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On dominant discharge concepts for rivers
g P

by
A. Prins, Delft University of Technology, the Netherlands
and

M. de Vries, Delft Hydraulics Laboratory, the Netherlands

Synopsis

Often the need is felt to schematize a river regime by one single
discharge, the Dominant Discharge, and to use this discharge for prediction
of changes in a riversitretch as a consequence of riverworks,

This article discusses some methods, as given in literature, to determine
the Dominant Discharge and gives a way to compute this discharge by means

of the hydrodynamic equations.

Résumé

Souvent il y a besoin de représenter un régime d'une riviére par un
seul débit, le DEbit Dominant , et d'employer ce débit pour la prédiction
des changements d'une extension d'une riviére comme conséquence d'ouvrages
de riviéres,

Cet article traite quelques méthodes, comme données dans la littérature,
pour la détermination du Débit Dominant et donne une manid&re de calculer

ce débit en se servant des équations hydrodynamiques.,



1le Introduction

The concept "dominant discharge" (D.D.) has been used widely for attempts
to schematize a river regime into one single discharge. Few fundamental studies
are reported on these concepts. In principle distinction has to be made between

the definition and the determination of the D.D. The objective of the use of D.D.

is clear: problems of river morphology are so complex that simplification is a
muste It is also clear that the simplified regime can never replace the real
regime as far as the reproduction af the morphological characteristics of a
river reach are concerned. One aspect hardly treated in literature regards the
question how to determine the D.D. for a river reach influenced by future con—
ditions, in other words it concerns the question whether the D.D. (however
defined) for an existing reach can be used for the design of the improvement of
this reach.

This paper deals with a short resume of some existing concepts of D.D.
(chapter 2) and considers the possibility of using the (non-steady) hydrodynamic
equations for a realistic approach of the matter.

This approach is a logical consequence of the development of computational methods
for the computation of bed-fluctuations under the influence of natural or artifi-
cial changes of the conditions for a river reach. The method gives a possibility
of the combined use of mathematical and hydraulic river models, taking the advan-
tages of each of those models and mutually compensating the disadvantages of each
of those models.

In chapter 3 an example is given together with the results of an experimental
check., The limitation in space of this paper naturally causes that only the main
lines of the investigation can be reported. The paper summaries the study Ill

carried out by the first author with collaboration of the second author.

2. Concepts of dominant discharge

In a recent article Ackers and Charlton |2| define a D.D, as follows:
" Dominant discharge is the steady flow, probably lying within
the range of imposed periodically varying flow that would
yield the observed meanderlength, €tCeecess"
Here, contrary to some earlier definitions the D.,D. is linked 1o a selected
parameter: the meanderlength. This implies correctly that the D,D. will have a

different value for different parameters,




This knowledge together with the definition does not yield much information on

the determination of the wvalue of this D.D.

Originally D.D. has been introduced in combination with the regime-"theory"
in order to extend the regime—ﬁtheory" to those rivers in which discharge and

charge vary throughout the year l3 o Intuitively it was assumed that this D.D.

corresponded to bankfull -stage and that it could be used for any parameter such-
as width, depth, slope, etc,
. Although the assumption of bankfull-stage made it possible to establish the wvalue
of the D,D, for an existing channel by means of observations it was impossiblé to
determine the D¢D. for a channel still to be designed., Bankfull-stage has there-—
fore been related to a frequency of duration |4I y, a purely statistical approach
which made it difficult to establish how far this could be extended to other
gituations. Moreover there is a contradiction in linking the D.D. to the bankfull-
stage as soon as it is accepted that a D.D. differs for different parameters.
Other engineers used a different approach |5| based on the reasoning that the D.D.
should be the discharge at which most of the formative work is done and should
"therefore" correspond to that stage at which the bulk of the bedload is carried
(see fige 1)
Besides the fact that it is difficult to decide at which stage the bulk of the
bed-load is carried (ee.g. median, mean etc. in fige 1C), this approach has the
same disadvantage as the bankfull-stage as the determination of the D.D, is not
based on a selected parameter in which one is interested.,
The method can be mathematically expressed.,
If the centre of gravity in fig. 1C is taken as an example the dominant depth is:
h, =f$h.s at (1)
S s at »
NEDECO l6| has tried to use a method more or less similar to the one mentioned
above, but based on a more sound physical reasoning.

