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METHODS OF DISCHARGE MRASURKMEMTS
OF STREAMS,

I, The description of methods employed in gauging streams.

The method of determining the discharge of large streams is that
in which the area of cross section is multiplied by the velocity per.
sec. of the water passing through the section,

The velocity can be measured by the following methods:

1. By floats, 2. Current Meters. 3. Pltots tube. 4. Can be
determined by use of Kutter's formula,.

The method of using floats is not very accurate and i1s used only
when circumstances do not permit the use of a current meter, This
requires the sight to be on a straight reach from 100 ft, to 300 ft,
long and to have a fairly uniform crosslsection. The flow of water
should be regular and free frow eddies and cross currents. The area of
cross section of the upver and lower ends should be carefully determined
by soundings taken at right angles t¢ the axis of tne stream. If the

stream is not too wide the soundings in a crosssectian w”can be taken
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other weans. On very large rivers where tagged eres Pannot be used the
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boat from which the soundings are taken should bp 1ocated by triangula-

tion or stadia. The soundings snould be taken at squal di%tanoes apart,
which is generally 10 ft.

There are three kinds of floats used, surface floats, double floats,

and rod floats.
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Surface floats are small balls or pieces of wood so colored and
weighted as to be readily seen, and still be little affected by the wind,
These are allewed to float with the current in different parts of the
width of the stream., The time of their passage over a given distance is
determined by two observers at the ends of a hase on shore by stop
watches; or if one watch is used, the instant of passing each section
being simnalled to the time keeper.
Let V - velocity of float per.sec.
t - time in passage in sec.
1 - length of the base,
Then V - 1/t

Deuble floats consist of two floats. A small surface float, which
is lighter than water, 1is connected by a fine wire or chain to a large
float, which is weighted s0 as to remain submerged and to keep the chain
taut. The surface float should be of such a form as to offer but little
regsistance to the motion, while the lower float is largé?f t being the

object of the combination to determine the velocity:&f“ he 1der float

alone, ’
Tet v = velocity of double float

Vo= mean surface velocity
V = yelocity of leower float.

/
Then V=27V - Vo

e ar . am o .

The rod float is a hollow cylindrical rod, of adjustable length,
weighted to float uvright with the top just visible. Its observed veloci-

ty is assumed toc be an average of the velocities of all the filiments



lying between the ends of the rod,

The method of using current meter is the most convenient and by far
the most accurate method for determining the velocity of streams., The
mean velocity can be determined in three ways: |

1. By making point measurements at a depth corresponding to the
approximate position of the thread of mean velocity,

2. By deducting the mean velccity from observations frow other
points made in the same vertical,

3. By integration method,

It has been determined by experiment that the position of fthe thread
of mean velocity in a vertical section occurs at a depth varying from
5/10 to 2/3 of the total section measured, from the surface of the water

down.
In multiple measurements tnhe following methods Aare used:

1., Observation at top and hottfon. 2. Observations at mid-depth.
3. Observations at various points in a vertical.
4. Observations of surface velocity,. Sm

In the first method the measurements are made 1n each vertical just

'
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The second method consists in making measurelunfs an medn depth and
the mean velocity is obtained by taking 95p of thi . This method is not
at all satisfactory as the veloclity at mid-depth does not bear a constant

relation to mean velocity,

The third method is t0 make measurements at regular intervals in a
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vertical, plotting the velocity on cross section paper., The mean velocity
is determined by dividing the area,inclosed by the curve, by the total
depth. This is the most accurate of the four methods.

In the fourth method the measurement of surface velocities is very
often the only method that can he used, as in streams where the velocity
is so very great that it 1s impossible to lower the current meter to main-
tain its position at the desired depth. The mean velocity is deducted
from the surface velocity by multiplying it by a factor. When the sur-
face velocity is the maximum veloncity the factor should be 0.8, If the
maximum velocity occurs lower down, a factor of 0.2 to 1.0 should he
used to obtain the mean velocity.

