
River Morphodynamics - Formula sheet

Momentum equation for water flow:

∂u

∂t
+ u

∂u

∂x
+ g

∂h

∂x
+ g

∂zb

∂x
= −

gu2

C2h

Mass balance for water flow:
∂h

∂t
+
∂(uh)

∂x
= 0

Froude number: Fr =
u
√
gh

Discharge per unit width for rectangular cross-section: q =
Q

B
= uh

Sediment transport formula of Engelund and Hansen:

qs = mun = 0.05
u5

√
gC3∆2D50

Uniform flow

Flow velocity: u = C
√
hib

Equilibrium depth: he =

(
q2

C2ib

)1/3

Critical depth: hc =

(
q2

g

)1/3
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Steady non-uniform (gradually varied) flow

Method of Bresse:

x1 − x0 =
he

ib
[(ζ1 − ζ0)− γ (ψ (ζ1)− ψ (ζ0))]

with γ = 1−
C2ib

g
, ζ =

h

he
, and ψ (ζ) obtained from the table below.

Approximation according to Bresse:

h = he + (h0 − he)

(
1

2

)−
x− x0
L1/2

with L1/2 =
0.24he

ib

(
h0

he

)4/3

Approximation for small deviations from the equilibrium depth:

h = he + (h0 − he)e
3(x− x0)

L

with L =
h3e − h3c
h2eib

or for Fr << 1 L =
he

ib
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Advection-diffusion equation for flood wave propagation

∂h

∂t
+ cw

∂h

∂x
−Kw

∂2h

∂x2
= 0

with cw =
3

2
u and Kw =

1

2

C2h2

u

Exner equation

∂qs

∂x
+ (1− εp)

∂zb

∂t
= 0

Morphodynamic change

∂zb

∂t
+ cm

∂zb

∂x
= 0 with cm =

nqs

(1− εp)h

∂zb

∂t
−Km

∂2zb

∂x2
= 0 with Km =

nqs

3(1− εp)ib

Morphodynamic equilibrium

heq =
Q(
Qs

m

) 1
n

B( 1
n
−1)

ibeq =
1

C2

(
Qs

m

) 3
n

Q
B(1− 3

n)
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List of symbols in the formula sheet

B river width [m]

C Chézy coefficient [m1/2 s−1]

D uniform sediment diameter [m]

Q flow discharge [m3 s−1]

Qs volumetric sediment transport rate [m3 s−1]

∆ submerged specific gravity of the sediment [-]

g gravitational acceleration [m s−2]

h flow depth [m]

h0 flow depth at x0 [m]

ib bed slope [-]

m coefficient in the sediment transport formula of Engelund and Hansen [m−3 s4]

n exponent in the sediment transport formula of Engelund and Hansen [-]

q flow discharge per unit width [m2 s−1]

qs volumetric sediment transport rate per unit width [m2 s−1]

t time [s]

u flow velocity [m s−1]

x longitudinal coordinate [m]

x0 location of a reference point [m]

zb bed level [m]

zw water level [m]

εp porosity of the river bed [-]
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