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determine depth when using a handline, lower
the sounding weight to the streambed, then
raise the weight until one of the tags is at the
water surface. Measure along the rubber-
covered service cord with a steel or metallic
tape or a graduated rod to determine the dis-
tance the weight is raised. The total depth
of water is then the summation of (1) the
distance the particular tag is above the meter
cups, (2) the measured distance the meter
and weight was raised, and (3) the distance
from the bottom of the weight to the meter
cups.

Another method of determining depths is
to set the meter cups at the water surface and
then lower the sounding weight to the stream-
bed while measuring the amount of line that
has been let out by one of the methods men-
tioned previously. This measured distance,
plus the distance from the bottom of the sound-
ing weight to the meter cups, is the depth of
water. When using a handline, unwind enough
cable from the handline reel to keep the reel
out of water when the sounding weight is on
the streambed at the deepest part of the cross
section. If the bridge is high enough above the
water surface, raise and lower the weight and
meter by the rubber-covered cable rather than
by the bare cable. When the meter is set for the
velocity observation, stand on the rubber-
covered cable or tie it to the handrail to hold
the meter in place. This arrangement frees
the hands to record the data.

The handline can be disconnected from the
headphone wire and passed around a truss
member with the sounding weight on the
bottom. This eliminates the need for raising
the weight and meter to the bridge each time a
move is made from one vertical to another, and
is the principal advantage of a handline.

Current-mefer measurements from ice cover

Discharge measurements under ice cover are
made under the most severe conditions (fig. 59)
but are extremely important because a large
part of the discharge record during a winter
period may depend on one measurement.

Select the possible locations of the cross
section to be used for a measurement from ice
cover during the open-water season when
channel conditions can be evaluated.

Figure 59.~Ice rod being used to support current meter for
a discharge measurement, top; and ice drill being used to
cut holes, bottom,

The equipment used for cutting or drilling
the holes in the ice is described on page 27.

Never underestimate the danger of working
on ice-covered streams. When crossing, test
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the strength of the ice with solid blows using a
sharp ice chisel. Ice thickness may be irregular,
especially late in the season when a thick snow
cover may act as an insulator. Water just
above freezing can slowly melt the underside of
the ice, ereating thin spots. Ice bridged above
the water may be weak, although thick.

Cut the first three holes in the selected cross
section at the quarter points to detect the
presence of slush ice or poor distribution of the
flow in the measuring section. If poor conditions
are found, investigate other sections to find one
that is free of slush ice and that has good dis-
tribution of flow. Make at least 20 holes in
the ice for a current-meter measurement.
Space the holes so that no partial section has
more than 10 percent of the total discharge in it.

The effective depth of the water (fig. 60) is the
total depth of water minus the distance from
the water surface to the bottom of the ice.
The vertical pulsation of water in the holes in
the ice sometimes causes difficulty in deter-
mining the depths. The total depth of water is
usually measured with an ice rod or with a
sounding weight and reel, depending on the
depth.

Measure the distance from the water surface
to the bottom of the ice with an ice-measuring
stick. (See p. 27) If there is slush under the

Water surface

solid ice at a hole, the ice-mesasuring stick is
not used. To find the depth at which the
slush ice ends, suspend the current meter
below the slush ice with the meter rotor
turning freely. Raise the meter slowly until
the rotor stops. This point is used as the depth
of the interface between water and slush.

After the effective depth of the water has been
determined, compute the proper position of the
meter in the vertical as shown in figure 60.

The vane ice meter is recommended for use
under ice cover because the vanes do not be-
come filled with slush ice as the cups of the
Price meter often do, because the yoke of the
vane meter will fit in the hole made by the ice
drill, and because the yoke and ice rod can
serve as an ice-measuring stick. The contact
chamber of the vane meter can be rotated to
any position, so the binding post is placed per-
pendicular to the axis of the yoke to avoid inter-
ference when using the top of the yoke to deter-
mine the underside of the ice.

The velocity distribution under ice cover is
similar to that in a pipe with s lower velocity
nearer the underside of the ice. (See fig. 61.)
The 0.2- and 0.8-depth method is recommended
for effective depths 2.5 feet or greater and the
0.6-depth method is recommended for effective
depths less than 2.5 feet. It is recommend ed

Ice ' T

a

1

Streambed

Ice

a= Water surface to bottom of ice
b= Total depth of water
¢ =Effective depth (c=b—a)

0.2-depth setting=a+0.2¢
0.8-depth setting=b—0.2¢
0.6-depth setting=b—0.4¢

Figure 60.—~Mecthod of computing meter settings for measurements
under ice cover.
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Figure 61.~Typical vertical-velocity curve under ice cover.

that two vertical-velocity curves be defined
when ice measurements are made to determine
whether any coefficients are necessary to con-
vert the velocity obtained by the 0.2- and 0.8-
depth method or the 0.6-depth method to the
mean velocity. Normally the average of the
velocities obtained by the 0.2- and 0.8-depth
method gives the mean velocity, but a coeffi-
cient of about 0.92 usually is applicable to the
velocity obtained by the 0.6-depth method.

