical velocity measurements in 1908 on rivers in Virginia, etc.—Continued.

TUCKASEGEE RIVER, BRYSON, N. C.—Continued. .
= . Depth of
1
b= Velocity in feet per second by fol- (zlo];a(iziiime:lotlfg:;g— thread .
a2 lowing methods: vlgocit of mean g
20 velocity. %
= 2
. )= ; ) g o . &, g Q. &, w
bwe | 2S5\ B |3 |E 185\ E|E [B34)E| |Z |
3 | ~2 |32 |82 [SE| B |9 [T % c |82 8
< | g 4 |85 | B8 |85 B2 | & |28 |82 | B | 8 |a%| &
EREA AL AN T IR AR R O
S | A A= S =3 o= | & |s || 2 |4 |4 &}
June 27 60| 5.8 |1.501 1.660 | 0.92 | 1.15 | 0.96 | 4.20 | 72.5 | M.
65| 5.6 |1.611 1.760 | .94 [1.13| .92 |3.95 [ 70.5 | M.
70| 5.3 [ 1,684 2,040 | 1,01 | 1,04 | .83 |3.07|58.0] M.
75| 4.9 |1.836 2.080 | .01 | 1.04 | .88 |2.82|57.5| M.
80| 4.3 1902 2.020 | .98|1.09| .04!2.80 650! M.
8| 4.0/ 1670 2.040 | 1,011 .99 | .82|2.34|58.5| M.
90 | 4.0 | 1.828 2.130 | 1.00 | 1.03 | .86 | 2.40 | 60.0 | M.
9 | 4.6 |1.615 1550 (100 | .99 | .89 |2.40(60.0| M.
| 10| 451873 2320 | 99 | 1705 | (81 |2.79 | 62.0| M.
105 | 4.6 | 1.850 2.000 | .00 | .97 | .92 |2.76 | 60.0| M.
10 | 4.9 2 044 2.280 | 1.00 | 1.04 | .90 | 2.94 | 60.0 | M.
15| 55| 1743 1.950 | .96 |1.10 | .89 |3.58 | 65.0 | M.
120 | 5.0 | 1.826 2.080 | .98 1.16 | .88 |3.12162.5| M.
130 | 5.5 | 1.678 2930 | 102 (107 | .75 (3.14 {57.0 | M.
Apr. 25 [2.70| 30| 6.8 2.040 1970 | .97 |1.17 | 1.0t {1:5g P }M.
4| 6.9 1970 1.970 | 1.00 | 1.10 | 1.00 | 4.14 | 60.0 | M.
5 | 7.1]1. L6 | 04| 122|106 | 4.34 | 67.0| M.
; 220 | 170
60 1760 | .90 | 1.23 | 1.26 53 73'3}]“.
70 2.60 | .90 |1.32 | 1.10 {331 4.3 }M
80 3.600 | .98 |1.10 | .94|4.88|62.5| M.
100 3.460 | .99 |1.13 | .92 | 5.27 | 62.0| M.
110 2,980 | .98 | 1.14 | 1.01 | 5.06 | 61.0 | M.
130 3.400 | 1.00 | 1.12 | .90 | 8.71 | 58.0 | M.
150 2,780 | .98 | 1.14 | 1.02 | 5.97 | 63.0 | M.
170 1420 .95|1.21|1.01|4.16 | 65.0{ M,
Mean.| | 97| 1.09| .93 ]...... 64.2
LITTLE TENNESSEE RIVER,« JUDSON, N. C.
Apr. 27 | 4.25 | 580 | 4.2 5.700 | 4.950 | 6.770 | 0.94 | 1.09 | 0.78 | 2.81 | 67.0 | B.
595 | 3.6 5.950 | 6.200 | 7.330 | 1.03 | .99 | .83 | 1.98 | 55.0 | B.
615 | 4.0 7.500 | 7.210 | 8,210 | .99 | 1.03 | .91 | 2.48 | 62.0 | B.
637 | 5.0 7.900 | 6.450 | 8.270 | .92 | 1.12 | .85 | 3.35 | 67.0 | B.
645 | 6.0 4,500 | 4.690 | 8.470 | 1.34 | 1.28 | .71 |3.18 | 58.0 | B.
June 28 | 3.56 | 520 | 2.7 3,700 5. To4|102| 771155 |57.5| B
: 530 | 3.8 5.150 5.790 |. 1.00| 90213 |56.0| B.
5% | 3.4 4,800 5. 027 102| .87|1.92]56.5| B.
59 | 3.3 5.260 6. 99| ‘86|17 |530]| B
605 | 3.9 2,530 . 1.03| [91|236|60.5| B.
645 | 8.7 4,900 108| .75 ]2.15 5680/ B
Mean.| _...|...... { ......................................... 1.031.06| .83 |..... 58.7

Welch (flag station) or Judson P. O., N. C. The current is steady and swift; the bottom is of bpwl-
ders, from 3 inches to about 18 inches in diameter, and does not change. High floods overflow| the
thickly wooded left bank, but probably a very small part of the current passes through. The right
bank is steep and high. .

aThis station is on the wooden bridge of the Southern Railway, about one-third of a mile ﬁom
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Vertical velocity measurements in 1903 on rivers in Virginia, etc.—Continued.

SUMMARY.

Coefficient for reducing to mean | Pper cent

velocity the velocities observed | of depth

Num- at following points: at which

River and station. ber of s 1 thread of

curves. g 'op an: mean
Sigetealths bottom Top. | velocity is

PW. | (méan of). . found.

Appomattox, Mattoax, V& ................... 8 1.00 1.11 0. 81 61.5
James, Cartersville, Va R 6 1.01 1.08 .88 59,6
Roanoke, Roanoke, Va 8! .99 1.01 .81 60.9
Staunton, Randolph, V. 20 .96 1.12 .95 65.7
Dan, Madison, N. C ... 42 .99 1.01 .86 61.6
Dan, South Boston, Va.. 13 .98 1.09 .90 63.6
Reddie, North Wilkesboro, N. C.. 3 1.02 .97 .83 57.7
Yadkin, North Wilkesboro, N. C.... ... 33 .96 1.12 .91 66.5
Yadkin, Salisbury, N. C ...._......... - 10 1.02 1.06 .81 59.2
Catawba, Morganton, N. C ... .e-- 39 1.00 1.04 .82 60.6
Catawba, Mount Holly, N.C.....:.... - 2 1.00 1.08 .88 58.5
Catawba, Belmont, N. C.............. - 1 1.01 1.056 .80 59.0
Wateree, Camden, 8. C._............. 4 1.01 1.13 .90 58.4
Broad, Alston, 8. C...... eenn - 4 .96 1.22 .89 65.4
Saluda, Waterloo, 8. C ....... 3 .97 1.03 .82 62.2
Watauga, Elizabethton, Tenn.... 10 .98 1.07 .82 61.4
South Fork Holston, Bluff City, T 13 1.02 1.05 .80 61.6
Nolichucky, Greeneville, Tenn .. 22 102 1.02 .80 59.1
French Broad, Oldtown, Tenn... 9 .99 1.07 .86 61.6
Pigeon, Newport, Tenn .......... 4 .99 1.15 .91 61.2
Tuckasegee, Bryson City, N.C..... J. 36 .97 1.09 .93 64,2
Little Tennessee, Judson, N. C............... 11 1.03 1.06 .83 58.7
For all the above curves ............... 301 1.00 1.07 86 61.3

MEASUREMENTS ON STREAMS IN THE CATSKILL MOUNTAINS.

The results in the following tables were deduced from 378 measure-
ments, taken in the Catskill Mountains in 1902-3,¢ at the time of regu-
lar gagings of the rivers, and with the same degree of accuracy with
which the current-meter measurements were made. A small Price
current meter was used, being held so that velocities were obtained
at various points in regular order vertically, usually at intervals of
from one-half to 1 foot. The meter in most cases hung freely in the
water, but where the current was swift and tended to swing it out of
the vertical, it was lowered from the downstream side of the bridge
and stayed by means of a wire from the upstream side, being thus
kept in the vertical plane.

The meter was held fifty seconds at each point to determine the
veloeity, and in each case the first reading was checked by a second.
The results were plotted upon cross-section paper, the depths as ordi-
nates and the velocities as abscissas, and a smooth curve drawn through
the points. The mean velocity was then obtained by taking 10 veloci-
ties from the curve at distances of one-tenth the total depth apart and
dividing their sum by ten. The velocities were taken at points 0.05,
0.15, 0.25, etc.—0.95 of the total depth on the curve.

