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RIVER HYDRAULICS

VELOCITY-HEAD COEFFICIENTS IN OPEN CHANNELS

By Harry HuLsing, WincrELL SMiTh, and ErNEsT D. CoBB

ABSTRACT

This report presents the results of a detailed study of the velocity-head coeffi-
cient, alpha, in natural channels. It is based upon an analysis of point velocities
obtained from discharge measurements made by the multiple-point method or
by the two-point (0.2d/0.8d) method.

Computed values of alpha ranged from 1.03 to 4.70; the median value for
trapezoidal channels was 1.40. Variation in the horizontal distribution of
velocity is shown to have a greater effect on the value of alpha than variation in
the vertical.

For channels without overbank flow, a significant correlation is shown between
alpha and channel roughness, as expressed by Manning’s n; no significant corre-
lations were established with other channel or flow parameters. For channels
with overbank flow, a rational method of estimating alpha is presented, based on
Manning’s n and on channel conveyance, K.

INTRODUCTION
PURPOSE AND SCOPE

Measurement of discharge in open channels is performed routinely
by use of a current meter, but during flood periods, discharge fre-
quently must be determined by such indirect methods as slope area,
flow through culverts or bridges, and flow over dams. The hydraulic
formulas used in these methods require an evaluation of the kinetic
energy (velocity head) of the flowing water. This evaluation is based
on the mean velocity of flow. TUse of the mean velocity, however,
will always result in a computed value for kinetic energy that is too
low; to determine the true kinetic energy, a coefficient must be applied.
The derivation of the kinetic-energy coefficient, alpha, is explained
in the section ‘“Definition of Kinetic-Energy Coefficient.”

The purpose of this study is to provide a means whereby the
kinetic-energy coefficient can be evaluated on the basis of channel
cross-section parameters. The results presented herein are based on
an analysis of point velocities obtained from current-meter measure-
ments of discharge in streams and canals. The measured discharges
ranged from 1.1 cfs (cubic feet per second) to 636,000 cfs.

Ci1
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DEFINITION OF KINETIC-ENERGY COEFFICIENT

Streambed roughness, irregularity of channel-bank and bed con-
figuration, curved channel alinement, upstream obstructions, and
perhaps other factors cause the velocity in a given cross section of
a stream to vary from point to point. Because of this variation in
velocity, the velocity head, or the kinetic energy per pound of water,

2

is greater than the value computed from the expression, —2‘—75: where V'

is the mean velocity in the cross section. This is true because the

square of the average velocity is less than the weighted average of

the squares of the point velocities. The true velocity head may be
2

expressed as 52%-: where alpha is the energy-head coefficient, or

Coriolis coefficient, so named in honor of G. Coriolis, who first proposed

it in 1836.

The derivation of kinetic-energy coefficients is described in most
standard hydraulics texts. The following explanation is quoted from
Chow (1959, p. 28):

Let AA be an elementary area in a cross section 4, and w the unit weight of
water; then the weight of water passing A4 per unit time with a velocity v is

wvAA. The kinetic energy of water passing AA per unit time is we? %‘3— This
is equivalent to the produet of the weight wvAA and the velocity head 2—0—; The

total kinetic energy for the whole area is equal to Zw? Az—%

Now, taking the whole area as A, the mean velocity as V, and the correeted
3
velocity head for the whole area as « g} the total kinetic energy is adw ;ig

Equating this quantity with Sw? Az—%, and reducing:
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_J‘fﬁdaz Zp*Ad a)
*=Vi4 T Va4

SOURCES OF VELOCITY DATA

The basic data for this study consisted of point velocities obtained
from measurements of discharge in streams and canals throughout
the conterminous United States. In making a discharge measure-
ment, a cross section of the stream is first divided into about 25
subsections. The mean velocity in a vertical line in the center of
each subsection then is obtained, after which, the discharge in each
subsection is computed by multiplying each mean velocity by the area
of its respective subsection. The total discharge of the stream is then
obtained by summing these incremental discharges. The measure-
ments of width and depth required to obtain the area of a subsection
are straightforward. The mean velocity in each vertical can be
determined by several methods. Generally, either the two-point or
the one-point method is used; but if more precise definition is desired,
the multiple-point velocity method is used.

