INDIRECT METHODS OF RIVER DISCHARGE
MEASUREMENT
by

J. S. C r a g w a l l , .Jr .
U. S. Geological Survey, W ashington, D. C.
I n t r o d u c t io n

The United States Geological Survey is one of the federal
agencies designated to collect data pertaining to the w ater resources
of this country. Among its responsibilities is measurement of
stream flow. The determination of peak discharges of floods, no
small part of the stream-gaging program, becomes an important
and challenging task.
Stream flow is usually measured by the familiar current-meter
method. Oftentimes during floods, and for many good reasons, how
ever, current-meter measurements cannot be obtained. For defi
nition of floods under such conditions, peak discharges can fre
quently be measured by so-called indirect methods. It is the pur
pose of this paper to describe these indirect methods of river-discharge measurement.
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Discharge in a reach of channel is related to the water-surface
profile and the hydraulic characteristics of the channel. Definition
of water-surface profiles from high-water marks, and channel
characteristics from a survey of channel size, geometry, and rough
ness constitute the basis of indirect methods of river-discharge
measurement.
The water-surface profile is an important element in an indirect
measurement. Not only must its elevation be known, but even more
important, its changes within the reach of channel under con
sideration. These changes in profile are primarily the result of
(1) energy losses due to bed roughness, eddies, etc., and (2) ac
celeration. For a relatively uniform reach of stream channel, the
change in water-surface profile results largely from bed roughness.
At sudden contractions, such as bridges, culverts, and dams, the
surface profile reacts to the influence of acceleration; th a t is, the
change in profile reflects primarily a change in energy from potential
to kinetic.
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The necessity for indirect methods of measurement becomes
apparent following any widespread flood of unusual magnitude.
The great flood of July 1951 in Kansas and Missouri is a striking
example. That flood reached such extremes of stage and discharge
th a t it was found impossible to carry on the normal stream-gaging
program in the flooded area. Travel during and immediately fol
lowing the flood period was at a standstill. Even had it been
possible to reach gaging sites, the structures from which measure
ments would normally have been made were, for the most part,
destroyed, overflowed, or bypassed by wide and swift overbank
flows, making impossible the measurement of discharge by current
meter. Because of these and other difficulties, few direct measure
ments of peak, or near-peak, flows were made. For a flood of such
extreme and widespread proportions, however, it was imperative
that discharges be adequately defined.
Soon after the recession of the flood, operations were begun to
determine peak discharges by indirect methods at gaging stations
and other critical points in the flood area. Engineers from Geologi
cal Survey offices all over the country—men experienced in in
direct methods of measurement—were quickly dispatched to the
flooded area. This group, with the assistance of some personnel
from other agencies, State and Federal, manned numerous field
parties for securing the necessary surveys, computed the flood
records, and prepared reports thereof.
The magnitude of the task and the coverage obtained are illus
trated on Fig. 1, a map of the Kansas River basin. Shown thereon
are 88 sites where discharge was determined, most of them at es
tablished gaging stations. At 50 of those sites, peak flows were
defined by indirect methods. Over the entire area encompassed
by the flood, discharge was defined at 182 sites, at which, for 68,
indirect methods of measurement were applied in defining flood
peaks.
This concerted effort was rewarding. In later basin-wide flow
comparisons using flood-routing techniques, flood discharges (peaks
and volumes) were found consistent to an encouraging degree.
Where possible, comparisons with stage-discharge ratings defined
by current meter indicated th a t ratings defined by indirect methods
were reliable.
The Kansas-Missouri floods of July 1951 are reported in WaterSupply Paper 1139 [1]. That the flood data contained therein were,
to a great extent, based on indirect methods of flow measurement,
indicates the practical necessity for and the value of indirect
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methods. Unquestionably, the quantitative description of the
Kansas-Missouri floods of 1951 would not be so complete nor the
data nearly so reliable had methods of indirect flow measurement
not been applied.
The foregoing is an outstanding single example of the value
and necessity for using indirect methods. Their worth can further
be attested by the fact th a t annually, on the average, the Geological
Survey makes about 600 determinations of peak discharge by in
direct methods.
In d ir e c t M e t h o d s C l a ss if ie d