A study of the tables for each river will explain itself. The first
colunin gives the date on which the observations were made; the second,

aResults previous to this time are found in Water Sup. and Irr, Paper No. 76, U. 8. Geol. Survey, 1903.
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the gage height at time of gaging; the third, the distance from the
initial point (this being permanently marked on the bridge); the fourth,
the depth of water at the imeasuring point; the fifth, the mean velocity
in feet per second as obtained from the vertical velocity curves as
previously shown; the sixth, the velocities at % depth as scaled from
the velocity curves; the seventh, the velocities at about 0.5 foot below
the surface; the eighth and the ninth, the coeflicients to be applied to
the velocity columns marked ‘¢ Six-tenths,” and ¢“Top,” respectively,
to reduce them to mean velocity; the tenth, the depth of thread of
mean velocity in per cent of total depth as measured from the surface
of the water; the last, the character of the bed of the stream at the
point of observation. \

The summary explains itself. It shows that the mean velocity of
378 determinations is found practically at a depth of 0.60 of the total
depth, and that the velocity at this depth is well within a permissible
error, whether obtained from the curve or from actual observation.

It appears from a study of these vertical velocity curves (1) that a
rough bed causes a drag at the lower end of the vertical velocity curve
and tends to raise the point of mean velocity in the section, so that a
measurement at 0.6 depth would be too small; (2) that, vice versa, a
smooth bed tends to make the measurement at 0.60 depth too large; (3)
that the depth of a river has'a marked effect on the point of mean
velocity, this point in a shallow river approaching 0.55 depth, and in
a deeper one approaching 0.65 depth; (4) that in general the error
in using the 0.60-depth method is well within the limit of accuracy
in stream-gaging work.

In the following tables G indicates gravel; S, sand or silt; R, smooth
rock; B, bowlders; *that the actual {f-measured velocity coincides
with that taken from the curve.

Vertical velocity measurements on rivers in the Caiskill Mountains.

CATSKILL CREEK, SOUTH CAIRO, N. Y.

Velocity in feet per |Coeflicients for| Depth
second by following | reducing to of
Dis- [Depth| methods: mean veloeity: | thread |,
tance| at of mean|Charac-
Gage s | ter of

Date. height, from | meas- veloei- bed of

E5% initial| uring | Verti- | Six- ty (in | R0 o

point. | point. | eal ve- ténths. Top. tenths. Top. |percent -

locity. of
depth).

Feet. | Feet. | Feet., Feet. .
September 5, 1902.... 2.79| 50.0 2.1 0.27 0.26 0.32 1.04 0.84 55.0 G.
August 27, 1902.. ... 2.74 | 3L5 2.2 *, 56 *.56 .62 1.00 .90 60.0 R.
September 5, 1902.... 2.79 | 31.5 2.3 .63 .62 .72 1.02 .87 55.0 R.
August 27, 1902 2.74 | 29.0 2.5 .45 *.40 .62 1.12 .78 48.0 B.
September B, 160z 42791 29.0 2.5 53 .52 .69 1.02 W77 60.0 B.
.......... 2.7 1 25.0 2.6 .34 .31 .43 1.09 .19 55.0 B.
August 27,1902....... 2.74 | 25.0 2.7 .30 *, 30 .37 1.00 81 60.0 B.
September 22, 1902 ... 3.32 | 50.0 2.7 .72 .65 .94 1.11 77 50.0 G.
August 13, 1902.. .00 3.49 | 50.0 2.9 .80 *75 1.02 1.07 .78 52.0 G.

.......... 3.49 ( 380.0 2.9 .99 1.00 1.17 .99 .86 60.0 [SmallB.
August 12,1903.. ... 2,99 | 50.0 3.0 .77 .75 .92 1.03 .84 57.0 R.
August 27, 1902 2.74 [ 45.0 3.2 .40 .40 .41 1.00 .97 60.0 R.

September 22,1902...] 3.321 26.0 3.2 .83 .83 .88 1.00 .94 60.0 [SmallB
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Vertical velocity measurements on rivers in the Catskill Mountains—Continued.

CATSKILL CREEK, SOUTH CAIRO, N. Y.—Continued.

Velocity in feet per | Coefficients for| pepth
second by following | reducing to of
Dis- |Depth methods; mean velocity: | thread
Gage | tANCE | at of mean|Charac-
Date. hei | from | meas- veloci- | ter of
18081 initial] uring | Verti- { Six- Six- ty (in | bed of
point. | point. izalig& tenths, Top. tenths. Top. percfent stream.
ocity. g i o
v _ |depth).
Feet. | Feet. | Ieet. Feet.
August 13, 1902._..... 3.49 | 25,0 3.3 0.83 0.84 1.03 0.99 0.81 60.0 {SmallB.
Septemberb, 1902 ... 2.79 | 45.0 3.3 .51 .50 .54 1.02 .94 60.0 R.
October 10, 1902 ...... 3.96 | 30.0 3.4 1.08 1.10 1.26 .98 .86 61.0 R.
August 27,1902....... 2,74 | 40.0 3.5 .65 .65 .72 1.00 .90 60.0 R.
September 5, 1902 .... 2,79 | 40.0 3.6 72 .70 .81 1.03 .89 56.0 R.
September 12,1903 ... 2.99 | 45.0 3.6 .81 .80 .97 1.01 .83 59.0 R.
Do.een il 2.99 | 40.0 3.7 .78 L7 .85 1.01 92 58.0 G.
October 10, 1902 ...... 3.96 | 60.0 3.8 1.08 1.08 1.42 1.00 .76 60.0 G.
August 27,1902, ... 2,74 | 35.0 3.9 43 * 43 .63 1.00 .68 60.0 R.
October 10, 1902...... 3.96 | 55.0 3.9 1.12 1.08 1.46 1.08 N 57.0 G.
ﬁpl’il 11, 1902 6.86 | 90.0 4.0 3.91 3.90 4.47 1.00 .87 60.0 G.
3.47 1 45.0 4.0 .95 293 1.22 1.02 .78 68.0 R.
3.49 | 45.0 4.0 1.00 .93 1.26 1.08 .79 50.0 R.
3.32 | 45.0 4.0 .03 .85 1L.156 1.10 .81 50.0 R.
3.96 | 25.0 4.0 .83 * 80 1.08 1.03 Ny 55,0 B.
3.96 | 50.0 4.1 1.18 1.17 1.42 1.01 .83 59.0 G.
3.31 | 40.0 4.1 1.00 .98 1.16 1.02 .86 59.0 G.
3.36 | 40.0 4.2 1.09 1.09 1.23 1.00 .89 60.0 R.
3.49 | 40.0 4.2 1.17 1.14 1.32 1.02 .89 52.0 R.
September 5, 1902.... 2.79 | 85.0 4.2 .53 .53 .72 1.00 .74 60.0 R.
September 22,1902 ... 8.32 | 40.0 4.2 1.14 1.12 1.29 1.02 .88 56.0 R.
August 12,1903.......] 2.99( 85.0 4.2 .45 .42 .66 1.07 .68 55.0 G.
April 11,1902......... 6.86 | 70.0 4.6 3.76 3.87 4.42 .97 .85 63.0 G.
May 10,1902.......... 3.47 | 35.0 4.6 .93 .90 1,27 1.03 .73 59.0 R.
October 10,1902 ...... 3.96 | 45.0 4.6 1.19 1.17 1.41 1.02 .84 57.0 R.
September 22, 1902...] 3.82 | 35.0 4.7 .92 .90 1.15 1.02 .80 59.0 R.
April 22,1902......... 4,06 | 40.0 4.8 1.79 1.74 2.07 1.03 .86 58.0 R.
August 13, 1902....... 3.49 | 35.0 4.9 .99 .00 1.27 .99 .78 60.0 R.
October 10, 1902 .._._. 3.96 | 40.0 4.9 1.14 1.14 |+ 1.34 1.00 .85 60.0 R.
August 2,1902........ .36 | 30.0 b.2 2.49 2.45 3.00 1.02 .83 67.0 R.
October 10, 1902 . ... 3.96 | 35.0 b.4 .98 .98 1.21 1.00 .81 60.0 R.
August 2, 1902........ 5.86 | 40.0 6.1 3.09 | *3.20 3.24 .96 .95 67.0 R.
April 11, 1902......... 6.86 | 380.0 6.6 3.08 2.98 3.64 1.03 .86 55. 0 G.
DO.eviriinnnnnnns 6.86 | 50.0 7.0 3.56 3.656 4.12 .97 .86 64.0 R.
U C57:3 | NN (RPN RN PRI PPN RO R 1.02 .83 |  B7.7
DELAWARE RIVER (EAST BRANCH), HANCOCK, N. Y.
May 29,1903.......... 2.72 320 2.1 0.92 0.91 1.201 1.01 0.77 60 B.
Do ... caaalll 2.72 230 2.4 .75 .70 1.02| 1.07 .74 57 G.
DO ceniiiaaanans 2,72 240 2.5 1.06 1.04 1.22| 1.01L .86 60 B.
September 1, 1903 ... 4.96 90 3.0 3.23 3.14 4,04 1.03 .80 58 G.
Do.......... ceees} 496 320 4.4 3.65 3.58 4.51 | 1.02 .81 59 B.
DO ceeviviniananns 4.96 240 4.8 4.12 4.13 4.46 | 1.00 .92 60 B.
Mean ....oooovliinniene]iimian]emmcand]ieei e e 1.028 .816 59
DELAWARE RIVER (WEST BRANCH), HANCOCK, N. Y.
July 21,1903.......... 3.10 140 1.7 1.67 1.60 2,06 | 1.04 0.82 69 G.
DO oo 3.10 160 19 2.06 2.00 2,451 1.08 .84 58 G.
. 2.0 1.93 2.00 2.25 .96 .86 62 G.
2.2 2.40 2.30 3.07 | 1.04 .78 59 G.
2.5 2.78 2.74 2,90 | 1.01 .95 58 G.
3.1 3.10 3.00 3.90 1 1.03 .80 55 G.
3.2 3.07 3.06| - 8.78| 101 .81 60 G.
3.9 3.80 3.65 4.74 | 1.04 .80 56 G.
3.9 4.26 4.2b 5.17 | 1.00 .82 60 G.
3.9 3.82 3.68 4.70 | 1.04 .81 55 G.
4.1 4.67 4.60 5.40 | 1.01 .86 56 G.
4.2 4.45 4.40 5.82| L01 .83 59 G.
............................... 1.018 .831L 58
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Vertical velocity measurements on rivers in the Catskill Mouniains—Continued.