NEDECO's basic assumptions can be written as:
Qe BSO/BX =0 (2)

this means that with D.D. steady conditions are prevailing.




b. ‘BfT 3z/ 3t dat =0

This indicates that the channel-bed has reached a dynamic equilibrium or in

other words the bedlevel moves around an average value.
If now the bedload equation is written as

b
S = 8.V

where b can be found from the actual bedload—function |7| then

s d gl oo s 9B dh
2 =5 (a.B0.070) = (1-b)3 57 - by 52

s‘Fm

If it is now further assumed that for any discharge

9n/dx = aho/ax

it can be found from Egs. (2), (3), (5) and (6) (if 9B/0x ,l.' 0)
that:

o gb—lzs at
Y R

or in cases of high transport where b is nearly constant:

n o= fTS at
°  rTs/m at

an expression similar in character to Eg. (1).
The weakness in this derivation lies in (6).
For cases where 0B/dx £ O generally dh/dx # aho/ Ox.

An improvement on this method can, however, be made by taking

the average

3n/dx = aho/ax

dh/3x can then be found from measurements and with Eq. (2) and a bedload and
discharge equation a De¢D, can be determined which would reproduce a aho/ax

equal to the parameter dh/ox as found under regime conditions,

(3)

(4)

(5)

(6)

(7

(8)

(9)




A great disadvantage of this method is that although a correct D.D. is found,
linked to the parameter 5E7§E not much can be done with it as it is only
valid for the existing situation for which the measurements have been carried
out, but is generally not vafid for a future situvation. If a D.D. is required
for the purposed of establishing the h/gx in the future, gnh/dx will have

to be predicted by means of a computation. By means of a hydrodynamic compu-
tation dh/ dx (x,t) (chapter 3) can be found, (with certain restrictions) and
thus also 9h/dx.

Instead of Oh/dx also another parameter could be taken if more apropriate

such as velocity, depth or bedlevel,

Note that 5%75§'is still a function of x and therefore the D.,D, is strictly
speaking valid for one cross—section only, which means that in hydrauwlic models
the D.D. should be established for the cross—section considered to be the most

important one.

3, Hydrodynamic approach

The idea of schematizing the river-regime into one (or at any rate a few
discharges) is attractive for mobile bed river-models as it is usually not easy
to obtain sufficient similarity for an entire regime., Moreover technical and
financial implications of using the entire regime are avoided by schematizing
the regime., It is not obvious to apply the hydrodynamic equations for schemati-
zation as the equations for the sand movement are vaguely known. Moreover, in
many cases the number of equations is smaller than the number of dependent
variables. In the case, however, in which the banks are fixed, four dependent
variables: depth (n), flow velocity (v), bedlevel (z) and sediment transport
(8) under the influence of the discharge Q(t) are linked by four equations viz.
the equations of motion and continuity for water and sand. The well-known
equations for the water do not give any difficulty. The equations of continuity

for the sediment

3z/dt + 9s/0x = O (10)
" is reasonably accurate if the variation of sediment in suspension can be neglec-—
ted. As has been shown earlier ]8,9' the bedlevel can be computed if it is
assumed

8 = f(v)

iece if the wvariations of roughness and mean grain-size can be neglected,




Both approximations have restricted validity; The effect of grain-sorting
can in principle be introduced in Eg. (10) as it can be shown easily for each

fraction 1 it holds
asi/ax + pi(')az/at + 6api/ax =0 (11)

if & is the depth of movement (supposed to be constant, which is consistent with
the assumption of constant roughness), and P represents the sieve fraction of
diameter D « Further 19 ( )— 199 in the case of sedimentation and p. (') % 19 (and
1o Dbe glven) in the case of erosion. Cpmputatlon for each portion separately is
hampered by an incomplete knowledge ofvsi = fi(v). This problem being a topic of
current research forces to neglect grain-sorting for the time being. As has been
shown earlier |8,9| , the three celerities (c) govering the problem are linked by

03 + 20v2 + (gh ~ v2 + gdf/dv)c - vgdf/dv =0

This cubic equation is plotted in a dimensionless form in figure 2, This figure
clearly demonstrates that for practical problems (low Froude numbers, say F<0,6
and relatively low transport intensities s/q) it yields |01’2l<k:03.
Thus the bedlevel varies much slower than the waterlevel, which reduces the pro-—
blem considerably as the watermovement can be assumed quasi-steady if the bed-
movement has to be computed. In practice it is attractive not to apply the method
of characteristics for the computation of bedlevel- variation. Different methods

are availlable |8| to solve the equations for a given set of boundary conditions.