Indirect methods of river-discharge measurement are grouped
into four major categories for ease of application and reference.
These are (1) slope area, (2) contracted opening, (8) flow through
culverts, and (4) flow over dams. The four classifications although
somewhat arbitrary, have been found convenient in setting up field
and office procedures. Occasionally an indirect measurement will
involve a combination of methods or another method of solution
outside of these general classes.
The slope-area method is the most frequently used, especially
on the large rivers, primarily because a natural reach of channel
acceptable as a slope-area reach can usually be found. Contractedopening, culvert, or dam sites are used whenever conditions are
favorable. The change in water-surface profile through a slopearea reach results primarily from channel roughness and, hence,
the ability to select proper roughness coefficients is a measure of
the accuracy of the computed discharge. The contracted-opening,
flow-through-culvert, and flow-over-dam methods involve abrupt
contractions and, hence, the changes in water-surface profile re
flect mainly changes in energy form, and the value of the roughness
coefficient becomes less important.
S lope-A

rea

M ethod

In the slope-area method, discharge is computed on the basis of
a uniform flow equation involving channel characteristics, watersurface profiles, and a roughness or retardation coefficient. The
change in water-surface profile for a uniform reach of channel
represents losses caused by bed roughness.
In application of the slope-area method, any one of the wellknown variations of the Chezy equation might well be used. The
Geological Survey uses the Manning formula. This formula was
originally adopted, as it has been by many engineers, because of its

simplicity of application. Many years of experience in its use have
now been accumulated. That it has become a medium through
which reliable results can be obtained, justifies its use.
The Manning formula, w ritten in terms of discharge, is

(1 )
where
Q = discharge, in cfs
A — cross-sectional area, in sq ft
R = hydraulic radius in ft
5 = energy gradient, or friction slope
n = a roughness or retardation coefficient
Manning’s formula, as originally developed, was intended only
for uniform flow where the water-surface profile is parallel to the
stream bed and the area and hydraulic radius remain constant
throughout the reach. In spite of these limitations, since a better
solution is lacking, the formula is used for the nonuniform reaches
that are invariably encountered in natural channels. The only justi
fication for such use is th a t of necessity; however, several factors
in the formula are modified in an attem pt to correct for non
uniformity.
A description of the method used in computing river discharge
by the slope-area method is discussed in conjunction with Fig. 2,
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a definition sketch of a two-section reach which is gradually con
tracting in direction of flow. Cross sections A and B are selected as
being representative of the channel between A and B. The term
[ (1.486//?) A7?2/3] contains the several factors descriptive of
channel characteristics and is labeled “conveyance” K. For the
reach A-B, because it is not truly uniform, conveyance is expressed
as the geometric mean of the conveyances of the two sections, in
this w ay : K = \ / K A Iiu
For the contracting reach, the drop in water-surface profile
Ah is not entirely a result of friction loss hf, but also reflects the
acceleration between sections A and B. It the S term in Manning’s
formula is taken to represent friction slope only, then the drop in
w ater level Ah must be adjusted by the change in velocity head.
Friction slope may be expressed as

L
The discharge formula, therefore, may be condensed to
Q = K S1'2

(2 )

where K represents the average conveyance of the reach and S the
energy gradient or friction slope.
In this manner Manning’s formula is applied to gradually-varied
flow in natural channels. Admittedly, assumptions have been made
th a t greatly oversimplify the complex functions inherent in nonuniform flow. This treatm ent, however, provides a logical method
to which experience can be related, and when a given problem is
within the accumulated experience range, it has been found that
reliable results can generally be obtained.
Note th a t a moderately contracting reach is illustrated in Fig.
2. The practice of using such reaches—reaches th a t are contracting
gradually and to moderate degree in the direction of flow—has be
come standard Survey procedure. Contracting reaches have been
found to yield a consistent scale of values in the Survey’s roughness-investigation program. On the other hand, expanding reaches
have not, probably because of unknown energy losses and velocity
distributions associated with the diverging flow patterns. Uniform
reaches are not intentionally avoided, but in reality can rarely be
found. By searching for slightly contracting reaches, expanding
reaches can at least be avoided. Contracting reaches also are favored
for other reasons. For example, any errors involved in estimating
n affect the discharge result to a lesser degree than in expanding