ESOPUS CREEK, KINGSTON, N. Y.,

Velocity in feet per | Coefficients for| Depth
second by follow?ng reducing to 0‘;
Dis- |Depth| methods: mean velocity: | thread “hi
Gage | t8nce| at of mean gtea;rgfc-
Date. haiobt | from |meas- velgei- | MR 0%
8% initial | uring | Verti- | o Six- ty (in | Foc o
point. | point. | cal ve-| 5o | Top. tenths,| TOP. [percent *
locity. g g of
depth).
Feet, | Feet. | Feet. ' . Feet:
August 21, 1902....... 4.9 40 1.9 0.74 | *0.72 0.82 | 1.03 0.90 5.0 B.
July 22,1908 ......... 5.17 36 2.1 .96 .95 1.18 | 1.00 82 60.0 B.
May24,1902......._.. 5.02 40 2.2 .79 *.76 1031 1.04 77 58.0 B.
Do......o....... 5.02 70 2.4 1.06 1.06 1.32 1 1.00 .80 60.0 B.
July 22,1903 ......... 5.17 40 2.6 1.04 1.01 1,16 | 1,03 .90 57.0 B.
Do, 5.17 70 2.6 1.33 1.33 1517 1.00 .88 ,60.0 B.
September 23,1902...f 5.87 60 2.9 1.59 1.52 2,03 | 1.056 .78 56.0 B.
July9,1902 ... __.. b.81 40 3.0 1.29 1.29 1.60 | 1.00 .86 60.0 B.
August 24,1903....... 5.72 40 3.0 1.37 1.34 1.58 | 1.02 .87 59,0 B.
September 23,1902...| 5.87| 40| 31| 1.19| 119! 1.45] 1.00 | .82 | 600] B.
3.2
3.4 -
August 21, 1902....... 4.94 75 3.5 .99 | *1.02 1.18 .97 .84 60.0 B.
June 6,1902....._.... 4.48 75 3.6 .66 .64 .86 1 1.00 .76 60.0 B.
August 12, 1902.._.... 6.28 40 3.6 1.48 | *1.42 1.77 | 1.04 .84 55.0 B.
September 4, 1902 .../ 4.49 75 3.7 .66 *, 60 911 1,10 .73 53.0 B.
July16,1902......_... 5.13 75 4.1 1.12 1.11 141} 1.00 .80 60.0 B.
July 22, 1903. 5.17 75 4.1 1.16 1.15 142 1.00 .82 60.0 B.
May 24, 1902, 5.02 100 4.4 .73 *78 .86 .93 .85 66.0 S.
July 22, 1903. 5.17 100 4.6 1.21 1.20 1.34 | 1.00 .90 60.0 S.
July 30, 1902..... .| 7.6b 60 4.8 2.37 | *2.36 2,98 | 1.00 .80 60.0 B.
September 4, 1903 .. .. 7.66 40 4.9 2.63 2.74 2.99 .96 .88. 65.0 B.
May 14,1902, __....... 5.83 100 5.0 1.19 1.24 1,29 .96 .92 67.0 S.
August 12, 1902....... 6.28 75 5.0 1.67 1.64 2.16 | 1.02 .78 59.0 B.
June 26,1902 ......... 4,98 80 b.2 1.09 1.08 1.22 ] 1.00 .90 60.0 B.
July 24,1902.......... 8.11 60 5.2 2,71 | *2.71 3.07| 1.00 .89 60.0 B.
August 21, 1902....... 4.94 85 5.2 .96 .97 1.03 .99 .93 61.0 3.
May 24,1902.......... 5.02 80 5.4 1.01 ] #.00 116} 1.00 .87 60.0 B.
September4,1902._...| 4.49 85 5.4 .4 *,74 .84 | 1.00 .88 60.0 S.
July22,1903.......... 5.17 80 5.4 1.24 1.23 1.441 1.00 .86 60.0 B.
August 24,1903 ....... 5.72 80 5.4 1.47 1.47 1.72| 1,00 .85 60.0 B.
July 22,1903.......... 5.17 85 5.5 1.17 1.18 1.30 .99 .90 61.0 B.
September23,1902....| 5.87 80 b.6 1.56 | *1.55 1.74 | 1.00 .90 60.0 B.
July 22,1903.......... 5.17 95 5.7 1.16 1.13 1.837 | 1.03 .85 58.0 S.
June 16,1902 ......... 4.48 90 5.8 .70 .69 .80 | 1.00 .87 60.0 S.
May 14,1902..._...... 5,83 80 6.0 1.88 1 *1.40 1.59 .99 .87 62.0 S.
October 4,1902 ....... 9.82 60 6.1 2.83 2.85 3.02 .99 .94 61.0 B.
August 21,1902....... 4.94 90 6.2 .89 .87 1.06 |- 1.02 .84 59.0 8.
July 22,1903.......... 5.17 90 6.2 1.12 1.05 1.4 1.07 .78 55.0 S.
July 16,1902, ......... 5.13 90 6.3 1.07 | *1.02 1.23 | 1.05 .87 58.0 S.
August 12,1902....... 6.28 85 6.3 1.71 | *L.71 L71| 1.00 1.00 60.0 S.
Qctober 4,1902 ....... 9.82 40 6.3 3.12 3.23 3.16 .97 .99 66.0 B.
May 24,1902 .. 5.02 90 6.4 .90 *, 89 1.10| 1.00 .82 60.0 S.
April 10,1902 13.87 15 6.8 5.04 | *5.12 5.16 .98 97 70.0 B.
May 14,1902 _ 5.83 90 7.2 1.22 | *1.22 1.38 | 1.00 .88 60.0 S.
July 9,1902........ 5.81 90 7.2 1.30 ] #1.28 150 | 1.00 .86 60.0 S.
September4,1903..... 7.66 90 7.6 2,28 2,23 2,67 1.02 .83 59.0 8.
April 10,1902 ......... 18.387 20 7.8 4.89 5.07 b.12 97 .95 74.0 B.
‘ S8 [
October 4,1902 ....... 9.32 80 9.0 2,75 2.77 2.80 .98 .98 65.0 B.
April 10,1902......... 13.37 30 gg 4.94 5.11 5.18 .97 .95 75.0 B.
April 10,1902 ._.._.... 18.37 50 | 10.2 4.56 4.75 4.83 .96 .94 70.0 B.
DO weeniiinan. 13.37 60 | 10.5 4.48 4.71 4.66 .95 .96 76.0 B.
Dot 13.37 40 [ 110 4.70 4.90 4.97 .96 .94 70.0 B.
DO e, 13.37 70 | 11.0 4.34 4.55 4,40 .96 .98 7.0 B.
Do.oooeiiiii.. 13.37 100 | 18,0 |eeecueefocnncnac]ennraceafomaarane]ovmcaaa|oneacnnns
Do .ot 13.37 80| 14.0 4.09 4.25 4.12 .96 .99 69.0 | B,,S.
B (1 « RIS PR PR S RPN I PSS . 999 .876 6L.7
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Vertical velocity measurements on vrivers in the Catskill Mountains—Continued.

ESOPUS CREEK, OLIVEBRIDGE, N. Y.