When measuring the velocity, keep the meter
as far upstream as possible to avoid any effect
that the vertical pulsation of water in the hole
might have on the meter. Eliminate as much as
possible the exposure of the meter to the cold
air during the measurement. The meter must
be free of ice when the velocity is being
observed.

If there is partial ice cover at a cross section,
use the procedure described above where there

is ice cover, and use open-water methods
elsewhere,

A sample sheet of discharge-measurement
notes under ice cover is shown in figure 62. In
this measurement the vertical-velocity curves
indicate that the 0.2- and 0.8-depth method
gives the mean velocity and that the 0.6-depth
method requires a coefficient of 0.92.

Current-meter measurements from boats

Discharge measurements are made from
boats where no cableways or suitable bridges
are available and where the stream is too deep
to wade. Personal safety is the limiting factor
in the use of boats on streams having high
velocity of flow.

String the tag line at the measuring section
by unreeling the line as the boat moves across
the stream. Some tag-line reels are equipped
with brakes to control the line tension while



DISCHARGE MEASUREMENTS AT GAGING STATIONS

9-278a
(September 1960)

pee March 18 b2

UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WATER RESOURCES D:VISION

45

Meter
v-378

Number of Meas. _,3_6-_5..-.«..

DISCHARGE MEASUREMENT NOTES—ICE CO

Frozen m___Hnt__ﬁ,ci_og.s}.[}L_}f .....

Creek, near
@mEhby Total Deoth i vELOCITY
R e e A A o R e
L&!S_ surface point m‘::ul
Y13 ol sl 0. Q... .0
30| 6| 2.4/ 16| 1.0/ 2.2 10[47| .50 .H¢| b.0| 2.8
36| 6|36 1.8]18/29/1549].71|.6510.8 _T.0
Hz | 5143/ 2023|3415 /4Y|.79.73]11.5| 84
Ye | Y45 1.8]21]2.32043]|.07.8710.8| 94
4.0|15|52| .67
50091 47117(30/2.3|20|40|.1.5(.92/12.01 1.0
Y.1,15|50/.70
SSHIH |6 17(29]2.3|25/49]117.96]1). 6| 111
5814499 1L61332.320/40|1.15(.92[13.2] 1.2.1
____________________________________________ 4.2/1.550|.70
bz 4|48/ 1.6|32(2.2|2548/1.20 .98/12.8/12.5
H4.2(15|46|.76
&6|35 .50/1.535|2.2|25/44|1.301.08/2.2|.13.2
H315 41| .88
L3353/ L6|31]2.325/40(1.43/).15|11.1]12.8
He6|15|40| .87
L1203)5001.5/36|22128/4H1)/.401.16/10.812.5
338l |4420811.90 |
,,,,,,,,,, Wes. ol 22828
No. ... g____d _____ ‘j _____ Sheets. Comp. b,..,I@ﬁ ,,,,, Chk. by J R K

U. 5. GOVERNMENY PRINTING OFFICE  16—63325-1

Figure 62.—Part of notes for discharge measurement under ice cover.

unreeling. (See p. 24.) After a tag line without
a brake has been stretched across the stream,
take up the slack by means of a block and
tackle attached to the reel and to an anchored
support on the bank. If there is traffic on the
river one man must be stationed on the bank to
lower and raise the tag line to allow the river
traffic to pass. Place streamers on the tag line
so that it may be seen by boat pilots. If there
is a continual flow of traffic on the river, or if
the width of the river is too great to stretch a

tag line, other means will be needed to position
the boat.

When no tag line is used, the boat can be
kept in the cross section by lining up with flags
positioned on each end of the cross section.
(See fig. 63.) Flags on one bank would suffice
but it is better to have them on both banks.
The posttion of the boat in the cross section can
be determined by a transit on the shore and a
stadia rod held in the boat. (See fig. 63.)
Another method of determining the position
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Figure 63.—Determining position in the cross section, stadia
method.

of the boat is by setting a transit on one bank
some convenient known distance from and at
right angles to the cross-section line. The
position of the boat is computed by measuring
the angle « to the boat. (See fig. 64.) A third
method of determining the position of the boat
is done with a sextant read from the boat.
Position a flag on the cross-section line and
another at a known distance perpendicular to
the line. The boat position can be computed
by measuring the angle 8 with the sextant.

Unless anchoring is more convenient, the
motor must hold the boat stationary when
readings are being taken.

If the maximum depth in the cross section is
less than 10 feet and the velocity is low, use a
rod for messuring the depth and supporting
the current meter. For greater depths, use a
cable suspension with a reel and sounding
weight.

Boat measurements are not recommended at
velocities less than 1 fps when the boat is subject
to wave action. The up-and-down movement of
the boat (and the meter) seriously affects the
velocity observations.