reaches, owing to the effect of the velocity-head correction involved
in computing the energy gradient S.
Coefficients
Selection of the roughness coefficient n is a critical step in a
slope-area measurement, so much so because personal judgment
cannot be entirely eliminated. Moreover, for a natural channel the
coefficient is descriptive of losses other than bed roughness. Bank
irregularities, channel meanders and curvature, overhanging trees,
and many other retarding influences th a t defy quantitative de
scription are present. Tables of n values as found in many hy
draulic texts provide little assistance to the inexperienced, unless
very large errors are permissible.
The Geological Survey has attempted to devise a useful and
reliable reference index of n values. The project has been under
way for several years. For streams representing a wide variety
of conditions, and where peak discharges are known, slope-area
measurements are obtained for the purpose of computing 11 values.
Comprehensive photographic coverage, in three-dimensional color,
is secured for each definition reach. These pictures are duplicated
in sufficient quantity to place a reference slide file in each district
office of the Surface W ater Branch. Such a file enables the less
experienced engineer to select an n value for a channel under con
sideration by a near-realistic and visual comparison of that channel
with similar channels having defined coefficients. Values of n
ranging from 0.028 to 0.075 are presently included in this reference
file; additions to it are continuing.
The roughness-definition program has been limited to simple
and single channels of approximate trapezoidal shape, sometimes
referred to as unit channels. As would be expected a multiplicity
of channel shapes are encountered in the field. Some of these, the
so-called compound channels, frequently require subdivision to
account for variations in shape or roughness. The conveyance K
of a subdivided section is taken as the sum of the conveyances
Ku K2, . . . . of each subsection. This procedure focuses attention
on the treatm ent given to the velocity head at each cross section.
As noted on Fig. 2 and in the previous discussion on computing
friction slope, the velocity-head factor includes the coefficient a.
This coefficient is arbitrarily taken as unity for channels of unit
shape. For compound, subdivided channels, a for a cross section is
estimated by the formula
(AY/Ai2) + (A23/A22) +

The foregoing expression, a means of separating the effect of
velocity distribution, allows the coefficient n to be more nearly
described as a roughness factor for all channel shapes.
Research
The nationwide program of evaluation of roughness coefficients
is a continuing one. While the nucleus of a reference slide file is
presently available and more examples are being processed, a
broadening of the range of conditions is continually sought. For
example, definitive studies on extremely rocky and steep channels
and on sand channels are active field projects. Definition is needed
for high values of n encountered in heavily brush-covered channels
such as those encountered in the southeastern sections of this
country.
The work of other investigators concerning resistance to flow
in rough channels such as Powell [2, 3], and Robinson and Albert
son [4J, has been studied with interest. Resistance to flow in pipes
has undergone intensive investigation with considerable success.
It is hoped th a t similar treatm ent of open-channel flow will lead
eventually to equations of maximum practical usefulness in naturalchannel work.
Contracted-O
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A highway or railroad crossing of a river channel is generally
so constructed as to impose an abrupt width constriction upon
flood flow. At such constrictions the contracted-opening method of
measuring peak discharge can be applied.
At an abrupt width constriction in a reach of channel, as shown
in the definition sketch of Fig. 3, the change in water-surface pro
file between an approach section (1) and contracted section (3) re
sults largely from the acceleration within the reach. Because the
reach is so short, friction loss is of little importance; thus, the
effect of possible errors in selecting roughness coefficients n is
greatly minimized.
The drop in water surface between sections 1 and 3 is related
primarily to the corresponding change in velocity. By writing the
energy and continuity equations between sections 1 and 3, we
obtain the discharge formula