Velocitg in feet per | Coefficientsfor | Depth
second by following | reducing to of
Dis- |Depth| methods: mean velocity: | thread
tance| at of mean Cth a.m?-
Date. h(giagtft from | meas- veloci- beel;i %f
% initial| uring | Verti- | o “Six- ty (in | bec O
point. | point. izal ve- | Sihs. | TOP- |tenths, | Top- [PET gfent *
ocity. , depth).
Feet. | Feet. | Feet. Feet.
1.70 25 0.9 1.59 1.60 1.54 1 0.99 1.04 61.0 R.
1.70 30 1.0 1.74 1.77 1.84 .98 .95 62.0 R.
1.60 160 1.2 .50 .48 .61 1.04 .82 57.0 R.
1.60 90 1.3 1.01 1.00 1.09| 1.01 .92 60.0 R.
1.70 160 1.3 .51 .51 .54 | 1.00 94 60.0 R.
1.81 70 1.3 2.59 2.53 2,86 | 1.02 .91 54.0 R.
1.81 80 1.3 3.18 3.15 3.33| 1.01 .96 56.0 R.
1.10 40 1.4 1.36 1.34 1.58 | 1.01 .86 57.0 G.
1,60 130 1.4 .72 .72 .78 | 1.00 .81 60,0 R.
2. 14 160 1.5 .98 .94 1.13 | 1.04 .87 55.0 R.
2.14 70 1.6 2,70 2,74 2.86 .99 .94 60.0 R.
2,14 165 1.6 .99 .96 1.11 ] 1.03 .90 55,0 R.
1.92 130 1.6 1.49 1.42 1.68 [ 1.05 .90 57.0. R.
July 9,1903..... 1.60 35 1.6 1.62 1.60 1.76 | 1.01 .93 59.0 G.
August 11, 1903.. 1.70 130 1.6 1.17 1156 1.22 | LO2 .95 59.0 R.
August 14, 1903. .. 1.62 35 1.6 1.41 1.35 1.66 | 1.04 .85 56.0 G.
2.14 80 1.7 3.02 3.04 3.09 .99 .97 61.0 R.
1.60 50 1.7 1.69 1.70 1.79 .99 .95 60.0 R.
1.60 60 1.7 1.34 1.25 1.62 | 1.07 .82 56.0 R.
1.60 12 1.8 .53 .62 .75 102 .70 59.0 R.
1.80 150 1.8 .42 .41 b4 103 .78 60.0 R.
1.70 35 1.8 1.65 1.65 1.89| 1.00 .87 60.0 G.
1.70 60 1.8 1.76 1.74 1.91 | 1.01 .93 57.0 R.
1.70 90 1.8 1.63 1.60 1,81 1.02 .90 59.0 R.
1.81 55 1.8 1.86 1.83 2,13 | 1.02 .87 58.0 R.
2.14 130 1.9 1.98 1.96 2,13 | 1.01 .93 55.0 R.
1.70 50 1.9 1.73 1.75 1.93 .99 .90 60.0 R.
1.81 35 1.9 1.61 1.65 2.08 .98 .78 61.0 G.
1.60 40 2.0 1.46 1.46 1.56 | 1.01 .94 60.0 G.
1.60 140 2.0 .48 .50 .51 .96 .94 61.0 R.
August 11, 1903. 1.70 150 2.0 .68 .69 .71 .98 .96 61.0 R.
August 14, 1903. .. 1.62 40 2.0 1.47 1.45 1.63 | 101 .90 59.0 G.
September 2, 1403 .. 2.74 30 2.0 3.53 3.563 3.61 | 1.00 .97 60.0 R.
2.14 36 2.1 2.32 2.25 2.67 | 103 .87 55.0 G.
1.60 45 2.1 1.62 1.57 1.86 | 1.03 .87 57.0 R.
1.70 140 2.1 .90 .86 1.11| 105 .82 53.0 R.
1.62 140 2.1 .65 .63 .80 1 1.03 .81 57.0 R.
September 2, 1903 2,74 80 2.1 4.47 4.4 4.79 [ 1.01 .94 57.0 R.
September &, 1903 1.81 50 2.1 1.9 1.92 2.17{ 1.00 .90 60.0 R.
August 11, 1903. .. 1.70 40 2.2 1.61 1.57 1.79 | 1.02 .90 56.0 G.
August 14, 1903. .. 1.62 45 2.2 1.60 1.55 1.81| 1.03 .87 55.0 R.
September &, 1903 1.81 40 2.2 1.27 1.30 1.63 .98 .80 62.0 G.
July 2,1908....... 2.14 60 2.3 2,73 2.62 3.09 | 1.04 .88 56.0 R.
Do....... 2.14 120 2.3 1.30 1.27 1,61 | 1.02 .80 56.0 R.
Do....... 2.14 150 2.3 1.36 1.33 1.49 | 1.01 .91 56.0 R.
July 4,1903....... 1.92 140 2.3 1.15 1.10 1.32 | 1.04 .88 52.0 R.
Se?tember 8§, 1903 1.81 140 2.3 1.13 1.10 1.32 | 1.03 485 54,0 R.
July 2,1908....... 2,14 40 2.4 2.09 2.05 2.62 | 1.02 .83 57.0 G.
July 4, 1908. .. 1.92 50 2.4 2,056 2.00 2,27 1.02 .90 57.0 R.
August 11, 1903. 1.70 45 2.4 1.63 1.62 172 1.00 .94 60.0 R.
September &, 19 1.81 45 2.4 1.85 1.85 2,05 1.00 .90 60.0 R.
July 2, 1903. 2.14 140 2.5 1.58 1.53 1.86 | 1.03 .86 52.0 R.
Do..... . 2.14 50 2.6 2.50 2.46 2,74 | 1.02 .91 58.0 R.
September 2, 1903 2.74 90 2.6 4.09 4.10 4.41 | 1.00 .93 60.0 R.
Do........... 2,74 130 2.6 2,77 2,76 3.04 | 1.00 .91 59.0 R.
July 2,1903 ...... 2.14 100 2.9 2.00 1.98 2.08( 101 .96 55.0 R.
September 2, 1903 2.74 150 2.9 3.02 3.03 3.31| 1.00 .91 60.0 R.
June 17, 1903 2,67 50 3.0 4.16 4.13 4.46 | 1.01 .93 55,0 R.
September 2, 1903 2.74 35 3.0 3.91 3.89 4.39 | 1L.01 .89 59.0 G.
3 T R 2.74 50 3.0 4.25 4.22 4,41} 1.01 97 556.0 R.
Do......... 2,74 140 3.1 2.71 2.59 3.61| 1.05 .7 54.0 R.
Do......... 2,74 40 3.2 3.74 3.69 4.27 | 1.02 .88 57.0 G.
June 13, 1903..... 3.08 150 3.3 4.06 4.02 4,87 1l.01 .93 56.0 R.
October 11, 1903.. 4,05 30 3.4 4.39 4.30 4,921 1.02 .89 54.0 R.
DO.oocrannnns 4,056 100 4.8 4.68 4,65 5.10 | 1.01 .91 57.0 R.
October 10, 1903 5.80 30 5.1 5. 86 5.95 5.96 .98 .98 65.0 R.
Do......... 6.06 35 5.1 6.16 6.12 7.06 | 1.01 .87 59.0 G.
DO ceviiinaannnas 5.80 165 5.2 7.62 7.67 7.97 .99 .95 62.0 R.
Mean ..........feeeee.. P (AR PR PR PR 1.012 . 894 67.7
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Vertical velocity measurements on rivers in the Catskill Mountains—Continued.

FISHKILL CREEK, GLENHAM, N. Y.

Velocity in feet per | Coefficientsfor | pepth
second by following | reducing to of
Dis- |Depth methods: mean velocity: | thread Charac
Gage |tance; at ofmean| ™. or
Date. heig | from | meas- - veloei- | /57 ¢
180 initial | uring | Verti- | g Six- ty (in | 22000
point. point. | cal ve- tenths. Top. tenths. Top. |percent
locity. of
- depth).
Feet. | Feet. | Feel. Feet.

August 26,1902 . 3.04 80 2.1 0.26 0.26 0.30 | 1.00 0.87 60.0 G.
Do .. 3,04 65 2.2 37 .33 52 112 .71 55,0 G.
Do.... 3.04 75 2.2 27 .25 39| 1.08 .69 5.0 Q.

July 28,1902.. 3.90 90 2.3 96 1.03 1.08 .89 .89 66.0 G.

August 26,1902 3.04 70 2.9 37 .36 49! 1.06 .76 56,0 G.

[0 IR 3.04 40 2.6 29 .29 32 1.00 .91 60.0 G.

August 11,1902. . 3.51 80 2.7 61 .56 85| 1.10 W72 50.0 G.

0 e 3.5L 65 2.8 74 .76 97 .97 .76 62.0 G.

August 26,1902 3.04 60 2.9 46 .48 56 .96 .82 65.0 G.
Do........ 3.04 56 3.0 45 .44 56 1 1,00 .80 [ - 56.0 G.

July 28,1902... 3.90 65 3.1 99 .99 1.37 | 1.00 72 60.0 G.

August 26,1902.. 3.04 45 3.3 37 .37 39| 1.00 .95 60.0 G.

July 28,1908... 3.55 40 3.3 64 .63 80| 1.00 .80 60.0 G.
Do........ 3.55 60 3.4 77 W77 90 | 1.00 .86 60.0 G.

August 26, 1902 3.04 50 3.5 38 .38 49 [ 1.00 .78 60.0 G.

July 28,1903..... 3.65 - 50 3.7 73 .70 97| 1.04 .75 56.0 G.

August 11,1902, 3.51 45 3.8 73 .70 92 LO4 .79 55.0 G.

September 5,1903 . 4.52 70 3.9 1.60 1.58 1.96 | 1.01 .82 60.0 G.

August 11,1902. . 3.51 50 4.0 77 .79 94 .98 .82 62.0 G.

