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What are we interested in ? ‘

Factors

WATER
SEDIMENT

Other Plants
’ Animals

factors?  Luman
activities




=PFL - What are we interested in ?

Factors Outcomes

Flow discharge

Longitudinal profile
g=q(time, space)

Cross-section shape

Sediment discharge
0s=0s(q, grains, slope)

Planimetric
configuration
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Flow discharge

Variables

= Climate

Precipitations:
types and amount

» Seasonality

= Soil
* Type (permeability)
e Saturation

= Human activities (e.g.,
regulation by dams)

Temporal variability
" g=q(Y)

Spatial variability

Thur (Andelfingen)

300
© 250
o
£ 200
= 150
[=
2 100

50

3940 3990 4040 4090 4140 4190
Time [hours]

Ganglinie der Tagesmittel Dauerlinie der Tagesmittel (erreichl oder Gberschritten) Jahresmittel
— —— Hydrogramme des moyennes joumnaliéres — - Courbe des valeurs classées moyennes journaliéres (atteintes ou dépassées) « Moyenne annuelle
| | — X Andamento delle medie giomaliere Curva di durata delle medie giornaliere (raggiunte o sorpassate) Media annua
1 3 59 a0 120 151 181 212 243 273 304 334 385 ]’age
ours
300 Giomi
AU) Flow [mc/s]
N
> aw fe
— -
o) It B [W L\ A
T i S A .Aﬁq I, 1
® e T V N \W\/\]\J
- B N e i el et et et FAne | AN P s S
1 I o v v Vi Wil Vi X X Xl Rl
Ganglinie der Tagesmittel Dauerlinie der Tagesmine\ (erreicht ader Gberschritten) Jahresmittel
—— Hydrogramme des moyennes joumaliéres - - Courbe des valeu moyennes journaliéres (atteintes ou dépassées) < Moyenne annuelle
Andamento delle medie giormaliere Curva di durata del\a medie giomaliere (raggiunte o sorpassate) Media annua
1 31 59 90 120 151 181 212 243 273 304 334 365 ]395
ours
~~ 800 T Giorni
w Flow [mc/s] l
2 80Dy
2 x - f\ N Jk
— N fila¥ I\
o L 4w — Y Ad
a R e ¥
0 200 =~ _ A | A
> MVWMWM IR bt EEEEER -W‘NJ——MM’}\
®) 0 i
| n mn v v Vi i i X X Xl X1
Ganghme der Tagesmittel Dauerlinie der Tagesmittel (arre\:hl oder (berschritten) Jahresmittel
= Courbe des valeurs cla: atteintes ou Mnyenne annuel\e
— Andamenlo delle medie giornaliere Curva di durata delle medie g\arnallare (raggiunte o sorpassate) Media
L 1 31 59 % 120 151 181 212 243 273 304 334 35 |3g¢
800 tormi
O Giorni
- ~—
> Flow [mc/s] A[\"'\
O 0 e = 1 '
5 3 PR A
82, o EE I N LANVE ) !
S % L LA R e R W A
e 1 y Nl St had-A
ER AL AR L AN TRRE = A

L\ v Vi Vil Vi X X X X



=PrL

B Hydraulique fluviale et aménagement de cours d'eau

Sediment

= Particle size (D)

e inside

- outside the channel: bank erosion,

e Usual

- Gravel bed rivers

e Sand bed rivers
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= Availability of bed material

Supply limited
(usually in bedrock rivers)
VS.

Transport capacity limited

the channel: riverbed

landslide (eventually with organic material)
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Sediment transport rate ’
Transport capacity Real sediment transport rate
Js = Js (q(x,t) , D5o) » Bedload measurements

with Helley-Smith sampler

0s = s (0(x,1) , Rey)

1 =1\v://-‘- IT%‘
0 = Suspended load measured
o1 \< through vertical integrated samplings
oot lIItT sand 1 f

Several
relationships
depending on
transport
mechanism
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(previous lecture)

Morphological response
Planimetric configuration

Longitudinal profile
;[3 Cross-section geometry
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Longitudinal profile

Elevation of the thalweg

Centerline

Common characteristics among rivers

» Progressive decrease of bed slope
« Concave shape
« Smoothing over time

The longitudinal profile appears to
follow a sort of «universal law»

H/Ho

Age, A, millions years
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Radoane et al.

2500

2000

1500

1000

Elevation [m AMSL]

500

25

Longitudinal profile of the
upper Rhéne

50 75 100 125
Distance from Rhoéne glacier [km]

150

175

10



=PrL

B Hydraulique fluviale et aménagement de cours d'eau

Longitudinal profile

Achievement of an equilibrium profile

Continuous adjustments between erosion
and deposition processes

Long-term evolution predicted by
numerical models (e.g., Snow and
Slingerland, 1987)

Temporal space between profiles = 20y

Different initial bed profile (different
concavity) - information on the I.C. is lost
just after the first timestep (t=20y)

BED SURFACE ELEVATION (m)

40 70
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100
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Longitudinal profile

Downstream control on the profiles

12

Usually the BC is defined by the sea level

Local/Temporal BC:

- alake

- an alluvial fan

« channel narrowing/widening
« bed material composition

Objective Earth (2008)
Actual longitudinal profile

Local level (lake)

o
il
‘§ River reach
Q subjected to
W deposition Sea level
River reach subjected R
to erosion / l

Theoric equilibrium profile

Horizontal distance

Société Suisse de Géomorphologie (SSGm) — Schweizerische Geomorphologische
Gesellschaft Fiches — Géomorphologie de la montagne — Ao(t 2009
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Bed decomposition

- Main channel, corresponding to low water flows - g<mean(q)
- Bankfull channel

 Floodplain

Relationships between bankfull channel and...

< offshore discharge, vegetation, catchment area, grain size
(Schumm, 1960; Hey and Thorne, 1986; Parker et al., 2007)
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=PFL  Transversal profile (cross section geometry)

Assuming rectangular cross-section:

Q=Axv=Bx*xh=*xv
« B = aQ® (bankfull
* h = cQ’ (water depth)

* ¥ = kQ™ (mean flow velocity)

According to the literature:
* b,fandm>0 wusually, b=0.6,f=0.3andm=0.1
* a, ¢ and k depend on watershed properties (e.g., catchment area, land use)

Can all flow rates lead to an adjustment of the hydraulic geometry?

B Hydraulique fluviale et aménagement de cours d'eau



=PFL  Transversal profile (cross section geometry)

Barry et al. (2008)

Iy
Un) e Formative

discharge

— 1.
~

‘,"' O = ot
A (bankfull discharge)

and (ii))
Effective Discharge

k..

gs = q(Tr=2-5 years)

"-.._\-_

(i) flow frequency; (ii) bedload transport rate; and (iii)
frequency-weighted bedload transport rate (product of (i)

T

111 A

discharge
Incipient

motion
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