Q = CA3\ / 2 g(ah + ^ L - h ()
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In this expression,
Q = discharge, in cfs
Az = area of section 3, in sq ft
A/i = difference in water-surface elevation, in ft, be
tween sections 1 and 3
a V 2
ai 9 1 = weighted average-velocity head, in ft, at section 1
h f — friction loss, in ft, between sections 1 and 3
C = a discharge coefficient
For many years the contracted-opening method was patterned
after the methods used by the Miami Conservancy District as re
ported by Ivan E. Houk [5]. The method employed was essentially
the same as th a t embodied in Eq. (3)—a form of the combined
energy and continuity equations. Only limited information was

available, however, to aid in estimating values of a discharge co
efficient.
In February 1951 the Geological Survey initiated a research
project at Georgia Institute of Technology on flow through single
opening constrictions. This investigation resulted in a better under
standing of the mechanics of flow through width constrictions in
open channels and led to development of an improved method for
computing peak discharge through bridge waterways. The in
vestigation was reported by Kindsvater and Carter [6, 7], and in
Geological Survey Circular 284 [8],
The applicability of the method in general, as used previously
and as expressed by Eq. (3) was confirmed. Factors largely deal
ing with the influence of the channel and constriction shapes not
previously recognized as significant, however, were found to have
an important bearing upon the discharge coefficient C. Thus,
emphasis on the experimental evaluation of C for a wide range of
variables generally encountered in field problems became the pri
mary objective of the latter phase of the investigation.
Discharge Coefficient
In the laboratory investigation, the discharge of coefficient C
in Eq. (3) was taken to represent the combination of a coefficient
of contraction, a coefficient accounting for eddy losses due to
the contraction, and the velocity-head coefficient a3 for the contracted
section.
The discharge coefficient was found to be a function of certain
governing geometric and fluid param eters; i.e.
C = f (degree of channel contraction, geom etry of con
striction, Froude n u m b er)
Of all the factors influencing the coefficient of discharge, the de
gree of channel-contraction m and the length-width ratio of the
constriction L /b were found the most significant.
Perhaps the most important new concept resulting from the
laboratory investigation was th a t pertaining to definition of channelcontraction for channels of irregular shape. It was found th a t
channel contraction could be described as a measure of th a t part
of the total flow which is required to enter the contracted stream
from the sides—from the lateral regions upstream from the em
bankments. Thus m, the channel-contraction ratio, is defined by
the equation

Q — q

m

Q

!

</

~

Q

where Q is the total discharge and q the discharge that could pass
through the opening without undergoing contraction.
This concept has particular advantage in connection with bridgewaterway problems in th a t the degree of channel-contraction for
irregular, natural channels can be computed as a ratio of hydraulic
conveyances. Even for considerable variations of depth, alignment,
and roughness in the approach channel, a procedure for evaluating
m is given by
m

1

K„
Kq

Ki,

(4)

Kq

The above notation is explained in the definition sketch of Fig. 4.
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Kq + Kb
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The Froude number F was found to have a relatively minor
effect upon C for most geometry types over the range of F tested.
The investigation was confined to flow within the tranquil range.
The coefficient C was defined for four constriction types simu
lating the most frequently encountered forms of highway bridgeopening shapes. These shapes, illustrated in Fig. 5, are classified
as:
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Vertical embankments and abutments
Sloping embankments, vertical abutments
Sloping embankments, and abutments
Sloping embankments, vertical abutments
with wing walls

Curves relating C to pertinent variables for each of these four
types of openings may be found in Geological Survey Circular 284
(p. 26-34) [8]. Figure 6, for a type III opening only, is included
herein as an example. Inasmuch as C was found to depend primarily
upon m and L /b , a standard value, C', was related to these vari
ables (see Fig. 6-A) for fixed values of the secondary variables.
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If, in a particular problem, the secondary variables deviate from
the fixed values shown in the box of Fig 6-A, the value of C' is
successively adjusted for each deviation from the standard. For
example, the final discharge coefficient is computed as
C = C k 4, k x
where a given problem departs from the fixed secondary values
only with respect to angularity (Fig. 6-B) and the x /b ratio (Fig.
6-C). Adjustment-coefficient curves for other secondary variables
such as effect of area of piles and piers, eccentricity, submergence,
etc., are not shown on Fig. 6.
For any combination of variables the limiting value of C is
taken as 1.00.
Research
Laboratory investigation of flow through single-opening con
strictions, with minor exceptions, was concluded in 1953. Since then
a program of field verification of the method has been carried on,
with favorable results. Twenty-two contracted-opening surveys at
sites where discharges are known have been obtained to date. These
cover the wide variety of conditions normally encountered in prac
tice. The following table indicates the comparison of results by
indirect-method computation, based upon discharge defined by current-meter measurement.
Difference by indirect method
(percentage range)