July 28,1902..... .| 8.90 45 4.1 1.07 1.04 1.29} 1.03 .83 56. 0 G.

September 5,1903 ....] 4.52 60 4.4 1.66 1.67 1.81 .99 .91 62.0 G.
DO eueciniannans 4.52 50 5.0 1.75 170 2,06 | 103 .85 57.0 G.

% (- 1 R PRI DR O (AR PR R 1. 036 79 B8.7 |oeveunn
HOUSATONIC RIVER, GAYLORDSVILLE, CONN.

August5,1902........ 4.28 130 2.1 1.79 1.79 2,27 1.00 0.79 60.0 | G.,B.

July 24, 1903 .. 5.20 180 2.1 .67 .62 .99 1.08 .68 55.0 B.
Do...... 5.20 160 2.1 3.19 3.10 3.73 1,03 .85 58.0 B.
Do........ 5.20 150 2.2 3.42 3.30 ,4.08 1.03 .84 54.0 B.

August b, 1902. 4.28 120 2.5 1.30 1.27 1.64 1.02 .79 58.0 { G., B.

July 24,1903 .. 5.20 170 2.6 2,37 2.30 2.76 1.00 .86 60.0 B.

August 20, 1902. . 3.95 100, 2.7 2.04 1.97 2,42 1.03 .84 51.0 | G.,B.

September 8, 190 3.45 2.7 1.67 1.58 2.10 1.0 .80 56.0 | G.,B.

June 23, 1902.. .. 4,46 110 2.8 2,22 2,19 2.54 1.01 .87 57.0 | G.,B.

September 8, 190: 3.45 40 2.8 1.65 1.65 1.95 1.00 .85 60.0 G.

July 24, 1903 .. 5.20 140 2.8 3,41 3.38 3.90 1.01 .87 59.0 B.

August 5, 1902 4.28 3.1] a.21 2.25 2,83 .98 .78 61.0 { G.,B.

July 24, 1903 .. 5.20 130 3.1 2.72 2.54 3.82 1.07 .7 58.0 | G.,B.

June 23, 1902 .. 4.46 30 3.2 1.96 1.96 2.28 .99 .86 60.0 G.

September 19, 190: 3.5 40 3.2 1.89 1.87 2,15 1.01 .88 59.0 G.

August 20, 1902 3.9 40 3.4 2.08 2,07 2.36 1.00 .88 59.0 G.

July 24, 1903 . 5.20 120 3.6 2.74 2.76 3.61 .99 .76 60.0 | G.,B.

June 23, 1902 4.46 90 3.7 2.69 2,59 3.07 1.00 .84 60.0 | G.,B.

August 5, 1902. 4.28 40 3.7 2.11 2.03 2.54 1.04 .83 55.0 G.

July 24, 1903 .. 5.20 20 3.8 1.79 1.77 2.11 1.00 ) 60,0 G.
Do........ 6.20 110 3.8 3.03 2.86 3.85 1.06 .79 55.0 | G.,B.

June 23,1902 .. . 446 50 4.0 2.89 2,91 3.18 .99 Bt 61.0 G.

September 8, 1902 ....| 3.45 70 4.0 2.07 2.00 2.47 1.03 .84 55.0 G.

July 24, 1903 ... h. 20 100 4.3 3.36 3.22 4.27 1.04 .79 55,0 | G.,B.
Do - 5.20 30 4.4 2.29 2.37 2,36 .96 .97 63.0 G.

3.90 70 4.6 |- 2.37 2.35 2,93 1.00 .81 60.0 G.
3.90 60 4.7 2.27 2.26 2.84 1.00 .80 60.0 G.
5.20 90 4.8 3.05 2.88 4.20 1.06 .73 55.0 | G.,B.
4.28 70 4.9 2.59 2.54 3.05 1.02 .85 57.0 G.
4.28 60 4.9 2.69 2.50 3.17 1.04 .82 52.0 G.
4.46 70 5.0 2.83 2,86 . 3.26 .99 .87 63.0 G.
5.20 40 5.0 3.00 3.17 3.23 .95 .93 66.0 G.
5.20 50 5.4 3.45 3.48 4.08 .99 .8 61.0 G.
5.20 80 5.5 3.48 3.40 4.32 1.02 .81 59.0 G.
b. 20 60 6.2 3.66 3.70 4,27 1.00 .86 60.0 G.
5.20 70 6.2 3.60 3.58 4,41 1.00 .82 60.0 G.
T
1.01 83 58.5 |..e.n...
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Vertical velocity measurements on rivers in the Caiskill Mouniains—Continued.

RONDOUT CREEK, ROSENDALE, N. Y.

Velocity in feet per | Coefficients for| pepth
second by following | reducing to of
Dis- |Depth methods: mean veloeity:| thread Charae-
Gage | tance | at ofmean|"3 " s
Date. hopgs. | from | meas- veloel- | pof O
ight. inij:ir:] ur;ni,r V(larbi- six | o six | g ty (int Riote
point. | point. | cal ve- 'op. op. |percen .
locity. tenths. tenths. of
depth).
Feet. | Feel, | Feel. Feet.
August 7, 1902........ 7.39 35 4.4 1.26 1.30 1.46 | 0.97 0.87 65.0 B.
July 29,1902 ... . 7.40 35 4.5 1.34 1.40 1.49 .96 .90 65.0 B.
September 5, 1903 7.24 40 5.1 1.68 1.67 1.77 1 1.00 .95 60.0 B.
August 21, 1902. 6.33 75 5.3 .39 .40 .49 | 1.00 .80 61.0 B.
July 18, 1902 6.33 75 5.5 .36 .35 .44 ¢ 1.00 .82 58.0 B.
August 29, 1 6.33 100 5.5 .35 .37 .39 .95 .90 67.0 B.
Do.... 6.33 75 5.6 .42 .44 .51 .96 .82 62.0 B.
August 21, 2. 6.33 85 5.9 .38 .38 .60 | 1.00 .76 60.0 B.
August 29, 1902. 6.33 85 5.9 L .44 .61 | 1.00 .86 60.0 B.
July 18, 1902 ... 6.33 90 6.0 .35 .33 44| 1.06 .79 53.0 B.
August 21, 1902. .. 6.33 90 6.1 .39 .37 .49 1 1.06 .80 55.0 B.
August 29, 1902__..... 6.33 90 6.1 W41 .41 . 100 .85 60.0 B.
September 5, 1903.... 7.24 100 6.3 1.17 1.22 1.49 .96 .79 63.0 B.
March 21,1902 ....... 8.07 40 6.4 2.42 2.46 2.73 .98 .89 60.0 B.
August 7, 1902 .. 7.39 75 6.7 1.64 1.66 2.16 .99 77 61.0 B.
July 29,1902.......... 7.40 7% 6.8 1.73 1.76 2.18 .99 .79 61.0 B.
September 5, 1903.... 7.24 70 6.8 1.64 1.66 2.1 .99 .76 61.0 B.
D .. 60 7.2 1.73 1.82 1.96 .95 .88 68.0 B.
80 7.3 1.64 1.70 1.91 .97 .86 65.0 B.
90 7.8 1.36 1.41 1.63 .97 .83 63.0 B.
60 8.2 2.55 2.65 2.80 97 .91 61.0 B.
............................... 987 84 61.4 |........
SCHOHARIE CREEK, PRATTSVILLE, N. Y.
June 4, 1903 .......... 4,72 12 1.1 1.42 1.42 1.77 (- 1.00 | 0.80 60.0 S.
May 15, 1903 5.02 40 4.2 .52 .63 .68 .98 77 60.0 S.
Do ........ 5.02 30 4.7 .64 .63 831 1.02 77 60.0 S.
August 26, 1903. 6.29 60 4.8 1.59 1.60 1.78 .99 .89 60.0 S.
June 30, 1903. .. 5,98 50 5.0 1.66 1.66 2,03 | 1.00 .82 60.0 S.
August 26, 1903. | 6.29 40.| 5.2 2.07 2.06 2.65 | 1.01 81 60.0 S.
May 15, 1903. .. . 5.02 20 5.6 .56 .53 .76 1 1.0 74 50,0 S.
June 30, 1903 ... 5.98 30 5.7 1.98 1.96 2.43 | 1L.01 81 59.0 S.
August 26, 1903. 6.29 30 5.8 2.28 2.22 2.76 1 1.02 .83 58.0 S.
June 30,1903 .. 5.98 20 6.3 1.78 1.72 2.81| 1.03 .77 57.0 S.
August 30, 1903 7.62 40 6.6 3.20 3.05 4.22 | 1,06 L76 57.0 S.
Mean ......... .J .............................................. 1.014 | 7974 58.83 |........
TENMILE RIVER, DOVER PLAINS, N. Y.
1.69 11 1.8 0.46 0.46 0.67 | 1.00 0.69 60.0 B.
D 4.69 35 2.2 1.26 1.23 1.43 | 1.02 .88 53.0 R.
Do . 4.69 40 2.4 1.21 1.20 1.45 | 1.00 .83 60.0 R.
Do.... 4.69 45 2.8 1.24 1.24 1.36 | 1.00 .91 60.0 | R.,8S.
July 23,190 6.18 10 3.0 1.10 1.12 1.38 .98 .80 62.0 S.
September 14,1903.... 4.88 A5 3.0 1.10 1.08 1.30 | 1.02 .86 55,0
August 4,1902........ 1.69 15 3.1 .66 .72 .84 .92 .79 66.0 B.
August 19,1902 4.28 50 3.4 .64 .64 .66 | 1.00 .97 60.0 S.
July 23,1903 . 6.18 35 3.4 1.98 1.98| 213 | 1.00 .93 60.0 S.
Do...... 6.18 40 3.5 1.97 2.05 2.12 .96 .93 62.0 8.
October 2,1902 . 5,80 40 3.6 1.74 1.69 2,03 | 1.03 .86 56.0 R.
September 2,1902. 3.95 55 3.7 .24 .25 .24 .96 1.00 65.0 S.
August 4,1902 .. 4.69 22 3.8 .88 .91 .99 .97 .89 65.0 | B.,S.
August 19,1802 . 4,48 55 |. 8.8 b1 .51 .61 | 1.00 1.00 60.0 S.
August 4,1902 4.69 30 3.9 1.14 1.13 1,27 1.00 .90 60.0 S.
July 23,1903 . 6.18 50 3.9 1.94 2.02 2.13 .96 .91 67.0 S.
Dol 6.18 45 4.0 1.79 1.88 2.26 .95 .79 63.0 S.
September 2, 1902. 3.9 20 4.1 .60 .60 L7441 1,00 .81 60.0 B.
August 4,1902 .. 4.69 b5 4.2 .96 .96 1.04 | 1.00 .92 60.0 S.
August 19,1902 . 4.28 20 4.2 .70 .74 .79 .95 .88 66.0 B.
September 14, 1903 4.88 -25 4.2 1.11 1.06 1.42 | 1.06 .78 56,0 S.
August 4,1902.. 4.69 30 4.3 1.07 1.05 1.83 1 1.02 .80 58.0 S.
July 23,1903. 6.18 56 4.3 1.94 1.93 1.98 | 1.00 .98 60.0 S.
Do ...... 6.18 16 4.4 1-53 1.57 1.75 .98 .87 61.0 .
August 4,1902....... 40 4,69 20 4.7 .82 .86 .88 .95 .93 70.0 B.
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Vertical velocity measurements on rivers in the Catskill Mourdains—Contimued.

