Deltares
‘s

Morphological model of the River Rhine
branches in The Netherlands

from the concept to the operational model

Mohamed F.M. Yossef
mohamed.yossef@deltares.nl

Wednesday, 12 October 2016 |



mailto:Mohamed.yossef@deltares.nl

Motivation

The Rhine River is considered the backbone R 4
the Northwest European waterways networki,  Kemerianos

- Efforts are made to maintain and improve the; e
navigation channel.

* A need for a tool that enables:
 analysis of historical trends,
 prediction of future trends,

 evaluating different measures The RRINE

= a numerical model, [ s -
that is accurate and (fast)
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« Client: Rijkswaterstaat Oost-Nederland: the river manager

« Target: maintain a sustainable navigation channel NL+D.

* The project is called “Duurzame Vaardiepte Rijndelta”
(Sustainable Navigation Channel Rhine delta)

BELGIUM

Upper ~Rhine
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Grids
Schematization
Time management
Dredging

Hydrodynamics
Morphology
Dredging

Effect of longitudinal dams

Dredging the navigation channel , g,
Sediment nourishment |

experiment
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Phase 1 (2005) )
* Model construction
« Development, implementation and testing of innovative aspects
Phase 2 (2006) o
Primary calibration — Initial phase
« Case studies
Phase 3 (2007)
* Model operationalization: Calibration & optimise for speed
Phase 4 (2008)
* The operational model - further improvements
+ Testing measures (by different consultants)
2009
+ Extension to complete all branches
« Testing measures (different consultants, supported by Deltares)
2010
* update of the model (extend the hydrograph)
« Testing several measures (different consultants , supported by Deltares)
2011
« Testing measures (different consultants , supported by Deltares)
2012-2014
* Improvements and Application to give advice (Deltares & different consultants)
2015
« Extension to graded sediment and nourishment testing (Deltares)
2016-2017
* Migration to flexible mesh
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Model construction = Extent

The model is around 360 km long, covering:
Bovenrijn
km 853-867 (Emmerich — Pannerdensche Ko

Waal
km 867-953 (Pannerdensche Kop —Werkende

Pannerdensche Kanaal
km 876-879 (all Pannerdensche Kanaal)

|Jssel
km 879-912 (IJsselkop — Doesburg);

Nederrijn
km 879-889 (lJsselkop — Driel).
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Model construction = Domains

Ketelmeer € |Jssel

Use of domain decomposition at bifurcations
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Example grids = impact on results
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Example grids = impact on results

4255 x10°  Unitdischarge [m2/s] for grid 'or' at upstream discharge Q = 3080 m°/s
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S
Example grids = impact on results

x10°  Unitdischarge [m2/s] for grid 'r1' at upstream discharge Q = 3080 m°/s
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ample grids = impact on results

x10° Unitdischarge [m2/s] for grid 'r1c¢' at upstream discharge Q = 3080 m°/s
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y coordinate (m) —

Example grids = impact on results
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Model construction = Schematisation

 GIS stored information (BASELINE: ArcView add-on)
« Reference schematisation including:
* bed topography,
* hydraulic roughness,
« Structures:
> Dbarriers
> groynes (as weirs),
> dikes
> steep obstacles in the floodplains. 9

« Initial topography (year 1997), replaced by the multi-beam measurements p
(1999 for the Waal and Bovenrijn, 2002 for the Pannerdensche Kanaal)

* Non-erodible layers add

i
Pt
V/

.-
I

Deltares

15 October 2016



Main channel:
* Roughness is based on alluvial roughness (dune height
prediction)
* Roughness specified per river reach (between measurement
stations) and variable in longitudinal direction (based on
hydraulic calibration)

« Avoid sharp transitions in roughness

Floodplain
* Roughness based on vegetation coverage, with analytical
model to calculate vegetation roughness.

Deltares
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Groynes, weirs, other obstacles: all defined in the model as weirs.

