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Introduction

Physical
models

A river basin
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Introduction ‘

River Glomma

www.norgeibilder.no
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Introduction °

Lake @yeren's
delta
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Introduction

Single channels,
bifurcations and
confluences
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Introduction !

Bedforms of a
sand-bed channel
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Introduction

Computational effort & resolution requirements

Degree of averaging & simplification

Modelling of flow and sediment transport in rivers
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2. Basic ideas of flow and sediment modelling

Millenia

Centuries

Decades

Years

Months

Days

Hours

Seconds

A

Flow modelling approaches

"Manning eq.", e.qg.
for calulation of travel
times for overland flows

DNS = Direct Numerical Simulation

LES = Large Eddy Simulation

RANS = Reynolds-av. Navier-Stokes Eqg.
SWE = Shallow Water Eq.
DWE = Diffusive Wave Eq.

KWE = Kinematic Wave EqQ.

v

Point Local Reach Catchment Landscape
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Basic ideas of flow and sediment modelling

Hydraulic resistance =
the pressure (head) loss per flow rate

because of energy dissipation

Classical division into two compounds:

Hydraulic resistance

\ 4

+ | Form resistance

Y

Friction resistance

P —

i

- !
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I

L <

Shear forces Pressure forces
(act normally over the

(act tangentially
over the surface) surface of the body)
Gravity force component = Shear force on the river bed

SINTEF

"Bed shear stress”
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Basic ideas of flow and sediment modelling

2
7, cU

Skin friction coefficient C, = the bed shear stress
normalized by a reference

For rough turbulent flow

11

velocity, e.g. bulk velocity
C,=—2
f —2
1 7. =R-p-0-S| "Bedshear
: PU L P9 stress"
B - U = Flow velocity
U= R-p-g-5 = 2—g\/R-S =C+/R-S R = Hydraulic radius
C,3p C; S = Slope
Chezy Manning Strickler Darcy-Weisbach
21 2 1 1
U=CVRS  U=ZRS?  yok,Resz U= 80RS
n
C = Chezy n = Manning k .= Strickler
coefficient coefficient coefficient

A = Darcy-Weisbac
friction factor

For steady uniform flow!!!

Overall resistance values: Friction factors

CEDREN Centre for Environmental Design of Renewable Energy

SINTEF



Basic ideas of flow and sediment modelling 12

1D, 2D and 3D hydrodynamic models

]

RS

c) 3D mesh

a) 1D mesh b) 2D mesh

Computation of average flow parameters
a) Over the cross-section (1D)

b) Over the vertical, per model cell (2D)
c) Per model cell (3D)
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Basic ideas of flow and sediment modelling 13

Sediment modelling

Fluid force

Flow

>

Water surface

Suspension . O 4 ? "
mmmmmm) v Fall velocity
Bed load: Saltating- ¥

Bed load: Sliding O
- .’ & : o " \‘

' )
X
()

Bed load: Rolling

A

100
ra
Hyds roueh, | Particle in suspension =
g Gravel .
N / / | when the flow velocity exceeds
CEN / / Motion the fall velocity
K = S .
“\-/ = / o ®°R% 3o '. .o o5 : :
o - / N Begin of sediment transport
B Y / (erosion) = when the bed shear
10 411 1A 1Al 11 e |
e 1 10° stress exceeds

a critical Shield's stress
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Basic ideas of flow and sediment modelling

¢ = Sediment concentration Convection-diffusion equation for suspended sediment:

I' = Diffusion coefficient oc oc oc o [1“ 2 ]

—+U, +w—=
ot ‘ ax. ; ox ax. ; ax. ;
Watersiiffaca Fall velocity

N
Suspension O/A O 4

yd

suspended load

Bed load: Saltating- ¥

Bed load: Sliding O Bed load: Rolling
5 '> ’ < l VI

Q0 QOO0 i)
90000000000
X CCOCO00

Empirical formula (Van Rijn) for the D., 715

equilibrium sediment concentration ¢, = 0.015
close to the bed

A bed & suspended load

1.3
a D).
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Basic ideas of flow and sediment modelling

Sediment processes:

Much less understood
Many different approaches,

>
>

overhang
generated on
upper bank

failure surface

preferential
retreat of
erodible
basal layer

cohesive layer

noﬁ‘c&he‘ayerq_

often based on empirical formulas

Large differences between sand-bed rivers
and gravel-bed rivers

High uncertainties

CEDREN Centre for Environmental Design of Renewable Energy

short banks
with steep

failure surface

Sediment transport functions

Cohesion / coagulation of fine
sediments

Interaction between grain sizes
(Hiding-exposure, sorting .... )

Bank failure

SINTEF
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3. Some examples for flow and sediment models

Millenia
CONCEPTS;
HEC-RAS
Centuries
Decades SSIIM
Years
Months
Days
Landscape
Hours Ao River basin evolution
230 | DNS  Hydrodynamic models models models
Second TU Dresden
Reach Catchment Landscape
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Model examples
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LISEM

Overland and
channel flow routing:
Manning's eq. +
Kinematic wave

The net sediment in suspension is transported
between gridcells with the kinematic wave.