+ 15 to + 20
+ 1 0 to + 1 5
+ 5 t o +10
0 to + 5
Oto — 5
_ 5 to — 10
— 10 to — 15
— 15 to —20

Number of
verifications

1
1
7
3
7
1
1
1
22 total

It is encouraging to note from the above tabulation th a t about
80 percent of the field verifications made to date give results within
10 percent of the respective known discharges. Considering the
possibilities of error inherent in the field data and in the discharges
measured by current meter, this is believed to be remarkably good.
A laboratory investigation of flow through multiple-opening
constrictions is now underway. It is anticipated th a t the problems

and complexities inherent in this more complicated geometrical
form will be many. Several years, no doubt, will have elapsed be
fore definitive results are forthcoming.
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A culvert often can be used as a convenient device for measure
ment of peak discharge by indirect methods. This is indeed fortu
nate because of the many difficulties involved in making currentmeter measurements of flood flow on the smaller streams.
The flow-through-culvert method is similar to the contractedopening method in th a t the change in water-surface profile in the
reach between the approach and constricted sections reflects largely
the effect of acceleration. Again, friction losses are generally of
minor importance. A culvert constriction, however, is such th a t it
may act as a control section; th a t is, flow may pass through critical
depth at the culvert entrance or outlet. The method, therefore,
covers conditions of rapid as well as tranquil flow.
Flow classification
The discharge characteristics of a culvert depend upon an evalu
ation of energy changes between an approach section upstream
from the culvert and the control section. Depending upon the
location of the control section and the relative height of headwater
and tailwater, most culvert flow patterns may be classified in six
types. These are described below and defined also in the sketches
of Figs. 7-9.
Type I, critical depth at inlet: As indicated on Fig. 7, flow
passes through critical depth dc near the culvert entrance. Culvert
j i __ z

barrel

flows p art full.

The headwater-diameter ratio — —----

is limited to a maximum of 1.5. The slope of the culvert barrel S 0
must be greater than the critical slope S and the tailwater ele
vation hi must be less than the elevation of w ater surface at the
control section h2.
The discharge equation is
Q = C A ,.^ 2g (h , - z + ^

- d, - . / i , , J

(5)

where A c is the flow area, in sq ft, at the control section. Other
notation is evident in Fig. 7, or has been previously explained.
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Type II, critical depth at outlet: Flow passes through critical
depth at culvert outlet (see Pig. 7.) Culvert barrel flows part full.
The headwater-diameter ratio does not exceed 1.5. Slope of the
culvert is less than critical. Tailwater elevation does not exceed
the elevation of w ater surface a t the control section h 3.
The discharge equation is
Q = C A ryj2 g (h, + ^

— de — hfl 2 — hf2 3)

(6)

Type III, tranquil flow throughout: Culvert barrel flows part
full, with the headwater-diameter ratio less than 1.5 (see Fig. 8).
The tailwater elevation does not submerge culvert outlet, but does
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exceed the elevation of critical depth at the control section. The
discharge equation for this condition is
(7)
Q — C A j J 2g (/ii + 111
2g
Type IV, submerged culvert—The tailwater elevation is high
enough to submerge culvert outlet; hence the culvert is submerged
and flows full (see Fig. 8). The discharge equation is
2g (ht — /»,)
Q -C A .J S
29 C2n 2L
+
R 3/4
where
A„ = full area, in sq ft, of culvert barrel
L — length, in ft, of culvert barrel
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Type V, rapid flow at inlet: The headwater-diameter ratio ex
ceeds 1.5 (see Fig. 9). The culvert entrance is such th a t flow is
contracted in a manner similar to sluice- or orifice-type flow. Cul
vert barrel flows part full and at depth less than critical depth.
The tailwater elevation does not submerge culvert outlet. The dis
charge equation is
Q = C A 0y'