Integration method is hy moving the current meter uniformly in a

vertical line from the surface of the water to the hottom, and vice-versa
The velocity is integrated mechanically, and the mem velocity is cou-
puted by noting the time and the number of up and down movements made.

The vertical motion of the meter must be slow enough and uniform to
prevent the errors in the resultant velocitiss, due to the up and down
motion of the meter,.

Pitot's tube is an instrument for measuring the velocity of a current
by the velocity head which it will produce. In its simplest form it con-
sists of a hent glass tube, the mouth of which is submerged and is placed
so as to face the current., The water then rises in the tube a distance
"h" above the surface of the flowing strean, and the velocity is approx-
imately equal to VE§ZT

The advantage of this instrument is that no time observation is
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necessary. The chief disadvantage is that "h"™ 1s si small that errors
are liable to be made in determining its value,
The velocity can also be computed by Xutter's formula, by measuring
the slope of the surface, the cross section of the stream, and a knowledge

of the roughness of the bottom and sides of the stream. The formula is
Ty

;
{
}

as follows: {w 41.64-1.8114-.00281
Vo n s
! 00281 m L
i. 14-(41.64- S ) E%

V - velocity in ft. per. sec,

RS

S - surface slove - h/1; h - fall in dist.1.
R - hydraulic radius

R - PAY

F - Area of cross section

W - wetted perimeter

N

ratio whose value varies from 0,000 for well planed wooden
channel to 0,035 for channel with rough bhottom and sides. This formula

will apply to streams of all sizes. The disadvantage of this method is

P ke p—, -

The most convenient way of precise measuring the discharge of small
streams is by means of a weir builf for that purpose, or &a good masonry
daiz. In this the conditions are rarely the same in any two cases and no
fixed rule can he laid down for all cases, but must be governed by local
conditions. In this method the discharge is computed by empirical formuls

which vary with the kind of dam or weir, by observing the head on the wier

In the selecting of a site for a gauging station it is necessary %0

obtain a straight portion of the chanmel which has a narrow cross sec-
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tion and high banks on either side whicn are not likely to overflow and
to be free from obstruction. It is desirable to place gauge low enough
80 there will be no minus readings. The gauée is read every day so as to
get material for comvuting the discharge. The most common form cf

gauges consist of well seasoned timber, the usual size being about 4" x 2
and high enough so the toy of gauge will not be submerged during high
water. These gauges are eitmer vertical or inclined along the bhank., The
rods are graduated to feet and tenths, the graduation being put on so it
will not wash off. A gccd form is to use hrass tacks, or paint the gauge.
The gaunge shouzld be set near the bawnk fnr convenience of the reader and
also so it can be securely fastened. The gauge shoild be referred to
some permanent bench mark on shore.

Stream measurements can he made; (1) by means of a boat which is
menaged by a wire stretched from shore to shors. (25 They can he taken
from a bridge. (5) By means of a wire cable from which is suspended &
box, large enough for twe men, which is run in either direction by
means of pulley wheels.

[ flt, 5 0,.0.0, 0 ;
&G 0% & &l bl
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IT. Accuracy of Stream Measurements,
The chief factors controlling the acciiracy of stream measurements
are: 1lst. ZErrors in obtaining the cross section; 2nd, Errors in obtain-
ing the velocity of the current; 3rd. Frrors due to flunctuations of
surface height during a gauging; 4th. Errors due to condition of instru-

ment. »
The errors in obtaining the crosa section are not difficult to keep

within limits of desirable accuracy. The chisef error being in the taking
of the soundinazs, and assuming that the hottom of the section is a

straight line between points of soundinas. The error in taking the dis-
tance between sounding points being extremely sicall where 1t is possible
to stretch a wire or cable across the stream or where the measurements
are taken from a hridge. 7“hen the cross section sounding ave located
by transit, sextant, or similar means, it ie¢ difficult to get all sound-
ings in a line at risht angles to the current, especially if the current
is very swift, also the distance between soundings will be less accurate,