TWO-POINT (0.2d/0.8d) VELOCITY METHOD

The method most commonly used for determining mean velocity
in a vertical section is the two-point (0.2d/0.8d) method, which
requires that point velocities be obtained at points 0.2 and at 0.8 of
the stream depth below the water surface in each vertical. Distribu-
tion of the velocity in a vertical is usually parabolic and such that
the average of the velocities, measured at these two points, yields
the mean velocity in the vertical. A complete two-point discharge
measurement will include about 50 observations of point velocity.

ONE-POINT (0.6d) VELOCITY METHOD

In this method only one point velocity at 0.6 of the depth is obtained
at each vertical. Experience and theory demonstrate the velocity
at 0.6 depth is, on the average, a good measure of the mean velocity
in the vertical. This method will include about 25 point-velocity
observations in each discharge measurement.

MULTIPLE-POINT VELOCITY METHOD

In the multiple-point velocity method a series of velocity observa-
tions at points fairly evenly distributed between the water surface
223-866—66——2
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and the streambed is made in each vertical. This generally entails
point-velocity observations at each 0.1 of the depth, but if the stream
is deep enough, additional readings at the 0.05 and 0.95 depths are
obtained. Depth is a factor because the current meter, when sus-
pended on a cable above a sounding weight, can be placed no closer
to the streambed than the distance from the meter to the bottom of
the sounding weight. Furthermore, velocity observations are never
made with the meter placed within a few tenths of a foot of either the
water surface or streambed because the characteristics of the meter
are such that it does not measure point velocities accurately in those
circumstances. The mean velocity in the vertical is computed by
weighting each observed velocity in proportion to the vertical incre-
ment which it represents. A discharge measurement made by this
method will include about 250 point-velocity readings in the river
cross section.
COMPUTATION PROCEDURES

ARITHMETIC METHOD

The alpha coefficient can be computed by arithmetic integration of
equation 1. All that is needed is several point-velocity readings and
their respective incremental areas.

Each velocity is assumed to be applicable to the incremental area
surrounding it—that is, the area enclosed by boundaries one-half the
distance to the point velocity above and below it and to the right and
left of it (fig. 1). Accuracy of the computation increases correspond-
ingly with the number of point-velocity observations in the measure-
ment.

GRAPHIC METHOD

In the graphic method, point velocities are plotted on a diagram of
the stream cross section. Lines of equal velocity (isovels) are drawn,
and the area enclosed by adjacent isovels is determined. Alpha is
computed by applying equation 1, using the area between isovels
for A4, and the average of adjacent isovels for v.

The reliability of the graphic method is subjectively affected by the
manner in which isovels are drawn and by the magnitude of the selected
difference between adjacent isovels.

COMPUTER PROGRAM

Both the arithmetic-integration and graphic methods were tried,
using conventional office equipment. The graphic method proved to
be extremely slow and costly. More than 2 man-days per computa-
tion were required. The arithmetic method, using a desk calculator,
reduced this time by half; but with the quantity of data that needed
processing, even this method was too slow. The obvious approach
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9 = point-velocity
observation

and @ = T3 AA

v3ia
where A= ZAA

_ZvAA
V=7

Ficure 1.—Computation of alpha by arithmetic integration.

was to program the arithmetic-integration method on an electronic
computer. This was done for the Burroughs 220 computer.

The computer program was written so that alpha coefficients were
computed by use of point velocities and related incremental areas.
This resulted in the following computational procedures each of which
was dependent on the number of point observations made in the
vertical:

1. Eleven velocity observations in each vertical (multiple-point
velocity measurement).

2. Two velocity observations in each vertical (0.2d/0.8¢ measurement).

3. One velocity observation in each vertical (0.6d measurement).

From multiple-point velocity measurements three independent
alpha coefficients could be obtained, because such measurements
included observations at the 0.2d, 0.6d, and 0.8d. This is an im-
portant feature that will be discussed later in this report.

The decision was made to use an electronic computer, and the
project was consequently expanded to include not only the computation
of alpha coefficients but also the determination of various other
parameters that might be used in correlation and peripheral studies
of velocity distribution in natural channels. The computer was
programmed to determine the following items:

A Cross-sectional area.
a Alpha coefficient, based on multiple-point velocity observations.
ag.24/0.82 Alpha coefficient, based on velocity observations made at

0.2/0.8 depths in each subsection.
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o 6d Alpha coefficient, based on velocity observations made at
0.6 depth in each subsection.