1
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Figure 64.—Determining position in the cross section,
angular method.

The procedure for measuring from s boat
using the boat boom and crosspiece is the same
as that for measuring from a bridge or a cable-
way, once the special equipment has been set
up and the method of positioning the boat has
been established.

Moving-boat measurements of discharge

On large streams and estuaries the conven-
tional methods of measuring discharge are fre-
quently impractical and involve costly and
tedious procedures. There may be no facilities
at remote sites. Where facilities do exist, they
may be inundated or inaccessible during floods.
At some sites, unsteady flow conditions require
that measurements be made as rapidly as possi-
ble. Measurements on tide-affected rivers must
not only be made frequently but continually
throughout a tidal cycle. The moving-boat
technique is a method of measuring rapidly on
large streams. It requires no fixed facilities,
and it lends itself to the use of alternate sites
if conditions make this desirable.

The moving-boat technique is described in
detail by Smoot and Novak (1968). It is similar
to the conventional current-meter measurement
in that the velocity-area approach to determine
discharge is used; the total discharge is the
summation of the products of the partial areas
of the stream cross section and their respective
average velocities. During the traverse of a boat
across a stream, a sonic sounder records the
geometry of the cross section, and a continu-
ously operating current meter senses the com-
bined stream and boat velocities. Three men are
required to operate the boat and equipment.
The data they collect are converted to discharge
quickly, efficiently, and inexpensively. Experi-
ence has shown that measurements obtained by
the moving-boat technique compare within 5
percent of measurements obtained by conven-
tional means.

Networks of current meters

Occasional special measurements require
simultaneous velocities at several points in a
cross section, distributed either laterally or
vertically. For example, it may be necessary to
megsure a vertical-velocity profile quickly in
unsteady flows and to check it frequently in
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order to determine the changes in shape of the
vertical profile as well as the rates of these
changes. In another example, for the measure-
ment of tide-affected streams, it is desirable to
measure the total discharge continuously dur-
ing at least a full tidal cycle, approximately 13
hours. The need for so many simultaneous
velocity determinations (one at each vertical
in the cross section) for so long a period could
be an expensive and laborious process using
conventional techniques of discharge measurement.

A grouping of 21 current meters and special
instrumentation has been devised by the Water
Resources Division to facilitate measurements
of the types just described. Only a few persons
are required. The 21 meters are connected
together so that the spacing between any
two adjacent meters can be varied up to 200
feet. Furthermore, each meter has sufficient
handline cable to be suspended vertically from
a bridge as much as 200 feet. The meters have
a uniform calibration. Revolutions of the rotors
are recorded by electronic counters which are
grouped compactly in one box at the center
of the bank of meters. The operator, by flipping
one switch, starts all 21 counters simultaneously,
and after an interval of several minutes, stops
all counters. The indicated number of revolu-
tions for the elapsed time interval is converted
to a velocity for each meter. The distance be-
tween meters is known; a record of stage is
maintained to evaluate depth; prior informa-
tion at the site is obtained to convert point
velocities in the verticals to mean velocities in
those verticals. All of the information necessary
to compute discharge in the cross section is
therefore available, and is tabulated for easy
conversion to discharge.

Measurement of deep, swift streams

Discharge measurements of deep, swift
streams present no serious problems when
adequate sounding weights are used and when
floating drift or ice is not excessive. Normal
procedures must sometimes be altered, however,
when measuring these streams. The four most
common circumstances are;

1. Possible to sound, but weight and meter
drift downstream.

2. Not possible to sound, but a standard
cross section is available.

3. Not possible to sound, and a standard
cross section is not available.

4. Not possible to put the meter in the water.

Procedures are described below for use during
measurements made under these conditions.
The procedures for items 2, 3, and 4 are
used where there is a stable cross section.
The procedure to be used in unstable channels
must be determined by conditions at each
location.

Possible to sound; weight and meter drift downstream

Where it is possible to sound but the weight
and meter drift downstream, the depths
measured by the usual methods are too
large. (See fig. 65.) The correction for this
error has two parts, the air correction and the
wet-line correction. The air correction is shown
in figure 65 as the distance cd. The wet-line
correction in figure 65 is shown as the difference
between the wet-line depth de and the vertical
depth dg.

As shown in figure 65, the air correction
depends on the vertical angle P and the
distance ab. The correction is computed as
follows:

ab=ac

P_ab_ ab  ab
008 =04 acted abtod

ab
ab—{—cb—(T-—OS P
ab . 11 ,
Cd:cos P—ab—ab [cos P 1] (3)

The air correction for even-numbered angles
between 4° and 36° and vertical lengths be-
tween 10 and 100 feet is shown in table 4. The
correction is applied to the nearest tenth of a
foot; hundredths are given to aid in inter-
polation.

The air correction may be nearly eliminated
by using tags at selected intervals on the
sounding line and using the tags to refer to
the water surface. This practice is almost
equivalent to moving the reel to a position
just above the water surface.
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Figure 65.—Position of sounding weisht and line in deep,
swift water.