10
Measures such as groyne removal, lowering, shortening or

extending can be simulated easily.
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Running lona simulations: quasi-steady & accelerated

 Repeat a yearly schematised hydrograph using a sequence of steady
discharges

« Apply a “morphological acceleration factor” to speed up morphology
(same morphological changes in shorter flow period): factor 50 — 200
« morfac isinversely proportional to discharge

8000 - 5 il —
Morphological time Q2 Hydrodynamic time
7000 | / m
6000 [ /mor fac il
5000 Q 1 i
o i
‘E 4000 | tan
o 0
3000 n
2000 m
1000 m
0 . . !
1993 1994 1995 i W % %

Time Tne
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Simulation management tool = running lono

simulations

Operated using Python scripts @ python

> database
! @ python
iy [ ! I o
(o
= restart restart restart —
5 = . - - | > e
v file | | file W ge |y file N L%
& 12 2 Q%% 12 2 2 o
S S s S 5 ' 3
_JI - D S SL, Q2 = = = g
<
@ python < >
4

» hydrodynamic parameters

——————— » morphodynamic parameters

15-Oct-16

24
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http://www.python.org/
http://www.google.nl/imgres?imgurl=http://www.delft3d-cm.nl/extras/styles/d3d/d3d-logo_grijs.gif&imgrefurl=http://www.delft3d-cm.nl/&usg=__FILbWxPtUtOnbVbDGkFaxNfiyHw=&h=50&w=50&sz=2&hl=nl&start=9&zoom=0&um=1&itbs=1&tbnid=Vat0Usjv1_o_7M:&tbnh=50&tbnw=50&prev=/images?q%3Ddelft3d%2Blogo%26um%3D1%26hl%3Dnl%26sa%3DN%26tbs%3Disch:1
http://www.google.nl/imgres?imgurl=http://www.delft3d-cm.nl/extras/styles/d3d/d3d-logo_grijs.gif&imgrefurl=http://www.delft3d-cm.nl/&usg=__FILbWxPtUtOnbVbDGkFaxNfiyHw=&h=50&w=50&sz=2&hl=nl&start=9&zoom=0&um=1&itbs=1&tbnid=Vat0Usjv1_o_7M:&tbnh=50&tbnw=50&prev=/images?q%3Ddelft3d%2Blogo%26um%3D1%26hl%3Dnl%26sa%3DN%26tbs%3Disch:1
http://www.google.nl/imgres?imgurl=http://www.delft3d-cm.nl/extras/styles/d3d/d3d-logo_grijs.gif&imgrefurl=http://www.delft3d-cm.nl/&usg=__FILbWxPtUtOnbVbDGkFaxNfiyHw=&h=50&w=50&sz=2&hl=nl&start=9&zoom=0&um=1&itbs=1&tbnid=Vat0Usjv1_o_7M:&tbnh=50&tbnw=50&prev=/images?q%3Ddelft3d%2Blogo%26um%3D1%26hl%3Dnl%26sa%3DN%26tbs%3Disch:1
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
http://www.python.org/
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Dredging and dumping module

Functionality

* dredging within user defined polygons (arbitrary number)
° may encompass large or small areas flexible)

« dumping within user defined pongons",( rbitrary number)

« distribution of dredged matenal over dumping areas given by user in
advance (new)

- 2 T%Wmd n urlshrﬁept

mt’ervals (new)
ries of dumping blocks (new)




Dredging and dumping = criterion

Trigger dredging when:
 Bed level above threshold

a) threshold level prescribed clearancé T~
(spatially varying threshold
level allowed), or

b) constant (per polygon) water (a)
depth below specified
reference water level reference level

(spatially varying water level
allowed e.g. OLR)

 with, a given dredging rate

threshold level
constant per

dredge area

« externally provided sediment
(nourishment)

(b)

15 October 2016



Dredging and dumping =2 method/otfi\dns

: - dredge method

I a) dredge top first, i\ §\ &\
: b) dredge proportional,

|

L c) dredge uniform (@) (b) (©) !
: *  dumping method N :
I .