B Stream width.

Cosa - + - Cousa  Velocity-profile coefficients; subseript indicates ratio of

observation depth to total depth, measured from the
water surface.

P Wetted perimeter.

Quy Voo Discharge and mean velocity, based on multiple-point
velocity observations.

Qo.240.88V 0.24/0.84 Discharge and mean velocity, based on veloeity observations
made at 0.2 and 0.8 depths in each subsection.

Q.60 Vo.0a Discharge and mean velocity, based on velocity observations
made at 0.6 depth in each subsection.

R Hydraulic radius.

X7 Coordinates of the centroid of flow, as measured from the

water surface and one bank.

Discharge measurements are very often made under conditions
where the flow is not perpendicular to the selected cross section.
To get the correct discharge, a horizontal-angle correction is applied
to the velocity at each vertical. This is satisfactory for discharge
computations, but where energy considerations are involved, the
application of the horizontal-angle correction results in an erroneous
evaluation of kinetic energy. For example, the kinetic energy for a
flow at some given stage and discharge in a uniformly shaped channel
has a unique value. Different values of mean velocity and alpha
would be computed if measurement cross sections at various angles
to the current were used, and if horizontal angle coefficients were
applied to the velocities. Because of the complications associated
with angularity of the current where variable horizontal angles are
present, discharge measurements that included skewed currents in
more than 10 percent of the subsections were excluded from this
study.

The computation procedure used with data obtained from multiple-
point velocity measurements of discharge required complete data for
every vertical in the cross section. The inclusion of routines to fill
gaps in the array of velocity data was consequently a major factor in
the computer program.

The following procedure was used. Data for each vertical were
examined by the computer to determine whether all 11 velocity values
were present. If fewer than 11 values in the array were known,
the missing items were supplied by the computer, which used a
selected routine that was dependent on the actual number of observed
point velocities. A primary requirement was that the data had to
include, as a minimum, vg6; OT %24, a0d ?g g4

Two general computation processes were used. If three, or fewer,
velocity observations were made in a vertical, the arithmetic mean
was computed from the available data; all other points in the vertical
were computed as the product of this mean and the standard vertical-
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velocity curve coefficient included in the program. These coef-
ficients were derived from 48 multiple-point velocity measurements
that were complete in every detail. The vertical-velocity curve
coefficients derived from these data are given in table 1.

TasBLE 1.—Coceflicients for standard vertical-velocity curve

Ratio of point
velocity to mean
Ratio of observation depth velocity in the

to depth of water vertical
005 .. 1. 160
) 1.160
B 1.149
It JE 1.130
Ao o 1.108
8 TR 1.067
K 1.020
B . 953
B . 871
WO . . 746
05 o . 648

If more than three observations were made, each item was ex-
amined and those values missing from the array were inserted by a
process of interpolation whereby the observed velocities were weighted
in accordance with an average velocity distribution. The reliability
of the computed value of alpha is, to some degree, dependent on the
completeness of data supplied. Most multiple-point velocity measure-
ments were complete, however, except for those shallow subsections
where limitations of the measuring equipment precluded precise
definition of the vervcal distribution of velocity. Probably very
little bias resulted from using these procedures in completing the
array of point velocities in the vertical.

COMPARISON OF ALPHA DETERMINED GRAPHICALLY AND
ARITHMETICALLY

Arithmetic accuracy of the computer program was verified by
manual computation of simplified measurements. The results ob-
tained by graphic procedures were compared with those obtained
by arithmetic integration performed by desk calculator or by the
computer (fig. 2).

The results agree closely, although the coefficients computed by
the graphic method averaged about 1.5 percent higher than those
computed by the machine, probably owing to the difference in treat-
ment given to the bottom velocities in each vertical and to the sub-
jectivity involved in the graphic procedure. Infigure 2 the departures
shown are within an allowable tolerance, verifying the assumption
that equivalent computations can be made by either method.



C8 RIVER HYDRAULICS

20 I T T T

16~ Ve .

14~ / —

1.2~ /70 -1

ALPHA (a), COMPUTED BY ARITHMETIC INTEGRATION
%

1.0 ! f t $
1.0 1.2 1.4 1.6 1.8 2.0

ALPHA (a), COMPUTED GRAPHICALLY

Ficore 2.—Alpha values computed graphically compared with alpha values
computed by arithmetic integration.