The mathematical model referred to above can be used to schematize the regime
of a river for a hydraulic model, Some characteristics of the two models are:
a. The mathematical model only gives overall-values of h, v, s and z but the
variation with time can easily be obtained.
be The hydraulic model easily gives information of the parameters across the
river; variation with time is more difficult to obtain.
As explained in the previous chapter a D.D. can in principle only be established
for one parameter and for one cross-section., For riversin which navigation is
important this parameter could be the minimum depth or the highest bed-level du-
ring the hydrological cycle., The mathematical model is able to indicate during
what period the critical situation for the navigation is present and the hydrau-

lic model can be used to study this problem in detail by applying the D.D.



i.ees the discharge reproducing this critical situation.
It goes without saying that this method can also be used for not (yet) existing
circumstances. It therefore is, although not applicable for all riverproblems,

thought to be more attractive than the methods briefly outlined in chapter 2.

4, Example.

In this chapter two examples will be given, one of a test—case carried out in
a flume, the second concerns a widening in the river Waal one of the Dutch Rhine
branches.

The procedure can shortly be described as follows. In both cases a selected
parameter (f) will be computed as a function of place and time according to the
method as given in chapter 3. The time average of this parameter is then determined
for a certain cross-section and compared with the results of a number steady flow
computations, By means of this comparison it is possible to establish the value of
the constant discharge producing the same & as found under regime conditions; this
by definition is the D.D. for this parameter &, The procedure is shown in fig. 3 in
which for £is taken the bedlevel z., For the test—case the results are compared to
the values found in the flume. The example for the actual rivercases has been over-—
gimplified, it 1is therefore difficult to compare the results with those found in
the actual river. The similarity, however, is sufficient to use the D D, found

with some faith for a more detailed hydraulic model,

Flume
The first example concerns a constriction in width in a flume as given in fige 5e
In this flume, which had a bed of bakelite, three regimes have been run as given

in fige 6« For each discharge the amount of sediment fed into the upstream end of
the flume corresponded with equilibrium conditions for that discharge and the
average slope of the channel bed; this was established by means of some preliminary
measurements. From these preliminary measurements it.appeared that the Meyer-Peter
and MUller bedload function gave good results provided a few modifications were
introduced regarding roughness and ripplefactor. As parameter & the average bedlevel
in the constriction has been taken, In figure 7 the results of the steady flow
computation are given, and in table 1 the results of the computation for regime
conditions together with the D.D. that follows from the comparison between both
results. In fig. 7 also the results of some steady flow measurements are given
which show that a reasonable agreement with the computation exist, the D.D.

found in this way therefore should give good results; a further proof of this

is given by fige 8 where the results of measurements under regime conditions are

given together with the value as found from the D,D.



Table 1

RUN | 7 from transient flow Qo in 1/s

computations in cm

1 25425 31.5
2545 30.6

247 33.8

Waal river

In fige 9 an oversimplified schematization of the river Waal near Nijmegen is
given, The jump in bedlevel due to the widening has been computed according to
the method indicated in chapter 3. For this purpose an average regime has been
assumed; the results of the computations are given in fige. 10. It can be seen
that the average jump in bedlevel can be taken as 0.5 m.

In fige 11 the results of a steady flow computation are given; the jump of 0.5 m
corresponds to a discharge of a little more than 1500 m3/s which therefore can be

taken as D.D, for this case.
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Symbols

a constant
channelwidth

the suffix o indicates the value for D,D.

exponent, to be considered as a transport parameter
celerity

particle diameter

Froude number

function of

acceleration of gravity

depth of flow

slope

function of

sieve fraction by weight

discharge

bed-load transport in volume per unit time
bed~load transport per unit width and time
time interval

time co-ordinate

flow velocity

co—ordinate

bedlevel

depth of bedload movement

a parameter




References

Ackers, P. and
F,G, Charlton.

Inglis, C.

Nixon, M.

Nedeco

Prins, A.
Schaffernak, F.
Vreugdenhil, C.B. and
M. de Vries

Vries, M. de

Vries, M. de

Dimensional analysis of alluvial channels with special
reference to meanderlength,
Journal of Hydraulic Research, 8, no. 3, 1970,

Discussion on systematic evaluation of riverregime,
A,8.C.E, ,- Journal of Waterways and Harbours division,

94, Ww 1, 1968.

A study of bankfull discharges of rivers in England and
Wales,
Instn, Civil Engr. Proceedings, paper 6322, Febr. 1959.

Riverstudies Niger and Benue, Amsterdam, North Holland
Publ., Company, 1959.