2.7 (/»■

7f

(9)

Type VI, full flow-free outfall: The headwater-diameter ratio
exceeds 1.5 (see Fig. 9). The culvert barrel flows full under pressure.
The tailwater elevation does not submerge culvert outlet. The dis
charge equation is
Q = C A 0 V 2g (/?i

/?3 - h,2J

(10)

For flow-types IV-VI a ponded condition in the headwater pool
was assumed in writing Eqs: (8) to (10).
During recent years the program of gaging the flow of small
streams has been expanded greatly. The use of culverts as a
means of indirect measurement of peak discharge focused attention
on the need for further research. In problems sometimes en
countered the difficulty of distinguishing between flow-types V and
VI on basis of field data ordinarily available was apparent. In
addition, while discharge coefficients applicable to flow-types IV
and VI had been previously defined by Yarnell [9] and Straub and
Morris [10, 11], coefficients for flow types I, II, III, and V were
somewhat uncertain. In order to fill in certain gaps in published
data, during the past year an investigation of flow through culverts
has been conducted at the Georgia Institute of Technology by the
Geological Survey. The laboratory phase of the investigation has
now been completed. The results of the investigation will soon be
published in a form suitable for general distribution. The problem
of distinguishing between types V and VI flow was not completely
solved. The occurrence of flow-types V and VI, however, can be
predicted, within range of geometries tested, from a knowledge
of entrance geometry of the culvert, the length, slope and rough
ness of the culvert barrel, and the headwater-diameter ratio.
Discharge coefficients

The discharge-coefficient phase of the laboratory investigation,
as previously stated, was confined primarily to flow-types I, II, III,
and V. It was found th a t discharge coefficients vary in magnitude
from 0.40 to 0.98, and are a function of the culvert geometry and
the degree of channel contraction for any flow type.
Laboratory observation indicated th a t the discharge coefficients
could be grouped for certain combinations of flow types. Coefficients
for flow-types I, II, and III form one group, types IV and VI another,
and type V, the third. Thus the same form of discharge equation is
applicable to each group.
Entrance geometries tested were limited to those types most
commonly used in highway-engineering practice. Tests included
(1) flush entrances in vertical headwall with varying degrees of
entrance rounding or beveling, (2) standard wing-wall entrance,
(3) projecting entrance, and (4) mitered entrance set flush with
sloping embankments. Results of these tests will be included in
the forthcoming report.

Research

The Geological Survey has no immediate plans for fu rth er ex
tensive laboratory research on flow through culverts. Other investi
gators, however, are conducting research on culvert hydraulics.
Many of the continuing investigations are pointed to culvert design,
the objective being to achieve an entrance form which will insure
full-barrel flow (type VI) for low degrees of entrance submergence.
Much of this work, undoubtedly, will enable wider usage of culvert
structures for indirect methods of flow measurement.
F l o w - O ver- D am M e t h o d

The hydraulics of channel controls and spillways has long been
a basic tool of the hydraulician and designer. These principles may
be adapted to indirect computation of discharge over such struc
tures.
A dam forms a control section at which the discharge is related
to the water-surface elevation upstream. Friction loss between an
upstream approach section and the control section is generally of
minor importance.
For computing peak discharges, the method consists simply of
determining by field survey the head on the spillway from highw ater profiles, approach-section characteristics, and spillway geome
try. Discharge is computed by the well known weir formula,

Q= C 6 ( / i + ^ ) W

(ID

where
Q
C
b
h

= discharge, in cfs
— coefficient of discharge
= spillway width, in ft

V,~
2g

= h e a d on spillway, in ft, adjusted when necessary for
friction loss between the approach and spillway
sections
velocity head, in ft, in approach section