TYPES OF CROSS SECTIONS

The cross sections and channels represented by the measurements

(given in “Basic Data’ section) were classified into five types.

1. Type A: A natural trapezoidal-shaped channel without overbank
flow and no bridge piers or other manmade obstructions.

2. Type B: A natural channel with bridge piers, abutments or man-
made obstructions which may affect the flow pattern.

3. Type C: A canal or manmade channel without overbank flow.

4. Type D: Same as type A, but with overbank-flow sections.

5. Type E: Same as type C, but with overbank-flow sections.

DISCHARGE MEASUREMENTS USED
MULTIPLE-POINT VELOCITY MEASUREMENTS

A large group of multiple-point velocity measurements was avail-
able from an Operations Research project conducted by the Washing-



VELOCITY-HEAD COEFFICIENTS IN OPEN CHANNELS C9

ton, D.C., office of the U.S. Geological Survey in 1959. These
measurements were augmented by additional data from various other
projects. Alpha coefficients were computed for 173 of these multiple-
point velocity measurements. Computed discharge ranged from 1.1
cfs to 636,000 cfs, and mean velocity ranged from 0.41 to 10.44 fps
(feet per second). Table 4 gives the station name and location and
pertinent data for each measurement; the type of cross section is
also indicated.

Plan views of the measuring sites and roughness coefficients (Man-
ning’s n), selected in the field, were obtained for each measurement
through the cooperation of personnel responsible for the measurements.
From the plan views, the length of tangent from the first upstream
bend and the degree of curvature of this bend were determined.

TWO-POINT (0.2d4/0.8d) VELOCITY MEASUREMENTS

In addition to the multiple-point velocity measurements, alpha
coefficients were computed for 721 discharge measurements made by
the wusual 0.2d/0.8d-depth method. These measurements were
selected to represent & wide variation in channel characteristics and
in discharge at each site. Comparision of alpha with variations in
roughness, discharge, velocity, and the various geometric channel
parameters was thus possible. These measurements had a range
in discharge from 12.3 to 505,000 cfs and a range in velocity from
0.27 to 11.37 fps. Roughness coefficients (Manning’s n) were selected
for each site, usually by on-site inspection, although a few were
selected from pictures. Some complex cross sections (see fig. 3)
were divided into subsections, and n values were selected for each
subsection. Table 5 contains the name, location, type of cross
section, and other pertinent data for each 0.2d/0.8d-depth velocity
measurement. The formula used for the computation of alpha gave
equal weight to velocity observations at the 0.2-depth and 0.8-
depth positions.

ONE-POINT (0.6d) VELOCITY MEASUREMENTS

None of the discharge measurements selected for analysis was made
by the 0.6d method. By abstracting the 0.6d observations included
in the discharge measurements made by the multiple-point velocity
method, however, 173 one-point velocity measurements were obtained
for use in computation of alpha coefficients (at.64)-

ANALYSIS OF VARIATIONS OF ALPHA
RANGE OF ALPHA

Table 2 summarizes the maximum, minimum, and median values
of alpha determined for each type of cross section. This table
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Index No.
0 212
T % =0.065 1 7
n = 0.080 7 = 0.060
5r a =204 ]
ay =118
10 - 4, =199 i
0 914
7 = 0.060 !
n = 0.055
5 0=182 ,
ag= 1.24
an =197
H 10k 4
w
™
z |916
S0 : i
= n = 0.055 !
& ] n = 0.050
o 5k N
a =1.46
ayg =131
10 - oy =201 -
918
0 I
% = 0.055 !
i % = 0.050
51~ .
a =141
1o~ ay =106 -
an =162
1 1] I ! 1
0 40 80 120 160 200

DISTANCE, IN FEET

Ficure 3.—Typical complex cross sections, Pit River near Bieber, Calif.

240

includes the results obtained from all multiple-point velocity and
two-point (0.2d/0.8d) velocity measurements. The alpha coefficients
computed for the 0.2d/0.8d measurements were adjusted by the
equation next described.