The ~e are numerous conditions which tend to introduce errors into tre
determination of the velocity of the current. The current is found to
vary at different depths, heing slowey under most circumstances , near
the top and near the bottom, than at intermediate points. Tikewise the
velocity of the current is greater at the center than near the shore,
except at bends.in the channel or where there is some obstruction in the
channel to deflect it,

Aside from these variations of the current, there are observed to

be vertical and cross €urreants, woich give the water a kind of boiling

effect; also causing small whirls a~d giving some water a relatively up
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stream motion, and under certain conditions, may give, near the shore, an
absclute velocity up streamn.
It is also found that the forward velocity at any point is not con-

stant, but is constantly varying, there being a kind of pulsating effect,
being at times a diminution of velocity, which is followed by an in-
crease,etc. When the current hecoumes moderately swift, the effect of
this pulsation and of the vertical and cross current becomes very evi-
dent to the eve,

The physical features of the bottom near the section where the
cbservations are taken, has éonsiderable to do with the accuracy of the
measurements, as an uneven bottom will cause an increase in the magnitude
of the vertical currents, and any hend in the channel will cause cross
currents. It is therefore desirabhle to lccate the gauging station on
a straight stretch in the river, and where the bottom is comparatively
even and free frow bhoulders, snags, and other obstructions,

The scouring of the bottom and shifting of gravel and sand are
liable to cause considerable change in shape and size of chanmel and
consequently the relation of gauge reading to discharge will be changed.

If discharge measurements a~e taken at times when the stream is
rising or falling rapidly, there will be a considerahle variance in the
velocity of the water, due to the change in sectional area.

Accuracy of different methods of determininz velocity of current,

The use cf surface floats is not desirable except when it is impossible

to use other methods, or as a rough check on some other measurements.
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The difficulty with surface floats are that they are affected by
"the wind, &nd at best show only the surface velocity of the water upon

which they float, this may be owing to the pulsation effect, considerably

[
.

faster or slower than the average surface velocity.

Double fleats are less affected by wind, and the velocity being

a combination of that at the surface and at the lower float, which gives
more nearly an average; like the surface float, this method is subject
to errors due to pulsation.

Rod floats give more nearly an average of the veloecities at all
points in a vertical section, but this methed is alsc subject to the
same error as that of the double float.

There are numerous other methods for the measurements of current
velocity, but &all of them are subject to errors due to their manner of
operaticn, and it has been found by experience that a current meter of
revelving cups is the most convenient, and gives the most satisfactory
rasults,

The advantages c¢f the current meter over the other methods are very
marked, not only does it give an average velccity, at a given point for
a given time, thus eliminating the error that pulsation causes in other
methods, but the velocity at any desired depth can be obtained; or an
average for all depths may be ohtained by slowly moving the meter from
the top to the bottom and back a number of times. This mechanical i=n-

tegration may be carried still farther, by moving the meter slowly across

stream while moving it up and down, sc as t0 get the averapge of the whole

stream, The most accurate wethod of making discharge measurements with

meters is tec take sounding at frequent intervals on the section, and at
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these points obtain the velocity by means of several meters, strung
vertically one ahove another, at intervals of from 1 to 2 ft, using the
averagize o0f the velccities thus obtained.

It has been found from numerous experiments that for ordinary con-
diticns of stream hed,etc,, that the average velocity is found at very
close t¢ the points of six-tenths and three tenths the depths. For
measurements oOf streams of less than six feet in depth, it is found to be
sufficiently accurate to call the six-tenths of depth as the point of
averagse velocity, but for streams over six feet in denth it is best to
take the average of the velocity at both the six-tenths and three-tenths

points.

- me e e e v - e me b W a8 e e mm .