It is readily apparent that reliability of discharge computed by
this method depends in large measure upon selection of the proper
coefficient C. For most determinations this coefficient must be esti
mated by comparison with calibrated spillways of similar shape.
Spillways encountered in the field in indirect-measurement work
may be sharp-crested, but more generally are broad or round-crested,
or of ogee or irregular shape. For most problems, therefore, the

best data available in existing literature must be used in estimating
C. Among many possible references, the Survey has found most
frequent use for the published works of R. E. Horton [12], the
Bureau of Reclamation, [13] and J. N. Bradley [14].
There is frequent need for computing flow over highway em
bankments. The basic broad-crested weir formula is used, with C
selected on basis of results reported by Yarnell and Nagler [15]
for flow over railway and highway embankments. The original
data of Yarnell and Nagler recently have been reanalyzed by the
Survey (for its own use) to define two dimensionless curves; one
a curve relating C to the head-breadth ratio for free-fall conditions,
and a second, relating correction for submergence to degree of
submergence. This dimensionless treatm ent is more generally
applicable than the original method of presentation, insofar as in
direct measurement of flow over highway fills is concerned. The
weakness of using these relations based on the slightly different
geometry representative of railway embankments remains.
Research

The U. S. Geological Survey has an interest in the discharge
characteristics of all forms of weirs, whether they be small Vnotch plates, masonry mill dams, highway embankments, or major
dam spillways. Knowledge of the head-discharge relationships
for weirs of all types is essential to the work of the organization,
and may occasionally provide the only means of determining an
important flood-flow magnitude.
In some cases where peak discharges should be known accurately,
the scarcity of information on the discharge characteristics of many
forms of weirs and spillways limits the flow-over-dam method to an
approximation. In general the discharge coefficient must be de
termined by experiment, and fortunately, through the application
of the principles of dynamic similarity, tests on scale models in the
laboratory can be applied to the prototype with confidence.
In 1907 the Geological Survey published W a te r S upply Paper
200 [12] by Robert E. Horton. The importance of Horton’s work is
demonstrated by the fact th a t the publication has been reprinted
several times and copies have been widely distributed. Horton’s
work was a complete summary of theoretical and experimental
knowledge on the subject as of 1907. In the 48 years since, our
theoretical knowledge of fluid behavior and, certainly, our store
of empirical knowledge of the discharge of weirs of all forms have
increased extensively. But until now, no one has attempted to col

lect, analyze, correlate, or publish this material in a form which
will make it available to the engineering profession.
This task is again being undertaken by the Geological Survey.
The project has been designed by and is being carried on under the
direction of Professor Carl E. Kindsvater, of the Georgia Institute
of Technology. As in the first instance, only a limited amount of
original research will be involved. The greater part of the project
will consist of collecting, examining, and evaluating all of the data
which can be located in this country, and, to some extent, abroad.
One of the significant objectives of the proposed study is to cor
relate these empirical data by methods based on the techniques of
modern fluid mechanics. It is envisaged th a t several years will be
required to complete the compilation and research project on co
efficients for dams.
An investigation of coefficients applicable to flow over highway
embankments is now an active laboratory project at the Georgia
Institute of Technology. Various phases of the project will be sub
jects for m asters’ theses. The current phase is supported by the
J. Waldo Smith fellowship of the American Society of Civil En
gineers.
S ummary

Indirect methods of measurement offer a practical solution to
the determination of peak discharges of natural streams where
current-meter measurements cannot be made. While admittedly
there are weaknesses and shortcomings in the methods, the neces
sity for their use and the overall reliability of results fully justify
their being called measurements.
Of the four methods described herein, the slope-area method
is applied most frequently, with the contracted-opening, flowthrough-culvert and flow-over-dam methods following in about that
order. Increased reliability of results by the contracted-opening
and flow-through-culvert methods is certainly to be expected as a
consequence of the recent research. All methods give good results
when applied to channel reaches of acceptable standards. Without
any doubt it can be said th a t the overall accuracy of stream flow
data published today is greater than ever before. A major con
tributing factor has been improvement in and greater use of in
direct methods of river discharge measurement.