TaBLE 2.—Summary of alpha coefficients for various types of cross sections

Alpha coefficient («)
Type of cross section Number of
measurements
Minimum Maximum Median
A e 402 1. 09 2. 90 1. 40
B 97 1. 06 4.70 1. 45
C e 73 1.03 1.76 1. 10
D& 170 1.18 2. 99 1. 46
) O 8 1. 10 1. 32 1. 14
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RELATION OF ALPHA COMPUTED FROM MULTIPLE-POINT
VELOCITY MEASUREMENTS TO ALPHA COMPUTED FROM
TWO-POINT (0.2d/0.8d) VELOCITY MEASUREMENTS

Multiple-point velocity measurements made in types A and C cross
sections were studied first. A highly significant correlation was found
to exist between the values of alpha computed from multiple-point
velocity observations (x) and those of alpha computed solely on the
basis of the 0.2d/0.8d observations (xg.24.54), which were abstracted
from the complete array of point velocities (fig. 4). The regression

2,0 T T ) T

&= 0985 4 024 /osq+ 0.057 °

1.8

-

" ALPHA (a)

1.2

! 1 1 !
1.0 1.2 14 1.6 18 2.0

ALPHA 0208 (%022 /0583)

Ficure 4.—Relation of alpha computed from multiple-point velocity observations
(a) to alpha computed from 0.2d/0.8d velocity observations {aw.2d4/a0.84).

equation is
a=0.985(ct¢ 249.54) +0.057. @)

The correlation coefficient is 0.999, which is significant at the
1-percent level. The establishment of this relation was very impor-
223-866—66——3
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tant because it permitted the use of an almost limitless quantity of
data (in the form of the conventional 0.2d/0.84 discharge measure-
ments) for detailed study of the relation between alpha and the
various channel and flow parameters.

RELATION OF ALPHA COMPUTED FROM MULTIPLE-POINT
VELOCITY MEASUREMENTS TO ALPHA COMPUTED FROM
ONE-POINT (0.6d) MEASUREMENTS

Again, using only multiple-point velocity measurements made in
types A and C cross sections, a highly significant relation, shown
in figure 5, was found to exist between the values of alpha computed
from multiple-point velocity measurements and those of alpha com-
puted only from point velocities at the 0.6d (aps4). The regression
equation is

a=1.43ao.od—0.39.

The correlation coefficient is 0.975, which is significant at the 1-percent
level.

CORRELATION OF ALPHA WITH ROUGHNESS COEFFICIENT

The only channel parameter that correlated significantly with
alpha was the roughness coefficient n. This correlation (fig. 6) is
based upon 371 discharge measurements made in types A and C
cross sections. The correlation coefficient is 0.504, which is significant
at the 1-percent level. The regression equation is

a=14.8n 10.884.

This correlation is fairly well defined between the n values of
0.012 («=1.06) and 0.070 (a==1.92). The scatter of plotted points
in figure 6 indicates that factors other than n evidently influence the
value of alpha. The combination of factors that results in values
greater than 2.00 is not common in problems involving types A and C
cross sections; therefore, 2.00 should be considered as the maximum
alpha value for these cross sections.

For convenience, equation 4 is expressed in tabular form in'table 3.

OTHER CORRELATIONS STUDIED

Correlations of alpha with 18 different parameters and various com-
binations of parameters were investigated to explain the scatter of
points shown in figure 6. The parameters used included hydraulic
radius, Froude number, maximum velocity, mean velocity, mean
depth, standard deviation of depths, tangent length, channel curva-
ture, stream width, and various combinations of these. None of the
correlations with these parameters, either singly or in combination,
yield statistically significant results. These correlation studies in-
dicated, however, that the large alpha values were associated with cross
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2.0

1.8~

16

ALPHA (a)

14+

a=143a 0-5d-0'39

1.2

1.0 1 1 1
1.0 1.2 1.4 . 1.6 1.8

ALPHA o6 ( a 0ga)

Frcure 5.—Relation of alpha computed from multiple-point velocity observa-
tions (e) to alpha computed from 0.6d velocity observations (ay.¢4).

sections in which large variations in velocity occurred horizontally
across the section—in general, those sections with wide flood plains.
Manipulation of equations 2 and 3 will demonstrate that the horizontal
distribution of velocity is a dominant factor in the magnitude of alpha.
The vertical distribution of velocity is of much less significance. This
can also be demonstrated by a comparison of the empirically defined
alpha coefficients of this study with the theoretical values which
Streeter (1942) derived on the basis of the logarithmic law of velocity
distribution in the vertical.
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TaBLE 3.—Alpha coefficients, as based on n values