METHODS FOLLOWED IN MEASUREMENTS ON GASCONADE, BIA PINEY,

LITTLE PINEY, MERAMAC, NERAMAC SPRINGS, and DRY FORK RIVERS,

The same method was followed in all of these streams, that of
obtaining the velocity with a small Price current meter operated from
a boat. Before lccating a guaging station, the river in the vicinity of
the desired location, was carefully gone over in search of the best
rlace for this station. It being desired, if possible, to get a point
where the stream would be confined to cne comparatively narrow channel,
at all stages of the water, and where there was sufficient current to
operate the meter at the lowest stapges. It 1s also desirahble that the
chanmel be straight for some distance above, and the bottom be fairly
regular and free from boulders, snags, and other obstructions.

After & point for the station has been selected, a gauge is put in,

in such a manner as to he able to measure the height of the surface of
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the water above some datum plane at all stages of the river. The gauge
is then referenced to some permanent bench mark, Mext a wire 1s stretch-
ed across the river and tagged every ten feet .

The gauge being located, there is left to take the daily gauge
heights and frequent velocity measurements, getting the stream at nearly
all its stages. When sufficient data 1is nbtained, the discharge and
guage helsghts are plotted, using the gauge heights as ordinates and
the discharges as ahsissas. A curve is drawvn through these points and
the discharges for any gauge height is taken off the curve.

The form of notes kept, rating tables, and other notes and compu-

tations are attached.

Pa0,0.0,0,0.0.00 00,000 00
(Q.C(?!)( alelalal 'C((’Cf 2helelfolalinfolfele
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UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY
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UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY

RATING TABLE FOR STATION NO. e

for %@W River at W/W/// % _____

Constructed by ./6(7(&/_,% _____________ , Jrom discharge measurements number ———__to_.—— .

as shown on accompanying blank form 9—207, and also from soundings made at intervening dates,

s foZZoustd/(/\b _______ 7%_ Q/_L/ygr _____ @/v B

Discharge
| Difference.
Gage height.
Difference.
Gage height.
Discharge.
Difference
Gage height.
Discharge.
Difference.
Gage height.
Discharge. -
Difference.
Gage height.
Discharge.
Difference.
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PDEFARTVIENT OF THE INTERIOR

UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY

This table is applicable only fromy ... Qz/}/‘/_ ,,,,,,,,, ,

1 Gage height. ‘

3

05

10

.25

A5 s :
1Y I N
%3 DO R ;

.60

.63

O L

Discharge.
Difference.

Gage height.

R0 R

05

15

.60

.63

.75

.80

‘ Discharge,
Difference.

| Gage height.

25 [iiens

.80 |..

.35 |..

.80

.85

l Discharge.
Difference.

Discharge.

.35

40 ...

A5 foieenn

IO [N : .00

.05

.50

.60

............ .65

B

Discharge.
Difference

REMARKSs: .
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DEPARTMENT OF THE INTERIOR