The correction for excess length of line below
the water surface is obtained by using an ele-
mentary principle of mechanics. If a known
horizontal force is applied to a weight sus-
pended on a cord, the cord takes a position of
rest at some angle with the vertical, and the
tangent of the vertical angle of the cord is
equal to the horizontal force divided by the
vertical force owing to the weight. If several
additional horizontal and vertical forces are
applied to the cord, the tangent of the angle in
the cord above any point is equal to a summa-
tion of the horizontal forces below that point,
divided by the summation of the vertical
forces below the point.

The distribution of total horizontal drag on
the sounding line is in accordance with the
variation of velocity with depth. The excess in
length of the curved line over the vertical
depth is the sum of the products of each tenth of

1
depth and the function ( ——1) of the cor-
cos P

responding angles derived for each tenth of
depth by means of the tangent relation of the
forces acting below any point.

The wet-line correction for even-numbered
angles between 4° and 36° and wet-line depths
between 10 and 100 feet is shown in table 5.
The correction is applied to the nearest tenth of
a foot. The wet-line correction cannot be
determined until the air correction has been
deducted from the observed depth.

The following points concerning the wet-line
correction should be kept in mind:

1. The weight will go to the bottom despite the
force of the current.

2. The sounding is made when the weight is at
the bottom but entirely supported by the
line. '
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Table 4.—Auir-correction table, giving difference, in feet, between vertical length and slant length of sounding line above water
surface for selected vertical angles

Vertical Vertical angle of sounding line at protractor Vertical

length length

(feet) 4° 6° 8° 10° 12° 14° 16° 18° 20° 22° 24° 26° 28° 30° 32° 34° 36°  (feet)
0.22 0.31 0.40 0.51 0.64 079 0.95 1.13 1.33 1.55 179 2.06 2.36 10
.27 .37 .48 .62 77 .94 114 L3 L5 1.8 215 247 2.83 12
31 .43 .56 .72 .90 110 132 158 1.8 217 251 2.8 3.30 14
36 .49 64 .82 1.03 1.2 151 1.8 212 248 2.87 330 3.78 16
40 .65 73 .93 116 141 L7 203 2.39 278 3.23 371 4.2 18
.45 .61 .81 103 128 1.57 1.8 225 265 3.00 3.58 412 472 20
.49 .67 .80 113 141 173 208 248 292 3.40 3.94 4.54 519 22
.54 .73 297 124 154 1.8 227 270 3.18 3.71 4.30 4.95 567 24
.58 .80 1.05 1.34 1.67 204 246 293 3.45 4.02 4.66 536 6.14 26
.63 .86 113 1.4 1.80 220 265 315 3.71 4.33 502 577 661 28
67 .92 121 L5 193 236 28 333 3.98 464 538 610 7.08 30
.71 .98 1.29 1.65 206 251 303 360 424 4.95 573 6.60 7.5 32
.76 104 1.37 175 218 267 3.22 3.8 451 52 609 7.01 803 34
.80 110 1.45 1.8 231 2.8 341 4.05 4.77 557 6.45 7.42 8.50 38
.86 1.16 1.53 1.96 2.44 298 3.60 4.28 504 58 6.81 7.84 897 38
.89 1.22 1.61 206 257 314 379 450 630 619 717 8.25 9.44 40
S04 129 1.69 216 270 3.30 3.97 4.73 557 6.50 7.53 8.66 9.91 42
.98 135 1.77 226 282 346 416 4.95 58 6.81 7.8 9.07 10.39 44
.03 1.41 1.8 237 295 361 435 618 610 7.12 824 9.49 10.86 46
107 1.47 193 247 3.08 3.77 4564 540 6.36 7.43 860 9.90 11.33 48
L12 153 202 257 3.21 393 473 563 663 7.74 8.96 10.31 11,80 50
116 159 2,10 2.68 3.3¢ 4.08 4.92 58 6.8 804 0.32 10.72 12.28 52
121 1.65 218 278 3.47 424 511 608 7.16 835 9.68 11.14 12.75 54
125 1.71 226 2.8 3.59 440 530 6.31 7.42 8.66 10.03 11.56 13.22 56
1.30 178 2.34 298 372 455 549 6.53 7.69 897 10.39 11.96 13.69 58
1.34 1.84 242 3.09 3.8 471 568 676 7.95 9.28 10.75 12.37 14.16 60
1.39 1.90 250 3.19 3.98 4.87 587 6.98 822 9.59 11.11 12.79 14.64 62
1.43 1.96 2.58 329 411 503 6.06 7.21 848 9.90 11.47 13.20 15.11 64
1.47 202 2.66 3.40 4.24 518 6.25 7.43 8.75 10.21 11.83 13.61 15.58 66
1.52 208 274 3.50 436 534 644 7.66 9.0l 10.52 12.18 14.02 16.05 68
1.56 2.14 2.82 3.60 4.49 550 6.62 7.88 9,28 10.83 12.54¢ 14.44 16,52 70
1.61 220 29 371 462 565 6.8 811 955 11.14 12,90 14.85 17.00 72
165 227 298 381 4.7 581 700 833 9.81 11.45 13.26 156.26 17.47 74
1.70 2.33 3.06 391 48 6597 7.19 856 10.08 11.76 13.62 15.67 17.94 76
174 239 314 401 501 613 7.38 878 10.3¢ 12,07 13.98 16.09 18.41 78
1.79 245 3.22 412 513 6.28 7.57 9,01 10.61 12.38 14.33 16.50 18.89 80
1.8 251 330 4.22 526 644 776 9.23 10.87 12.69 14.69 16.91 19.36 82
1.88 2,57 3.39 4.32 539 6.60 7.95 9.46 11.14 12.99 15,05 17.32 19.83 84
192 263 3.47 4.43 552 6.76 814 9.68 11.40 13.30 15.41 17.73 20.30 86
197 2.69 3.56 4.5683 565 6.91 833 9.91 11.67 13.61 15,77 18.16 20.77 88
2,00 2.75 3.63 4.63 578 7.07 852 10.13 11.93 13.92 16.13 18.56 21.25 90
2.06 2.8 371 473 59 7.22 871 10.36 12.20 14.23 16.48 18.97 21.72 92
2.10 2.8 379 4.8 6.03 7.38 8.90 10.58 12.46 14.54 16.84 19.38 22.19 94
214 294 3.87 494 616 7.54 9.09 10.81 12,73 14.85 17.20 19.80 22.66 96
2,19 3.00 3.95 504 6.29 7.70 9.27 11.03 12,99 1516 17.56 20.21 23.13 98
2,23 3.06 4.03 5.15 6.42 7.8 9.46 11.26 13.26 15.47 17.92 20.62 23.61 100
3. Drag on the streamlined weight in the If the horizontal angle of the direction of