TENMILE RIVER, DOVER PLAINS, N. Y.—Continued.

Velocity in feet per | Coefficientsfor Depth
second by following | reducing to
Dis- | Depth| methods mean velocity: thread Charac
G tance | at ofmean ter of
Date. he?glft from | meas- velocl-|eq of
ot potn | e | x| mop. | 8% | mop. [priemsiream
locity. tenths. tenths. of
depth).
Feet. | Feet, | Feet. Feet.
July 23,1908.......... 6.18 30 4.8 1.81 1.80 1.96 | 1.00 0.92 59.0 S.
August 4, 190 4,69 60 5.0 .67 .69 .69 .97 97 65.0 S.
October 2, 1902 5.80 50 5.3 1.75 1.73 1.93 | 1.03 .90 58.0 S.
July 23,1903 6.18 20 5.3 1.72 1.72 1.98 1 1.00 .87 60.0 5.
DO weniniannen 6.18 25 5.3 1.76 1.70 2,08 | 1.04 .85 56.0 8.
October 2,1902 ....... 5.80 20 5.9 1.36 1.37 1.6L | 1.00 .84 60. 0 B.
DO e, 5.80 60 6.0 1.50 1.55 1.45 .97 1.03 67.0 8.
July 21,1902.......... 7.18 25 7.8 2.15 2.18 2.44 .99 .88 63.0 S.
B K25 1 RS PR PR ORI PPN POUIIIN PO, .992 .884 60.9 |...o....
WALLKILL RIVER, NEWPALTZ, N. Y.
August 28, 1902 ... 5.86 40 3.3 0.32 0.32 0.34 1.00 | 0.94 60.0 S.
............... 5.86 45 3.3 .81 .32 .33 .97 4 65.0 S.
September 18,1902...} 5.96 40 3.4 .39 .42 .43 .93 .91 66. 0 8.
............... b.96 50 3.4 .41 .46 41 .89 | 1.00 74.0 S,
August 15, 1902. 6.72 30 | - 3.6 B3 .62 .76 1.0L .83 59.0 S.
June 6, 1902 .......... 6.40 40 3.8 .73 72 .84 1.01L .87 55.0 S.
May 13,1902 . ..._..... 6.68 45 4.0 .96 .98 1.09 .98 .88 65.0 S.
August 15,1902....... 6.72 40 4.0 .96 .97 1.03 .99 .86 65.0 S.
August 6,1902........ 7.98 30 5.2 1.19 1.16 1.53 1.03 .78 56.0 S.
Do ...ill. 7.98 40 5.6 1.70 1.70 1.91 1.00 .89 60.0 S.
August 28,1902 ....... 5,86 7 5.7 .37 .42 40 .88 .92 74.0 S.
May 1, 1902 ........... 10.60 25 5.8 2.08 2.24 2.41 .93 .86 66.0 S.
‘september 18,1902 ... 5.96 7 5.8 .46 .60 .51 .92 .90 76.0 S,
August 15, 1903 ....... 7.85 40 5.8 1.70 1.78 1.70 .96 1 1.00 68.0 s,
Do......... 7.85 50 5.9 1.61 1.66 1.68 .97 .96 68.0 S.
September 18, 1 5.96 90 6.2 .43 .43 .56 1.00 7 60.0 S.
August 16,1902 6.72 75 6.6 1.06 1.05 1.22 1.00 .86 60.0 S.
May 1,1902... - 10.60 30 7.6 2.19 2.22 2.562 .99 .87 62.0 S.
June 19,1902 ......__. 6.18 105 7.6 .57 .62 .63 .92 .91 68.0 S.
September 18,1902....| 5.96 110 7.7 .53 .60 .46 .88 1.16 79.0 8.
May 1,1902 10.52 40 7.8 2.81 2.92 2.78 .97 1 1.01 72.0 S.
Do ... 10.52 45 8.0 2,77 2,79 2.86 .99 .97 64.0 S.
Do . 10.46 50 8.0 2.74 2.76 2.88 .99 .95 64.0 S.
Do. 10.46 55 8.0 2.40 2.48 2.95 .97 .81 65.0 S,
Do 10.46 60 8.2 1.97 2.02 2.98 .98 .66 62.0 S.
May 13, 190" 6.68 105 8.2 1.04 1.04 1.09 1.00 .95 60.0 s,
Do . 6.68 120 8.2 .87 .42 .38 .88 .97 69.0 S,
6.40 110 8.2 .81 .80 .93 1.01 .87 60.0 S.
6.40 120 8.2 .18 .19 .19 .99 .95 70.0 S.
August 15,1903 ....... 7.85 90 8.3 1.78 1.79 2.10 1.00 .85 60.0 8.
August 15 1902....... 6.72 110 8.4 1.12 1.12 1.17 1.00 | 0.96 60.0 S.
. 40. 116 8.6 .55 .63 .69 |- L01 .80 55.0 S.
65 9.4 2.00 1.83 3,02 1.09 .66 55.0 S.
20 9.7 3.07 3.06 3.11 1.01 .98 59.0 S.
70| 10.4 2.59 2.59 3.06 1.00 .86 60.0 8.
75| 10.4 2.59 2.57 3.02 1.01 .86 59.0 S.
90 | 10.6 2.61 2. 60 2.98 1.00.| .87 60.0 S.
80| 10.8 2.60 2.70 3.02 .96 .86 67.0 S.
85| 10.8 2.68 2.69 3.10 1.00 .87 60.0 8.
9% | 11.0 2.68 2,68 3.05 1.00 .88 60.0 8.
100 | 11.2 2.74 2.78 3.02 .98 .91 62.0 8.
106 |- 11.8 2.86 2.96 3.10 .96 .92 68.0 8.
110 | 11.8 3.00 3.09 2.98 L9711 1.01 |- 75.0 8.
60 ) 11.8 4.156 4,17 4.37 .99 .95 61.0 S.
...... . 116 | 12.4 2.84 2,92 2.90 .97 .98 69.0 8.
June 16, 1903 ......... 165.36 70 | 13.4 4.15 4,18 4,56 .99 91 61.0 8.
March 24, 1903 ....... 14.95 80t 15.0 4.05 4.08 4.20 99 .96 64.0 8.
June 186, 1903 ......... 15.36 80 15.3 4.40 4.50 4.56 .98 .96 67.0 S.
Do . . 4.41 4.4 4.61 .99 .95 61.0 8.
4.54 4.56 4.84 1.00 .94 60.0 8.
4.06 3.97 4.66 1.02 .87 57.0 8.
4.72 4.80 5.03 .98 .94 62.0 S.
........................ .98 .846 63.7
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Vertical velocity measwrements on rivers in the Catskill Mountains——Continued.