: a) dump deepest first, N . :
| b) dump uniform (a) (b) |
| |
e e e e e e e e e e e e e e e e e e e e e o o e e e e e e e e = = e e e = = e e = = = - J

» dredge time constraints
* only within certain period

*  minimum time since previous
dredge action

* only below a certain minimum
water depth

Deltares
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Hvdraulic calibration
L

h (m)

- Discharge distribution

- Water levels

Tips:

15t step - split branches;

use desired discharge per branch
start from the downstream end

avoid large jumps in roughness values

4,326 Py

4324

4322 E™

(S

y coordinate (mp —»
e
=
on

4.0

4314

413+

8 I I I I |
measurement 3 sep 2003
ra= calculation. L. _____
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Requirements

The formula should have a similar behaviour as the MPM formula for
Shields parameter values below 0.09, which corresponds to the
conditions in the Bovenrijn.

The formula should have a similar behaviour as the EH formula for
Shields parameter values above 0.3, which corresponds to the conditions
in the Midden-Waal and the Beneden-Waal.

For physical reasons, n in (S =mu") should always be larger than 3.
Preferably, the degree of nonlinearity should decrease monotonously as
the Shields parameter increases.

n should be about 4 or 5 for large Shields parameter values. The value of
5 complies with the EH predictor.

Deltares
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Tested Formulations

Engelund & Hansen, (1967)
preferred for lower parts

_ 5
Sen = Qgy Mgy U

0.05
JoC*A?D,,

Combined formula = test
P

EH

o, =
P ﬂe

SASa = (aMPM Mypp )ap (,ué? — Oy )aF

L

Van Rijn (1984)

he formula of Van Rijn (1984) takes the form:

S=§,+S, (A1)
here:
0.053,/A g D2, D.**T** for T <3.0
_ \/ 9 D5 (A2)
0.1 "A g D3 D.°°T**  for T 23.0

First the bed-load transport expression will be explained. In Eq. A.2 T is a dimensionless bed shear parameter, written as:

T=/lcfhc'1'bcr (A.3)

Ther

It is normalised with the critical bed shear stress according to Shields (), the term 7, is the effective shear stress. The formulas of the shear stresses are:

T =% Pu foU’ (A4)
0.24
R — (AS5)
[log,, (12h/¢&,) ]
2
18log,, (12h/
”cz[ gm((:’ fc)] (A8)
where Cg g is the grain related Chézy coefficient:
12h
C'=18log,,| — AT
& =
IThe critical shear stress is written according to Shields:
Toor = PuA G Dol (A8)

in which & is the critical Shields parameter for initiation of motion, which is a function of the dimensionless particle parameter D.:

Ag

2
3
v

MPM

SASb = Up 'SMPM +(1_aP)'SEH
%/_J . vl

MPM

EH
van Rijn (1984)—— >

S\/R =Opgep - SBED g SSUS

15 ¢

D. =D, {—Z (A.9)
IThe suspended transport formulation reads:
s,=f, uhc, (A.10)
In which C, is the reference concentration, u depth averaged velocity, h the water depth and f is a shape factor of which only an approximate solution exists:
folze) ifz =12
= A1l
© { f,(z.) ifz,=1.2 A1
(A 12
fo(zc)=7(§°/h) Z(é/h) (A12)
(L-&/my12-2)
12
E/h
f(z.)=| = lo /h A.13
=500 e e (a1

\where & is the reference level or roughness height (can be interpreted as the bed-load layer thickness) and z. the suspension number:

=min| 20,— %+ Al4
Zc ( S ¢] (A.14)
u.=u A (A.15)
8
2
p= min[1.5,1+ Z[EJ ] (A.16)
U.
08 04
©
=25| W 2 ALT
# ( U. ] [0.65] (A7)
IThe reference concentration is written as:
15
C, =0.015¢, dgﬁ T = (A.18)
. Do

IThe following formula specific parameters have to be specified as input to the model.



MPM

ASa

the formula of van Rijn yields the =
desired behaviour S

note:
aEH =0.5;
reduced van Rijn equation with

ws = f(d50), aSUS = 0.3, aBED = 1.5.

15 Oc



Conclusions:

« We favour using the formula of van Rijn (1984).