30 T T T T T T
.
28~ * —
.
26 -
.
24~ -
L
o . .
E 22~ . -
2 - - . .
2 . . .
= . s .
.
=20 :
= .
< « * 8
:
T 18l : . H
S . .. . H
' i :
1.6~ PO .
i i
s i i .
: : . .
.
1.4 l : |
3
H
1.2~ -
H H L} ’
. . - .
1
1.0 i, | ] o 1 I} ! ]
'0.01 0.02 0.03 0.04 0.05 0.06 0.07
n  VALUE

Ficure 6.—Correlation between alpha and Manning’s roughness coefficient (n).

Streeter showed that for wide channels alpha, expressed as a
function of Chezy’s C, ranges from 1.02 (C=180) to 1.12 (C=65).
A direct comparison between Chezy’s ¢ and Manning’s n can be
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made by use of the equation O= %R‘/ﬁ. For example, if we assume

a hydraulic radius of 3.0, then for a C of 180 we can compute »=0.010,
and for C of 65 we can compute n=0.027. For these n values, this
report gives alpha values of 1.03 and 1.28, respectively, as compared
with Streeter’s 1.02 and 1.12. For very smooth channels, variations
in velocity, both horizontally and vertically, are small; thus low
alpha coefficients result. Where roughness increases and the cross
section becomes irregular, large velocity variations occur, particularly
in the horizontal direction. The preceding example demonstrated
this by the large difference between the theoretical coefficient (1.12),
based on variation in the vertical only, and the empirical coefficient
(1.28), which reflects both horizontal and vertical variation. Un-
fortunately, the horizontal velocity variation could not be related to
any combination of the parameters measured, and use of equation 4
(see also table 3) is the only means of estimating alpha values for
simple geometric channels.

RECOMMENDATIONS FOR DETERMINING ALPHA

TRAPEZOIDAL CHANNELS

Equation 4, a=14.8 n+0.884, is recommended for estimating alpha
for unit-shaped trapezoidal channels (types A and C). Its value
should be limited to 2.00 despite the fact that greater values will be
computed when n exceeds 0.075.

CHANNELS WITH OVERFLOW SECTIONS

For a cross section that carries overflow on either or both banks,
the overflow areas are generally treated as separate units or subsec-
tions (fig. 3). To obtain the value of alpha for the entire cross
section, an individual value of alpha is first determined for each
subsection by use of equation 4, and a composite value of alpha for
the entire cross section is then computed by the following equation:

3 3 3
o) K;+a2-1-%2+ . o ang—}‘
L hmtey A (5)
(Kt Kot . .. K)®

(A4t . .. 4)°

in which the subsecripts refer to individual subsections.

Equation 5 is derived from equation 1 as follows: Let Vi, Vs. . .
Ve o1, @2 . .., and 4;, Ay ... A, be the mean velocities,
alpha coefficients, and areas respectively, of the subsections. Let
V be the mean velocity and A, the cross-sectional area of the entire
section. From the equations Q=A,V;+A4Va+A4,V, and Q=K /S,
the following can be written:
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K _K _K,
V=728, V=28, ... Va= 5,
Q=AV= V1A1+ V2A3+ (R VnAn,

Q= K +K+ . .. Kn)\fg: (EK)'\/—'S—’;
and

_(ZE)V/S
V==, (6)

Equation 5 is obtained by substituting V from equation 6 in equation
1 and simplifying.
The following example illustrates the application of this procedure.

Example: Determining alpha for a subdivided type section.
Given:

| f
&
@ { @ 7 = 0.040 ‘;‘ J
©
M = 0.030
10t {
20 ft
Determine alphsa:
A1=50 8q ft Rg=1.67 ft
Ri=2.78 ft Ry=141
. &, 1486C20)141 o
R*=1.98 770040
K _ 1.486(50)1.98 4904 ZK=4904 +1048=>5952
V0.030 K 5 .88%10°
A=T70sq ft ( A% '9 o8
z 5,95
%:47,2)( 108 Zf) =0 =43.0X10°
1
A;=20 sq ft
P,=12 {t

From table 3: alpha for n=0.030 is 5.33, and
alpha for n=0.040 is 1.48; accordingly,
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3 Kg

-1 -3
Sy TR 1.33(47.2)+1.48(2.88) | o
=TGR 43.0 T
AZ

Because the manner in which a cross section is subdivided has a
pronounced effect upon the magnitude of alpha, use of a consistent
method in subdividing the cross section in a slope-area reach is
desirable. Thus, if one cross section of the reach is subdivided, the
next cross section should be subdivided in the same manner. Compu-
tation procedures used for evaluating alpha in complex cross sections
are, at best, only approximations, and errors introduced by the sub-
division process will be minimized if all cross sections in a slope-area
reach are subdivided in the same way.