UNITED STATES GEOLOGICAL SURVEY
DIVISION OF HYDROGRAPHY

Daily m ﬁ gage height and discharge in second-feet of_%&ym _______________________________ River,
5)}. _____________ _ § %0 . , for 1203 Drainage area, ..55_2_,2_ ,,,,,, sq. miles.
/"
%WW Observer, .. ___________ -
HNGARY | FEBRUARY | MAReH APRIL || MAY , JUNE ,
p W | Of_—,ﬁf_ lacy | i | ;
g jH(i,?gghet © Discharge ‘ i-IGe;iight Discharge “ :e?gfnt ‘ Discharge lfe?gst Discharge \‘; i-ﬁ;gglftl Discharge i H(Z?gg:t Discharge g
1. 44 |ymo P4 ge0 | e L Bea . lwte sern | | |1
2 43 | 200 B4 4#e0 ‘\Jo 260 /0.4 Jioo | 2
8 4z | 6o 51{ 46080 260 /0.8 f5o 8
4146 020 |38 | #2428 220 |27 sges 4
5 ‘_.‘9.5 %% 40 :517/; E e :14 220 : ?/d,é /320 5
6 |82 2810 87| 360 3o 260 : Ve | s250 || 6
T b |zst0 |3 360 3./ | 3oo | ey 2o B
8 74 | argo BAE| g0 4/ oo | o pes | s
9 b J970 (3B 410 ,.,13@,, 260 | /%4 sz | 9
10 S5 | /398 B8 420 &0 260 0.8 [sed | 10
N 49 | 200 2.3 420 lzguo*!_j /0.8 o0 R
12 48 ys0 38| 420 48 s60 /o8 seos | 12
18 45| 000 6./ 1790 28 | (6o | V28 AW~ 2 R
4 43 7aq,j‘FS,:Z,,,/éaa“._@.sé., #6o . P9 s> | 14
15 4/ | Boo |48 |1/ ;..-3,4; 560 : //,.s‘ 2370 |, ‘15
16 F0| yos H |fo00 |BS s00 | saa 2720 | 16
11 38 | 450 Ho | Tbo | S R 17
18 37 ! 572189 roo . - 18
19 37 | 57037 S40 . L/ #oo | I EE
20 &3 /375 57 [boo | (Y| F220 | 20
21 .5‘.9 1750 \jf,.s | fo00 ‘ & | #200 j 3 21
2 £3 | 90038 bso | | /¥ ¢¢zo: 22
23 45 | 700 57 S0 /4.9 #0120 123
2 45| ?oa,, ' $to | . 3.3 zsso 24
2% Az | 6o | 3/~/ Y60 _ /2.6 2950 J25
% 4o | 760 B3, #20 | /== 2650 | | %
2 54 | 450 28| 40 | Jio 2se0 27
8 36 | 560 3.2 3éo ] : /1S 2070 28
29 Zo so0 B4 | Foo . /S 2070 N 29
30 25 500 B,/ 360 | | B Jgo0 . . || |80
31 A4  #bo e | 3
Total, . | 1
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UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY

LisT oF DISCHARGE MEASUREMENTS

River at._....... &l TAA-
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY

LisT oF DISCHARGE MEASUREMENTS

;

Of - %/W»M—C/ ______________ /z;z ___________ Riéwer at ; A et Ak C »7/ Ze
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PEPARIMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY
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DEPARTWMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDROGRAPHY

- River at W- __________ ).

—-—

, from discharge measuwrements nwmber . to__ T

e \ s ¢ [ i [
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0-192. DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

DIVISION OF HYDBPGRAPHY ;
? 3 . d ‘
Daily mean gage height and discharge in second-feet of W River

AA2 2%0 ________ , for I.Q_Qé Drainage area, _2_;_0_? ..... $q. miles.
& - Observer, ..___ e
] c_ e ,&Mma.;&_ i
O | FEBRUARY /yagel APRIL T MAY i} JUNE ,
L Mot | /ql/lrl'/ /‘1 ] ‘ it , M
4 G?ge * Discharge ! Ggge 1 Discharge G{xge Discharge G?ge Discharge I Gage f Discharge | Gage ‘ Discharge <
; Height | ! Height | . Height Height . Height Height A
L feb| 05 07| 24007 75 | 38 smis | 1
2 43| 27 09| 240 07 175 81 /550 2
S L) 815 07 24007 (7 . . bk s4s0 | 3
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6 LS| A58 V0.8 204 2.6 zo0¥ R ,i:l,,34,g_l,/7f‘o,u 6
T 24| 490 | 0.F 204 |BF 204 | 139 /Bss T
8 2.6 #95 04| 204 |OE 204 | H#1 zz200| 8
9 I.A 412 0.9 240 1D.F 2o ¥ , A AEY Y 9
10 2./ 45 | OF 240 0.7 775 43 ases 10
11 2p| #2725 |\0.7! 240 0.7 /75 %2 s200|. 11
12 L8 soes |0F) 240 8.7 /75 S5/ 13300 | %6 s500 | 12
B 6| 440 | /I “22 0.7 y76 T4 Lice Yo 700 || 13
4 [ & sps | /S 422 0.9 240 9.4 8500 4/ 2050 14
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