D is c u ssio n

Mr. Boyer initiated the discussion by presenting some of his
own work on the slope-area method for correlating the Manning
coefficient n with the bed roughness, abstracted from a paper pub
lished in the Transactions of the AGU in December 1954. Two
figures from his paper, plots of y„/k against n /y 01/6 and V0 .2 /V 0 . 8
against n / y 0l/6, were presented as slides. Here k is the average
height of bed roughness in the stream and V0 . 2 and V0.8 are the
velocities at 0.2 and 0.8 depth. He stated that Mr. Stevens of the
Soil Conservation Control Council of New Zealand has verified the
former plot very well and the latter fairly well, and found th at the
latter may be a satisfactory method of getting n from lower dis
charge measurements than those made at the peak of the flood.
Mr. Albertson asked about methods suitable for application to
alluvial beds which can continue to scour to equilibrium. Mr. Cragwall replied that the application of indirect methods for computing
discharge in alluvial streams has not been encouraging. The
Geological Survey has undertaken some studies of scour, which is
a difficult problem itself from the instrumentation standpoint, but,
so far, it appears that the slope-area method must be used with
caution in erodible channels of any type.
Mr. Laursen pointed out two difficulties in the determination of
discharge after a flood; first, that the section of an alluvial stream
has been changed by the flood, and secondly, where a vegetable
screen is present along the low-water bank, as is often the case, it
is possible th a t the water in the overbank is not at the same ele
vation as the water in the stream. In reply Mr. Cragwall stated
th a t the interpretation of the signiflance of the high-water marks
is included in the estimate of the value of n ; th a t in their rough
ness verification program the high-water mark is measured, so that
the effect of the nature of the bank is taken into account. No un
explainable variations in n due to this cause have arisen.
Mr. Kolupaila observed th a t correction factors for the slope of
a channel have been mentioned, and inquired as to what is being
done about estimating the velocity-head factor a , which is a difficult
problem for open-channels and rivers. Mr. Cragwall pointed out
th a t the procedure used in estimating a had been mentioned in the
paper. Such estimates were made only for compound channels, i.e.
channels with considerable overbank flow, where roughness varies
considerably across the channel. In normal channels, a appears to
vary little between upstream and downstream sections. In com
pound channels, conveyances for 5 or 6 subsections, the number

depending upon the shape of the section and the variable rough
ness across it, are used to calculate a . Thus an attem pt is made to
incorporate these effects into the estimate of n.
Mr. Barbarossa reported th a t the Corps of Engineers had mea
sured n values for high flows in alluvial streams as low as 0.013,
which is of the order of magnitude of th a t for concrete. This was
attributed to the disappearance of form roughness in such flows.
This was mentioned because it appeared to contradict a statement
by Mr. Cragwall that he informed his young engineers th a t n
values varied between 0.03 and 0.06. Mr. Cragwall agreed th a t it
is frequently necessary to choose values outside of the range of n
from 0.03 to 0.075, and that, in some cases, values as low as 0.012
have been selected by experienced men.
Mr. Banks remarked th a t there is a recent publication which
tends to confirm the Einstein sidewall-elimination method which was
published about 14 years ago. He asked how the U.S.G.S. takes
sidewall into account in arriving at a final n value. Mr. Cragwall
replied th a t it is hard to describe how n is chosen. He indicated
th a t he has a mental picture of good natural channel of n = 0.03,
and if other channels differ he increases or decreases this value
according to his experience. The method is qualitative, but with
the help of 3-dimensional slides it is becoming more consistent.
Mr. Izzard asked Mr. Barbarossa whether actual measurements
of the cross-section were taken when the low values of n had been
observed, implying that the variation in n might be due to the fact
th a t the bed is lower during higher stages. Mr. Barbarossa re
plied th a t that possibility had already been considered, but th a t the
amount of sediment that could be transported could not degrade the
bed sufficiently to account for the total change.
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