sounding position is neglected.

4. The table is general and can be used for any
size sounding weight or line, provided
they are designed to offer little resistance
to the current.

If the direction of flow is not perpendicular
to the measuring section, the angle in the
measuring line as indicated by the protractor
will be less than the actual angle in the line.
The air correction and wet-line correction will
then be too small. To correct for this the
horizontal angle between the direction of
flow and a perpendicular to the measuring
section is measured by using a protractor or by
determining the horizontal angle coefficient as
described on page 38.

flow may be called H, the measured vertical
angle P, and the actual vertical angle X, the
relation between the angles is expressed by the
formula,

tan P

Table 6 gives the amounts in tenths of degrees
to be added to observed vertical angles to
obtain the actual vertical angles for a range of
horizontal angles between 8° and 28°.

The conditions that cause error in sounding
the depth also cause error in placing of the
meter at selected depths.

The correction tables are not strictly ap-
plicable to the problem of placing the meter
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Table 5.—~Wet-line table, giving difference, in feet, between wet-line length and vertical depth for selected vertical angles

Wet-line Vertical angle of sounding line at protractor Wet-line
length, in feet length, in
4° 6° 8° 10° 12° 14° 16° 18° 20° 22° 24°  26° 28° 30° 32° 34° 36° feet

001 002 003 005 007 010 013 016 0.20 0.25 0.30 035 041 047 0.5¢4 0.62 0.70 10
.01 .02 .04 .06 .00 .12 .15 .20 .24 .30 .36 .42 .49 .87 65 .74 .84 12
.01 .02 .04 07 .10 .14 .18 .23 .29 .35 .41 .49 .67 .66 76 .87 .98 14
.00 .03 .05 .08 .12 .16 .20 .26 .33 .40 .47 .56 .65 .76 87 .99 112 16
.01 .03 . 06 09 13 .18 .23 .30 .37 .45 .53 .63 .73 .85 98 112 1.26 18
.01 .03 .06 10 .14 .20 .26 .33 .41 .50 .08 .70 .82 .94 109 1.24 1.40 20
.01 .04 .07 .11 .16 .22 .28 .36 .45 .55 .65 W77 .90 104 120 1.36 1.54 22
.01 .04 .08 .12 .17 . .31 .39 .49 .60 .7 .84 ° .08 113 131 1.49 1.68 24
.02 .04 .08 13 .19 .25 .33 .43 .53 .64 .77 .91 106 1.23 141 L6l 1.81 26
.02 .04 .09 14 .20 .27 .36 .46 .57 .69 .83 .98 114 132 152 1.74 195 28
.02 .08 10 .15 22 .29 .38 .49 .61 .74 .89 105 122 142 163 1.86 200 30
. .02 .05 10 .16 23 .31 .41 .52 .65 .79 .95 L12 131 161 174 1.98 2.23 32
.02 .05 11 .17 24 .33 .44 . .69 .84 101 119 1.39 160 1.8 211 2.37 34
.02 .06 12 .18 26 .35 .46 .13 .89 107 1.26 147 170 196 2.23 251 36
.02 .06 12 .19 27 .37 .49 .78 .94 112 1.33 1.55 179 207 236 265 38
.02 .06 13 .20 .20 .39 .51 .82 .99 118 1.40 1.63 1.89 2.18 248 279 40
.03 .07 .13 .21 .30 .41 .54 .86 1.04 124 1.47 171 198 228 2.60 293 42