WAPPINGER CREEK, WAPPINGER FALLS, N. Y.

Velocity in feet per | Coefficients for | Depth
second by following | reducing to of
Dis- |Depth| methods: . mean velocity: | thread ch
age | e gt | S
Date. heiht, | from. | meas- . veloci- | 23 0L
git. init'iatl urin% V?rti- Six- m Six- ™ ty (mt stream.
oint. | point.|cal ve- P op. . 'op. |percen *
P p Tocity, | tenths. tenths: v
depth).
Feet. | Feet. | Feet. . * Feet,

July 7, 1903 1. 70T b5 2.5 1.84 1.82 2.03 1.01| 0.91 60.0 8.
Do.... 1.70 15 2.8 .96 .93 1.34 1.03 .72 59.0 S.
Do. 1.70 20 2.8 1.24 1.19 1.66 1.04 .75 58.0 S.
Do . 1.70 25 3.0 1.39 1.38 1.86 1.00 .75 60.0 S.
Do.. . 1.70 10 3.2 .58 .52 1.02 1.11 b7 52.0 S.
Do .. 40 1.70 30 3.2 1.46 1.46 .80 1.00 77 60.0 S.
Do | 1.70 35 3.4 1.69 1.67 2.05 1.01 .82 59.0 S.
Do.... . 1.7 40 3.4 1.36 1.42 1.42 .96 .96 65.0 S.

September 3,1903....| 2.35 20 3.5 1.76 1.74 2.17 1.01 .81 59.0 S.

July 7,1903. ... 1 1.70 70 3.7 1.19 1.08 1.84 1.10 .65 55.0 S.
D . 3.7 1.33 1.25 i.84 1.06 .72 54.0 S.

3.8 1.61 1.568 1.96 1.01 .82 58.0 S.
3.8 2.11 2.03 2.57 1.04 .82 55.0 S.
4.0 1.52 1.62 1.81 1.00 .84 60,0 8.
4.5 1.97 1.93 2.43 1.02 .81 58.0 S.
4.5 1.67 1.59 2.29 1.05 .73 55,0 S.
4.7 1.24 1.17 1.66 1.06 .7 55.0 8.
............................... 1.03 777 57.8
SUMMARY.
[Legend: Sm=smooth, R=rough, M=medium, Sh=shallow, D=deep.]
o -} 1 9 oty P e
p2 g | g2 | &% [BZE
B ] 88 |29 |Pee
3 g 249 | =f “5’2 8| Character
By River. Location. P g} @ Zo [~9=| of bed of
k| .: g“‘ﬁ g vg |8 s Z river.
= = o S g
8 & | 2% | 255 934
= a OZ &) 7,
Feet. '
2-7 | Catskill Creek.......... South Cairo, N. ¥....... 0.577 | 1.020 | 0.830 47 | Sm. | M.
2-H D%lawmile) River (east | Hancock,N.Y...._..... .590 { 1.023 .816 6| R. | Sh.
ranch).
1.54 | Delaware River (west |..... L 1) R .580 | 1.018 .831 12| R. | Sh.
branch).

2-14 | Esopus Creek .......... Kingston, N.Y.......... .617 .999 875 531 M. | D.
1-5 |..... [+ 00 T, Olivebridge, N. Y .. 577 | 1.012 .894 68 | Sm. | Sh.
-2-5 | Fishkill Creek ......... Glenham,N.Y..... 587 | 1.036 .790 22| M. | Sh.

2-6 | Hoosatonic River...... Gaylordsville, Conn . .585 | 1.010 .830 36| M
4-8 | Rondout Creek ........ Rosendale, N.Y ... 614 987 .840 21| R M
4-6 | Schoharie Creek ....._. Prattsville, N.Y . 583 | 1.014 791 11! Sm. | M
2-7 | Tenmile River ......... Dover Plains, N. Y. .| 609 . 992 . 884 33| M M
3-17 | Wallkill River......... Newpaltz, N.Y.........| 7.637 9%0 .846 52| Sm. | D
2-5 | Wappinger Creek ...... Wappinger Falls, N.Y .. 578 | 1.080 Nl 17 | Sm. | Sh.
Mean ... iiciiiiaaaaea 595 | 1.010 834 | 378

aFrom the curve. ~
bMeter held as near the surface as possible, and not affected by wind, ete.

'MEASUREMENTS ON ICE-COVERED RIVERS.

It was found necessary by T. H. Tillinghast and W. W. Schlecht,
hydrographers, in computing the discharges of the rivers in the Cats-
kill Mountains in the winters of 1901-2 and 1902-3, to study their
velocities under ice and (1) to ascertain the effect of the ice covering
upon the vertical distribution of velocities, especially upon the position
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of the point of mean velocity, (2) to discover its effect upon the dis-
charge of the stream, and (3) to learn how to adjust the gage heights
and to compute the data obtained under ice, so as to obtain the most
accurate results. i

Only three of the streams under consideration remain frozen for
any great length of time; these are the Wallkill, the Esopus, and the
Rondout. The Wallkill is a deep river, with easy slopes and smooth

-bed; the Rondout is of medium depth, greater slope, and rough bed;
while the Esopus is shallow, with a bed partly smooth and partly
rough. Of these three special studies were made.

Obgervations were taken with a Price current meter, which was
lowered through holes cut in the ice at regular distances across the
stream. Velocities were obtained in'ten or more points in the vertical,
and were plotted on cross-section paper, the depths as ordinates and
the velocities as abscissas. The total depth at each station was meas-
ured from the under surface of the ice to the bed of the stream. The
gage height was taken at the top of the ice, and the thickness of the
ice in all cases recorded.

After plotting the depths and velocities, a curve was drawn through
the points and divided into ten equal parts. The center velocities of
each part, taken from the curve, added and divided by 10, gave the
mean velocity in that section. ’

When the holes were cut the water rose nearly flush with the sur-
face of the ice, showing that it was flowing under pressure. A study
of the tables and curves showed that the flow of water under such
conditions was somewhat similar to its flow in pipes and in closed
flumes. The mean velocity occurred at two points in the vertical, the
average of 83 curves being 0.11 depth and 0.71 depth; the maximum
velocity occurring at 0.36 depth. The curves dragged more for shal-
low depths and became more concave, and consequently the error of
observation increased if the meter was not held at the proper point in
the vertical depth.

The reading of the gage is an important factor in computing the
flow of rivers during the time they are frozen over. In these obser-
vations the gage was always read at the surface of the water as it
stood in a hole cut in the ice, this being practically at the top of the
ice in all cases.

It was at first thought that by subtracting the thickness of the ice from
the gage readings the regular open-channel discharge rating table might
be used. It was found, however, that both the friction of the water
on the ice and the head on the water itself, varied greatly, the former
with the quantity of tilted, broken, and anchor ice, and the latter with
the thickness of the ice and the.freezing and thawing of the upper
stream, and thus so complicated the problem as to render the error of
this method far too great. It was found tobe more accurate and satisfac-
tory to treat ice-closed rivers as a separate problem than to attempt
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to adjust the thickness of ice to the gage heights and apply them to the
open-channel rating tables. Accordingly special tables were computed
for use on the three streams in question when ice covered.

From the summary it appears that—

(1) The maximum velocity occurs at a point between 35 per cent and
40 per cent of the total depth, as measured from the under surface of
the ice; (2) the mean velocity occurs at two points in the vertical,
namely, from 0.08 to 0.13, and from 0.68 to 0.74 of the depth, meas-
ured from the under surface of the ice; (3) the depth of the stream
has more effect on the point of mean velocity than the slope velocity,
or the roughness of bed, this being probably due to the relation of
wetted perimeter to cross section; (4) the vertical velocity curve
becomes more concave as the river rises, this being due to the increased
head; (5) in gaging streams under ice, measurements should be made
by the vertical-velocity-curve method, or by the integration method.

Vertical velocity measurements on ice-covered streams in the Catskill Mountains.

WALLKILL RIVER, NEWPALTZ, N. Y.
[By F. H. Tillinghast.]