Dominant Discharge.
Waterloopkundig Laboratorium Delft, Research report
S 78-III, 1969. :

Neue Grundlagen flr die Berechnung der Geschiebefilhrung
in Fluszldufen,
Leipzig und Wien, Franz Deuticke, 1922,

Computations on non-steady bedload-transport by a pseudo-
viscosity method.
I.A.H.R. Fort Collins, 1967.

Considerations about non-steady bed~load transport in
open channels,
I.A.H.R. Leningrad, 1965,

Application of luminophores in sandtranspori studies.
Delft Hydraulics Laboratory, publication no. 39, 1966.



——> BEDLEVEL 2z

0

—= WATERLEVEL

i

FIG. 2 RELATIVE CELERITIES

CELERITES RELATIVES

TRANSIENT FLOW COMP.

STEADY FLOW COMP.

=t TIME

FiG. 3

g
L
i
]

/&

Q, FOR 2

FOR Zppgy —> @

- 10 —

1 1 1 1 Al
00 40 80 100 200 500 1000 2000 5000 O 10.000 20.000 30.000 40.000
DAYS/YEAR j(h) BEDLOAD IN m*/ DAY s(h) jthi.sth)
. Fla. 1
||
1 w
10 N 100
N\ b
\\‘. 3
\ \.\_ i 2 80
N\ I it N g AT THE BEGINNING OF THE TESTS
<] | I T [ A e —— AT THE END OF THE TESTS
[ 3 60
10 e
4
¢ /
e 9, (POS) e E 40 4
— — — p, (NEG) g V4
®, (POS) &
107! v:bg T 0 7
%
v
id .
0 = = 7
5 10 2 5 10 2 4
. —_— nm
Fla. 4 SIEVING-CURVES OF BEDMATERIAL
107 - COURBES DE TAMISAGE DES MATERIAUX DU LIT
105m  3.00m  105m
| 0.15m
-3 T~ -
10 0.36m
i — T~
™~ Fla. 5
10-4 S
— F~ 40
- i 1 [
sl L |
s B
0 0 0.2 0. 16 0 L 1 1 1 1 1 1 ]
i 0 17 2 3 4 5 & 7 8

REGIME FOR RUN 1

0 1 1 { 1 1 1 { j
[ 1 2 3 4 5 6 7 8
REGIME FOR RUN 2

U

——Q in /s
Y 8
I T 1

0 ] i " i 1 i i ! ]
0 1 2 3 4 5 6 7 8
: REGIME FOR RUN 3 ~——tin hours

Flg. 6




- :
2 N g
& * g
Y &
g :
3 ] W
‘1‘1 25 > §
& .
° @ COMPUTATIONS 3
£ O MEASUREMENTS
N W MEASUREMENT CONTINUED _ T
T FOR ONLY 13hours ‘\ .
20 ’20 -
0 10 20 30 . 40 50 0 4 3 12 16 20 24 28
—Qinl/s. — DISTANCE in m
FIG. 7 BEDLEVEL IN NARROWING vs DISCHARGE, FIG. 8 BEDLEVELS UNDER REGIME CONDITIONS
STEADY CONDITIONS E (MEASUREMENTS ), RUN 2
NIVEAU DU LIT DANS LE RETRECISSEMENT ys LE DEBIT, NIVEAUX DU LIT SOUS REGIME DU DEBIT (MESURE)"
CONDITIONS PERMANENTES ESSAI 2
‘ | * IR [0y e
‘250'" 280m B ]250'" 1 25.25 315
lum 884.200 2 25.5 30.6
Ll// . 3 24.7 33.8
1 km 884.800
Flg. 9
o 340 - £ 08
3 PR <
" /j N
S 320 . '~ 0.7
2 \ N
E feo Fd f
g7 o=l 06
g /
W 280
E 0.5
«Q
{2 /
) 0.4
240 /
———— g )Zgﬁgs 0DAYS 0.3
2.20f— cerrereeierees 9 YEARS 850 DAYS /
: — e - — O YEARS 180 DAYS ,
e G YEARS 270 DAYS
2.00 /
1.80 o1}
882 883 884 885 886 387 % 1000 2000 3000 4000
— i -—->Q in m3/s
FIG. 10 COMPUTED BEDLEVELS RIVER WAAL NEAR NUMEGEN FIG. 11 COMPUTED JUMP IN

NIVEAUX DU LIT CALCULES DE LA RIVIERE WAAL PRES DE NUMEGEN

- 11 -

BEDLEVEL vs DISCHARGE,
STEADY CONDITIONS

RESSAUT CALCULE vs LE DEBIT,
CONDITIONS ~PERMANENTES