.03 .07 .14 .22 .32 .43 .56 .80 1.09 130 1.54 180 2.08 239 273 3.07 44
.03 .07 .15 .23 .33 .45 .59 .94 114 136 1.61 18 217 250 2.8 3.21 46
.03 .08 .15 .24 .35 .47 .61 .98 119 1,42 1.68 196 227 261 298 3.35 48
.03 .08 .16 .25 .36 .49 .64 1,02 1.24 148 175 204 236 272 3.10 3.49 50
.03 .08 .17 .26 .37 .51 .67 1.06 1.29 1.54 1.8 212 245 28 3.22 3.63 52
.03 .09 .17 .27 .39 - .53 .69 1.10 1.3¢ 1.60 1.80 220 255 294 336 3.77 54
.03 .09 .18 .28 .40 .ob .72 .14 1.39 166 1.96 228 264 3.06 3.47 3.91 56
.03 .09 .19 .29 .42 57 .74 1,18 1.4 172 203 237 274 3.16 3.60 4.05 58
.04 10 .19 .30 .43 .59 77 . 1.22 1.49 178 210 245 283 3.26 3.72 419 60
.04 10 .20 .31 .45 .61 .79 L 1,26 1.54 1,84 217 253 293 3.37 3.84 433 62
.04 10 .20 .32 .46 .63 .82 L 1.31 159 1.80 2.24 2,61 302 3.48 3.97 4.47 64
.04 11 .21 .33 .48 .65 .84 1. 1.35 1.64 1,95 231 260 3.12 3.5 400 4.61 66
.04 i1 .22 .34 .49 .67 .87 1L 1,30 1.69 201 238 2.77 3.21 3.7 422 475 68
.04 11 .22 .85 .50 .68 .90 1. 1.43 174 207 245 28 3.30 3.8 434 4.8 7
.04 .12 .23 .36 .52 .7 .92 1 1.47 1.79 2.13 2.52 2.94 3.40 3.92 4.46 5.03 72
.04 12 .24 .87 .53 .73 95 L 1,51 1.84 219 259 3.02 349 403 45 o.17 74
.05 12 .24 .88 .55 .74 .07 1.25 1.55 1.88 2,25 266 3.10 3.59 413 471 530 76
.05 12 .25 .39 .56 .76 1,00 1.28 1.9 1.93 231 273 3.18 3.68 4.24 4.84 544 78
.05 .13 .25 .40 .58 .78 1.02 1.31 1,63 198 237 28 3.2 3.7 435 496 558 30
.05 .13 .26 .41 .59 .80 105 1.34 1.67 2.03 2.43 2.87 3.35 3.87 4.4 508 572 82
.05 .13 .27 .42 .60 .82 1,08 1.38 1.71 208 249 294 343 3.96 457 521 586 84
.05 .14 .28 .43 .62 .84 110 L4 175 213 255 301 3.51 406 468 533 6.00 86
.05 .14 .28 44 .63 .86 L13 1.4 1.8 218 260 308 35 415 479 546 6.14 88
.05 .14 .29 .45 .65 .88 115 1.48 1.8 223 266 315 3.67 425 490 55 6.28 90
.06 .15 .29 .46 . 66 .90 118 1.51 1.8 228 272 3.22 3.7 434 500 5.7 6.42 92
.06 .15 .30 .47 .68 .92 1,20 154 192 233 278 329 38 44 511 58 656 94
06 .15 .31 .48 .69 .94 1.23 157 196 238 2.8 336 3.92 453 522 595 6.70 96
.06 16 .31 49 .71 .96 1.25 1.61 200 243 290 3.43 400 463 633 6.08 6.84 98
.06 .16 .32 50 .72 98 1.28 1.64 204 248 296 3.50 408 472 544 6.20 6.98 100

Table 6.—Degrees to be added to observed angles to obtain actual vertical angles

Observed vertical angle

Horizontal angle
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because of the increased pressure placed on the
sounding weight by higher velocities when it is
raised from the streambed. A meter placed in
deep, swift water by the ordinary methods for
observations at selected percentages of the
depth will be too high in the water. The use of

tables 4 and 5 will tend to eliminate this error
in placement of the meter, and although not
strictly applicable, their use for this purpose
has become general.