Output:
Erosion and
deposition maps

SINTEF 'é'nm
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Model examples

1D Models

Examples for
unsteady 1D

HEC-RAS

flow models with (UASCE)
sediment transport
2 Sediment HEC- CON-
s e S modelling feature RAS 6 CEPTS
2 o
o = \'"_.&%// actual groundwater surface Several grain sizes X X
5 | j e :
L) = Tracking bed changes X X
CONCEPTS Susp. & bed load X X
e . (Langendoen Cohesive and non- X X
g Dok proe ater e N etal. 2003) cohesive sed.
3 lateral erosion and / Sorting & Armoring X ?

bank profile after erosion

Stream bank failure X
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Model examples

Direct Numerical Simulation (DNS)

D OX
*°8H
1

0

Resolving the flow field around each single particle;
Each grain is directly moved by the calculated flow forces
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4. RANS Modelling study for Lake @yeren's delta

Millenia

Centuries

Decades

Years

Months

Days

Hours

Seconds

Use of "SSIIM" =

a 3D RANS model,
developed by

Nils Reidar B. Olsen (NTNU)

Point Local Reach

CEDREN Centre for Environmental Design of Renewable Energy

Catchment Landscape
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4. RANS Modelling study for Lake @yeren's delta “

Morphological features of the delta

Delta plain
Delta plain and platform

(a) Topset deposit

Delta platform

Deposition on delta plain
4. 400000t

Foreset slope

Turbidity current =,

Deposition on platform/
bottomset

5. 300000t

(c) Bottomset deposit
(mud)

Structure of a deltaic deposit

Bottomset beds
(Deep basin)

Water stage on contour

. . 100-101m

in a lake or reservoir (Kostic & Parker 2003) 96 -100 m
<96 m

In this work, we investigated only

processes on the delta plain! Al

Bogen & Bgnsnes (2002)
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4. RANS Modelling study for Lake @yeren's delta “

Under
mean
conditions

Lo

During the 1995 flood

During the
winter lowering
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4. RANS Modelling study for Lake @yeren's delta

Iy

subaerial levee - i
JUOTERNITTRINIRR: Sl B - * coarsest sonds
% finer sands
=~ silt and clay
Plan view : & 02 Z"- interbedded sands
5 - ST and silts

mouth

Longitudinal profile

Morphological processes on the delta plain

Levee deposition = an
important process for delta
formation and development

CEDREN : _ SINTEF
Centre for Environmental Design of Renewable Energy



4. RANS Modelling study for Lake @yeren's delta

NVE (2002)

Sediments
deposited
by the flood
1995

.
% |
u
.

@yeren’s delta, 6. Juni 1995
(Water level 104,35 m a.s.l.)
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4. RANS Modelling study for Lake @yeren's delta ®

106 4000 70000
1 Sediment Bingsfoss
= Water level, Morkfoss 60000
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}Tykkclseﬂomsedimenmr ( —|.| THHHetnninnmy. =™ = - - - = =
10-20¢cm S == : : 8 g 5 5
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Omrader uberart av flommen Date
Sedimentation heights 1995 Water and sediment time curves during the 1995 flood

(Bogen et al. 2002) (NVE Database)

How good can we model the levee depositions of 19957
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4. RANS Modelling study for Lake @yeren's delta

26

The choice of the mesh size —

a balance between the quality of the input data,
the processing power of the computer
and the accuracy of the numerical solution

Number of grid cells for the 10 m mesh shown: 1.7*106
(computational time on a 16 processor 1.9 GHz

IBM Power PC node: 2 to 17 hours for a stationary
computation, 2-3 weeks for a flood simulation, 2009)
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Spatial structure
of the grid

for lake stage
101.37 m a.s.l.
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4. RANS Modelling study for Lake @yeren's delta o

NVE's ADCP measurement 800 v

- Comparison of model results
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4. RANS Modelling study for Lake @yeren's delta

Vegetation
structure

types
(Data base:
NIJOS 2002)

0 250 500
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Legend 1 )
Il Low-herb woodland |:cell = E p- CD -a-u /
I Tall-fern and tall-herb woodland
"7*>"] Swamp woodland and scrub
“= Grassland /
. Freshwater shore vegetation
' Cropland
Others For the flood case:
3D vegetation
parameters needed

SINTEF
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4. RANS Modelling study for Lake @yeren's delta

Measurements Baseline data set Case "No vegetation”

(B)

o

) Tykkelse flomsedimenter

> 20cm

10-20¢cm

5-10cm

0=-5cm d
Omrader uberart av

Measured and computed island deposits for the 1995 flood (zinke et al. 2011)

500  1000m () 0 50 1000m ~d (E)

Uncertainties about vegetation parameters and modelling approaches:
one of the key factors for the modelling of levee depositions!
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5. Short Summary

Millenia
Centuries
Decades
Years
Months
Days
Landscape
Hour: (St River basin evolution
models models
(E)

Seconds | (DNS)

Point Local Reach Catchment Landscape
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Thank you!

Many thanks to the CFD group
at NTNU-IVM Trondheim and
all research partners!

Contact:

Peggy Zinke

SINTEF Energy Research

Water Resources Research Group
Trondheim

Peggy.zinke@sintef.no
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