Coeffi-
Gage Dis- | Depth Maxi- b %‘;th cient
height, tance | from | Thick-| Mean | Depth of | 0| oo, | to
read Date. from | under | mness | veloc- mean veloe- | znum- reduce
to top initial |surface| of ice. | ity. velocity. it Yeloc- maxi-
of ice. point. | of ice. ¥ Sty [mum to
* | mean.
Feet. | Feet. |Inches
11.2 | January 7, 1903 . 60 6.8 9 2,31 0.04 | 0.59 2.78 0.35 0.83
Do . 80 10.3 9 2.57 .08 .68 2.95 .36 .87
90 10.8 9 2,40 .11 .70 2.71 .36 .89
N 110 12.3 9 2.48 .16 .85 2.82 .36 .88
10.9 25 4.8 16 1.29 .05 .65 1.45 .46 .89
40 8.0 12 2.26 .25 . 80 2.47 .45 .91
60 6.0 12 2.18 .09 .68 2.63 .35 .83
80 9.6 12 2.53 09 .69 2.86 .36 .88
Do - 110 11.8 12 2.60 11 .78 3.02 .46 .86
7.1 Febrﬂary 24,1903 ... 60 3.8 1.42 .08 .64 1.91 .35 .75
Do . 4.4 b 1.56 08 W T1 1.96 .35 .79
6.8 ., 5 1. 60 .10 .68 1.84 .45 .87
7.4 b 1.50 .13 77 1.72 .4b .87
4.0 . 14 .59 .10 .65 .76 .35 .78
5.8 14 1.20 .07 .72 1.42 .25 .86
4.2 12 1.11 .07 .67 1.54 .36 .78
7.8 12 1.48 .10 72 1.70 .85 .84
9.2 12 1.41 .10 10 1.68 .35 .84
10.5 8 1.94 .30 .77 2.10 .b6b .92
7.9 7 .68 .20 78 .81 .46 .84
........................ 12 2 B PO 38 .85
[By W. W. Schlecht.]
8 | 1.6 0.7| 2.61(0.150|0.740| 3.13| 0.350 | 0.880
75 1.6 7 2.64 170 | .740 3.22 . 360 . 820
53 9.2 .7 2.48 . 860 2.75 .50 . 900
40 9.0 4 2.49 140 | .750 2.89 . 450 . 860
50 3.4 1.2 .81 090 | .730 .95 . 850 . 850
80 5.8 1.0 1.01 130 | .720 1.20 .850 L840
90 6.6 1.0 .01 ] .120|. .720 1.25 . 350 L8610
100 7.8 1.0 1,08 .120| .730 1.27 .350 .80
40 14.0 1.4 3.13 | .170 | .800 8.61 .450 LS70
50 15.0 1.0 3.63 170 | .840 4.00 .450 . 900
60 14.0 .8 4.02 130 | .800 4.29 . 350 L4930
70 16.0 .8 4.02-( .120 | .820 4.37 . 350 .920
80 17.0 W7 3.96 090 | .750 4,31 . 450 .920




MURPHY.}

ICE-COVERED STREAMS.

161

Vertical velocity measurements on ice-covered streams in the Catskill Mountains—Cont'd.

WALLKILL RIVER, NEWPALTZ, N. Y.—Continued.

Coeffi-
Gage Dis- | Depth Maxi- D%I;th cient
height, tance | from | Thick-| Mean Depth of mum | maxi- to

read Date. from |under | ness | veloc- mean veloe- | mum |reduce

to top initial |surface| of ice. | ity. velocity. it veloe- | Maxi-
of ice. point. | of ice. ¥ it mum to

Y- | mean

B Feet. | Feet. | Inches. N
January 23, 1902. 90 17.0 0.7 3.93 | 0.070 | 0.700 4.36 | 0.350 0. 900
Do.... 100 18.9 .8 3.89 | .160 | .850 4.20 .450 .920
Do........ 110 19.0 .8 3.73 | .160 | .760 4,18 . 460 . 890
January 81, 1902. 40 5.8 1.0 1.62 | .1650 | .740 1.73 .350 .880
Do 70 7.8 1.0 2.08 | .090 | .680 2.44 350 . 850
80 7.8 1.0 214 10| .720 2.44 . 350 .870
90 9.0 1.0 2,09 .100 | .69 2.46 .350 . 850
.............. 100 10.3 1.2 224 .140 | .760 2,48 . 450 . 900
February 10, 1902..... 30 6.5 1.0 142 .1650 | .710 1.66 . 350 . 860
Do........ Ceeenn 90 7.5 1.0 1.42 1 .090 | .640 1.72 . 350 . 820
February 24, 1902. . 90 6.0 2.0 .85 | .080 | .670 1.04 . 250 . 820
Do....oo.oo... 80 5.3 2.0 .84 | .130 | .740 1.00 . 360 . 840
DO ceevnnean..t 40 3.5 2.4 AL L1310 | 700 .62 . 350 . 820
Mean .....oooofooiiiii]oniiioeeei e, .131 B2 73 . .385 .865
ESOPUS CREEK, KINGSTON, N. Y.
[By F. H. Tillinghast.]

6.60 | December11,1902 ... 25 2.2 1 0.57 1 0.11 | 0.68 0.87 0.45 0.66
DO.ovviiiiia.s 30 3.0 1 .87 .07 .73 1.10 .35 .79
DO.eeeennae 40 4.0 1 1,13 .08 .65 1.40 .35 .81
Do.coiiaeLL 50 3.2 1 1.21 .07 .65 1.64 .36 .74
DO cueaanannnns 60 3.8 1| 124| .08] .65 Lb5d .35 .80
Do.eereeiels 80 7.0 1 1.28 .07 .78 1.55 .25 .83
DOt 100 6.2 1 1.06 .07 .68 1.28 .36 .83

6.90 | January 14,1903..... 55 2.9 7 1.08 .07 .60 1.82 .25 .82
DO 0 3.6 7 1.08 .06 72 1.32 .25 .82
DO ceeiiannnnnn 90 7.1 7 1.01 .05 .62 1.22 .25 .83
DO.cocniaaaaans 106 4.0 7 .90 11 .73 1.17 .56 7

7.1 | February 24,1903.... 60 3.8 5 1.40 .08 .66 1.91 .35 .74
Dol 70 4.4 5 1.51 .08 .70 1.96 .35 77
DOwurnaenennn. 85 6.8 5 1.60 .12 .67 1.84 .45 .87
DOl _ % 7.4 5 1.50 .12 .72 1.72 .15 .87
DOceverrnnnn.. 100 6.1 5 1.40 .08 .66 1.68 .46 .84

UL R RN R I AT .08 .68 |........ .36 .80
R [By W. W, Schlecht.]
6.8 0.05 0.89 [ 0.200 | .78 1.10 | 0.560 0.810
5.0 .20 .95 [ .080 .78 1.08 |~ .450 . 880
6.6 .10 1.89 | .150 .75 1.53 . 350 .910
8.0 .10 1.15| .080 .69 1.40 . 250 .820
6.0 .10 1.20 | .160 .80 1.33 . 350 . 900
5.7 .10 .83 .110 .78 .95 . 350 .870
6.4 .20 .83 .060 . .63 1.01L .350 .820
6.0 .30 2.58 | .080 .65 3.08 . 350 .840
........................ .115 7B ...l BB .86
RONDOUT CREEK, ROSENDALE, N. Y.
[By F. H. Tillinghast.]
8.50 | February 23,1903.... 4 5.0 8 1.46 |....... 0.68 1.86 0.36 0.78
4.4 6 . 0.10 .66 .97 .25 .86
7.0 7 1. .05 .63 1.93 .25 .78
7.6 6 1. .06 .68 1.9 .45 .86
7.6 6 1 .11 .74 1.75 .45~ .83
.08 .68 |.a.... .36 .82

IRR 95—04—-I11
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Vertical velocity measurements on ice-covered streams in the Catskill Mountains—Cont’d.

RONDOUT CREEK, ROSENDALE, N. Y.—Continued.
[By W. W. Schlecht.]

Coeffi-
Gage Dis- | Depth Maxi- D %I;th cient
height, tance | from | Thick-|. Mean Depth of mum | maxi- to
read Date. from | under [ ness | veloc- mean veloc- | mum |reduce
to top initial [surface| of ice. | ity. velocity. it veloc- | maxi-
of ice. point. | of ice. ¥ iy, |mum to
* | mean,
Feet Feet. | Inches. l
December 6,1901 .... 80 6.1 0.1 0.66 | 0.13 | 0.690 0.76 0.35 0.870
Do 90 6.4 .2 .58 11,630 .68 .25 . 850
80 6.3 .2 1.24 .22 ¢ .810 1.47 .45 .840
+90 6.8 .2 1.14 .16 | .720 1.27 35 .900
92 6.2 1.5 1.29 13 .720 1.58 .35 .820
92 6.6 1.4 1.64 L0561 .670 2.02 .35 .820
80 6.4 1.5 1.51 09| .700 1.68 .35 . 900
40 5.4 1.0 1.51 .15 1 .750 1.67 .35 . 900
...... e s om ] s Lse2
SUMMARY.

Num- Maxi- Deé)f"h (é?grﬁ- E o

Stream. Il)lex?({grf;&? t];fé‘agf Depth of mean | mum | maxi- reégee 28

' face of ice. | ure- velocity. | veloe- o | maxi- ; g

ments. ity. V‘i*t}c,'e' mum to| s ©

* | mean. |z
Feet.
Wallkille ....oooiiiiiiiiiienannan. 4 to 12 20 0.12 0.38 0.85| 20
Wallkilld ..ot 41019 26 .13 .38 .86 26
Esopus«. 2.2t07.4 16 .08 .36 .80 | 16
Esopusb. 5to 8 8 a1 .87 .85 8
Rondouta. 4to8 5 .08 .36 .82 b
Rondoutd........ooooiiiivaniannn. 5to7 8 .13 .35 .86 8
Mean. .o e wefernneann 11 S .36 .84

aBy F. H. Tillinghast.

bBy W. W. Schlecht.
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