For the 0.2-depth position, the curvature
of the wet line is assumed to be negligible and
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tan p=

Figure 66.—Sketch of geometry of relationship of actual to measured
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vertical angle when flow direction is not normal to measuting section.

the length of sounding line from the apex of the

vertical angle to the weight is considered s depth.

straight line. The method used to place the

meter at the 0.2-depth position is:

1. Compute the 0.2 value of the vertica

51

2. Lower the meter this depth into the water
and read the vertical angle.
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3. Obtain the air correction from table 4.
The vertical length used to obtain the
alr correction is the sum of 0.2 of the
vertical depth, of the distance the apex
of the angle is above water, and of the
distance the meter is above the bottom
of the weight.

4. Let out an additional amount of line equal
to the air correction.

5. If the angle increases appreciably when the
additional line is let out, let out more
line until the total additional line, the
angle, and the vertical distance are in
agreement with figures in the air-correction
table.

To place the meter at the 0.8-depth position,
a correction to the amount of line reeled in
must be made for the difference, if any, between
the air correction for the sounding position
and that for the 0.8-depth position. This
difference is designated as m in table 7. f
the angle increases for the 0.8-depth position,
the meter must be lowered; if it decreases,
the meter must be raised.

For the 0.8-depth position of the meter, the
wet-line correction may require consideration if.
the depths are more than 40 feet and if the
change in vertical angle is more than 5 percent.
If the vertical angle remains the same or de-
creases, the wet-line correction (table 5) for the
0.8-depth position is less than the wet-line cor-
rection for the sounding position by some differ-
ence designated as n in table 7. If the vertical
angle increases, the difference in correction n
diminishes until the increase in angle is about
10 percent; for greater increases in angle, the
difference between corrections increases also.
Table 7 summarizes the effect on air and wet-
line corrections caused by raising the meter

from the sounding position to the 0.8-depth
position.

For slight changes in the vertical angle,
because of the differences m and n in the air
and wet-line corrections, the adjustments to
the wet-line length of the 0.8-depth position are
small and usually can be ignored. Table 7
indicates that the meter may be placed a little
too deep if the adjustments are not made.
Because of this possibility, the wet-line depth
instead of the vertical depth is sometimes used
as the basis for computing the 0.8-depth position
with no adjustments for the differences m and n.

Not possible to sound; standard cross section available

When it is not possible to sound the bottom
but a standard cross section is available, the
procedure to follow is:

1. Determine the depths from the standard
cross section,

. Measure the velocity at 0.2 of the depth.

. Determine coefficients to adjust the 0.2-
depth velocity -to mean velocity on the
basis of previous measurements at the
site by the two-point method.

. Compute the measurement in the normal
manner using the depths from the standard
cross section and the velocities measured.

W N

S

The coefficient is then applied to the com-
puted discharge.

Not possible to sound; standard cross section not available

When it is not possible to sound and a
standard cross section is not available, the
procedure to follow is:

1. Refer the water-surface elevation before
and after the measurement to an elevation
reference point on a bridge, on a driven
stake, or on a tree at the water’s edge.

Table 7.—Summary table for setting the meter at 0.8-depth position in deep, swift streams

Air correction

Wet-line correction

Change in vertical angle
Direction of change

Correction to meter position

Direction of change Correction to meter position

None___.____________ None______________ None_ . ____ Decrease_ _________. Raise meter the
distance n.
Decrease.____________ Decrease_ _.._______ Raise meter the —  _____ do___.__._____.. Do.
distance m.
Increase__ .. _________ Increase____________ Lower meter the Decrease, then ®
distance m. increase.

1 Raise meter the distance n unless the increase in angle is greater than about 10 percent, then it is necessary to lower the meter the distance n.

S
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2. Estimate the depth and observe the velocity
at 0.2 of the estimated depth. The meter
should be at least 2.0 feet below the water
surface. Record in the notes the actual
depth the meter was placed below the
water surface. If an estimate of the depthis
impossible, place the meter 2.0 feet below
the water surface and observe the velocity
there.

3. Make a complete measurement at a lower
stage, including some vertical-velocity
curves.

4. Use the complete measurement and differ-
ence in stage between the two measure-
ments to determine the cross section of the
first measurement. To determine whether
the streambed has shifted, the cross section
should be compared with one taken for a
previous measurement at that site.

5. Use vertical-velocity curves or the relation-
ship between mean velocity and 0.2-depth
velocity to adjust the velocities observed
in step 2 to mean velocity.

6. Compute the measurement in the normal
manner using the depths from step 4 and
the velocitie$ from step 5.

Not possible to put meter in water

If it is impossible to keep the weight and
meter in the water, the procedure to follow is:

1. Repeat step 1 for conditions when it is not
possible to sound the bottom and a
standard cross section is not available.

2. Measure surface velocities by timing floating
drift, or by use of an optical flowmeter.

3. Repeat steps 3-6 for conditions when it is
not possible to sound the bottom and a
standard cross section is not available.

An optical flowmeter has been described by
Smith (1961). It is portable, battery operated,
and requires no great skill for quick and ac-
curate readings of the surface rate of flow. It is
not immersed, so it does not disturb the flow,
and it is in no danger of damage from floating
debris or ice.