COMPARISON WITH PRESENT METHOD OF COMPUTATION

The need for & method of estimating alpha for use in indirect deter-
minations of discharge has long been recognized by the Geological
Survey. At present, only limited data summarizing alpha coeffi-
cients applicable to open channels are to be found in the literature.
The most readily available published data are those of King (1954),
Kolupaila (1956, 1961), and O'Brien and Hickox (1937). The pub-
lished figures, however, are too generalized to be of much assistance
in making a reliable estimate of alpha. Lacking more suitable in-
formation, hydrologists, including those of the Geological Survey,
have usually used an alpha value of 1.00 for unit-shaped trapezoidal
sections and for each subsection of complex channels where equation
5 has been applied. For most slope-area determinations this assump-
tion has little effect on the computed discharge because the channel
reaches selected for study are generally fairly uniform in cross-
sectional area, and velocity head is therefore a minor factor. In
steep channels that are contracting in area, however, the use of the
alpha value of 1.00 can lead to an appreciable error in the computed
discharge.

Figure 7 shows alpha values () for 41 complex sections (type D
sections) computed from equation 5 by the conventional method,
where the o for each subsection is assumed equal to 1.00, compared
with values of alpha derived from multiple-point velocity measure-
ments. Figure 8 shows alpha values (a,) for the same group of sec-
tions computed from equation 5 by the method recommended in this
study, where o for each subsection is computed from table 3, compared
with the alpha values derived from the multiple-point velocity
measurements. The improved accuracy resulting from the procedure
recommended in this report is quite apparent.
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F1aure 7.—Alpha computed from multiple-point velocity discharge measurements
in complex cross sections compared with alpha computed from equation 5,
assuming the alpha value to be 1.00 in each subsection (ax).

SUMMARY AND CONCLUSIONS

This study demonstrates a reliable method of computing the
energy-head coefficient, alpha, from conventional current-meter meas-
urements of discharge, in which velocities are observed at 0.2 and 0.8
depths in each subsection. It also demonstrates that reasonable
estimates of alpha for channels having no overflow can be made solely
on the basis of the Manning roughness coefficient, n. This determina-
tion is important because the usually made assumption that the alpha
value equals 1.00 in a channel with no overflow is greatly in error,
particularly in the rougher channels. A rational method of estimating
alpha for channels with overflow sections, based on Manning’s » and
on channel conveyance, K, is also presented in this report.

A major conclusion, illustrated by the study of factors influencing
the magnitude of alpha, is that variation in the horizontal distribution
of velocities is of even greater significance than variation in the vertical.
Accordingly, these authors believe that a more intensive investigation
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Figure 8.—Alpha computed from multiple-point velocity discharge measure-
ments in complex cross sections compared with alpha computed from equation
5, in which alpha in each subsection has been computed from table 3 (a,).

of factors influencing the horizontal distribution of velocity should be
included in future studies. Data for this study were obtained from
standard current-meter measurements, which were usually made at
sites where roughness was low or in channels that were fairly straight.
Data did not include information as to the amount of contraction in
the reach or the significance of obstructions in the reach upstream from
the point of measurement.

If further study is to be made, the authors suggest that it be done
under more carefully selected conditions, where various parameters
can be isolated and studied in detail. Methods should be devised to
measure the expansion or contraction of the channel, the profile of
the streambed and the water surface, the slope, and other physical
characteristics, such as distance upstream to riffles, bends, or other
obstructions that might affect the velocity distribution in the channel.
The study of channels that have high roughness coefficients (n values
of 0.070 or greater) would also be of value.

Routine discharge measurements do not provide enough specialized
information, and more detailed field surveys will be required to refine
results beyond that of this report.

223-866—66——4
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