It is well to note that just after the crest,
the amount of floating drift or ice is usually
greatly reduced, and it may be possible to
obtain velocity observations with a current
meter.

Measurements during rapidly changing stage

During periods of rapidly changing stage,
measurements should be made as quickly as
possible to keep the change in stage to a mini-
mum. This speed will minimize errors caused
by shifting of flow patterns as the stage changes.
The procedure to follow to speed up a measure-
ment is:

1. Use the 0.6-depth method. The 0.2-depth
method or the subsurface method could
be used if placing the meter at the 0.6
depth creates vertical angles requiring
time consuming corrections, or if the
vertical angle increases because of drift
collecting on the sounding line.

2. Reduce the velocity observation time to
about 20-30 seconds.

3. Reduce the number of sections taken to
about 15-18.

By incorporating all three of the above
practices a measurement can be made in 15-20
minutes. If the subsurface method for observing
velocities is used, then some vertical-velocity
curves will be needed later to establish co-
efficients to convert observed velocity to mean
velocity.

Carter and Anderson (1963) have shown that
discharge measurements having 30 sections and
using the two-point method of observation
with a 45-second period of observation will have
a standard error of 2.2 percent. This means that
two-thirds of the measurements made using
this procedure would be in error by 2.2 percent
or less. They have also shown that the standard
error for a 25-second period of observation and
using the 0.6-depth method of velocity obser-
vations with depth and velocity observed at
16 sections is 4.2 percent. The error caused by
using the shortcut method is generally less
than the error that can be expected by shifting
of flow patterns during periods of rapidly
changing stage.

Series of measurements during a peak of short
duration

The procedure to follow if a series of meas-
urements is wanted during a peak of short
duration is:

1. Take about 10 sections.
2. Take velocity observations at 0.6 depth.
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3. Repeat velocity and depth observations at
the same 10 sections with corresponding
stages as often as possible throughout the
period of the flood wave.

4. Develop stage-velocity and stage-area curves
for each of the 10 sections.

5. Compute the discharge corresponding to
selected stages by summation of the
partial discharges from the curves thus

defined.

Mean gage height of discharge measurements

The mean gage height of a discharge measure-
ment represents the mean height of the stream
during the period the measurement was made
and is referred to the datum of the gaging
station.

The mean gage height for a discharge
measurement is one of the coordinates used in
plotting the measurements to establish the
stage-discharge relation, often called the rating
curve. An accurate determination of the mean
gage height is therefore as important as an
accurate measurement of the discharge to
define the stage-discharge relationship.

The computation of the mean gage height
presents no problem when the change in stage
is 0.1 foot or less, for then the mean may be
obtained by inspection. However, measure-
ments must sometimes be made during floods
or regulation regardless of how rapidly stage
changes.

To obtain an accurate mean gage height, the
gage must be read before and after the dis-
charge measurement, and the recorder chart
must be read at breaks in the slope of the gage-
height graph during the measurement. If the
station is equipped with a digital recorder, the
gage-height readings punched during the
measurement are to be read. At nonrecording
stations the only way to obtain intermediate
readings is for the stream gager to stop during
the measurement once or twice to read the

gage, or to have someone else do this for him.
If the change in stage is greater than 0.1

foot, the mean is obtained by weighting the
gage-height readings rather than by inspection
of the available readings.

The mean gage heights during periods of
constant slope of the gage-height graph and
the corresponding measured partial discharges

are used to compute the mean gage height of
- the measurement. The formula used is:

H___Q1h1+Q2hz+qsha ......... +q.h,

®)
in which
H=mean gage height, in feet,
@=total discharge measured, in
cubic feet per second=

a+qete. o ... +qa

¢, G2, @3, . - . ¢n=amount of discharged meas-
ured during time interval
1,2,3,. . . n,in cubic

feet per second,
hiy hey hsy . . . h,=average gage height during
time interval 1, 2, 3,

. n, in feet.

Figure 67 shows the computation of a
weighted mean gage height. The graph at the
bottom is a reproduction of the gage-height
graph during the discharge measurement. The
discharges are taken from the current-meter
measurement shown in figure 2. The upper
computation of the mean gage height in figure
67 shows the computation using the given
formula. The lower computation has been done
by a shortcut method to eliminate the multi-
plication of large numbers. In this method,
after the average gage height for each time
interval has been computed, a base gage height,
which is usually equal to the lowest average
gage height, is chosen. Then, the difference
between the base gage height and the average
gage heights is used to weight the discharges.
When the mean difference has been computed,
the base gage height is added to it.

If a discharge measurement is made at a
distance from the gage during a change in
stage, the discharge passing the gage during
the measurement will not be the same as the
discharge at the measuring section because of
the effects of channel storage between the
measuring section and the gage.

Adjustment is made for channel storage by
applying to the measured discharge a quantity
obtained by multiplying the channel surface
area by the average rate of change in stage in
the reach. The formula is:

QG:Qm:i:WL 2—?’ (6)
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