« The implementation in Delft3D is modified such that:

* Itis possible to calibrate bed load and suspended load
separately (0ggp and dgs),

* It is possible to opt for a reduced formula; total load: suspended
load is added to bed load (no advection-diffusion equation for
suspended load) = using option ‘bedload’

* Itis possible to use a constant critical Shields parameter for the
Initiation of motion; user defined as a calibration parameter.

Deltares
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1D-behaviour:

« annual sediment transport
volumes/rates,

* | bedforms celerity (highest priority)

« annual bed level changes, and
« period-averaged bed level

2D-behaviour (bar-pool patterns):

| transverse slopes in bends, and

| position of crossing between two
opposite bends

gradient. |
Parameters: Parameters:
- o (coefficient in transport formula) + coefficient affecting the spiral flow
S | intensity due to curvature (Espir)
+ Dgy = f(X) + coefficient influencing the effect of

* Dgo=4 X Dg

transverse bed slope (Ashld).

Procedures:
- offline calculations (100s)
« online calculations (10s)

' Procedures:

« online calculations (10s)

we are using the sediment transport formula offvan Rijn (1984),|with a tweak.

15-Oct-16
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Morphological boundary conditions

« The following morphological boundary conditions are available:

1. free bed level, i.e. bed level change at boundary equals the
internal bed level change (not recommended).

2. fixed bed level, (default)
3. prescribed bed level variation [m]
Qprescribed bed level change ra@

5. prescribed sediment transport rate with pores (sand volume)
[m3/s/m], and

6. prescribed sediment transport rate without pores (stone
volume) [m3/s/m]

Deltares
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Firstly, sediment budget for the Rhine branches

Bed-form celerity

River branch

Computed annual transport
[m>/yr]

Observed annual transport
(Ten Brinke, 2001) [m3/yr]

L
e gt st oo 15731599

Bovenrijn 250 000 (in) - 480 000 (out)
577 000 (out)
390 000 (average) :
Waal 350 000 (in) 507 000 (in) i

410 000 (average)

300,000 ~ 400,000 (average)

Pannerdensch Kanaal

110 000 (in) — 110 000 (out)

107 000 (average)

70 000 (in) — 97000 (out)

Boven  Midden Benden Pannerdensch
Bovenrijn Waal Waal Waal Kanaal

_______

Boven Midden

Benden Pannerdensch

Bovenrijn
Waal Waal Waal Kanaal
cross-section and reach-averaged yearly bed level change cross-section and reach-averaged bed level gradient
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—— 0O days

375 days
751 days
1128 days
1505 days
1881 days

Az (m)

—0.4 i i | | | | | |
950 940 930 920 910 900 890 880 870
« river chainage (km)
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Az (m)

Az(m)

Az (m)

e/ Odays
0 s NS | | 375 days
N 3\37{\;/ { ——— 751 days
) N S S S N L VA . ] 1128 days
: A / / 1505 days
U 4 1 1 1 1 1 ; i 188] da}rs
877 876 875 874 873 872 871 870 869
T T ] [
T R "W 375 davs
' — — < [ - days
- =.H_,../‘j"=~ﬂ.md_f,l. - /J|L/ l 751 days
02 b SR = | 1128 days
| g 1505 days
ol iy thowesr 1881 days
895 894 893 892 891 890 889 888 887
S S S S S S S [ ey
0 T 375 days
a 751 days
0 2 b e T ; 1128 days
1505 days
U 4 1 | | 1 | | i 1881 days
927 926 925 924 923 922 921 920 919

« river chainage (km)




m t.o.v. N.AP.

Bed level with respect to reference level along the left and right banks

Multibeam measurement 1999
Multibeam measurement 2000
Multibeam measurement 2001
Multibeam measurement 2002
Multibeam measurement 2003
Multibeam measurement 2004
Multibeam measurement 2005
Multibeam measurement 2006

——— Time-averaged multibeam measurements 1999-2006

? —- e m R R R R R R T e T R R R
— Bed level change in 7 years with Ashield= 0.7 :

longitudinal profiles along left and right banks

890

15 October 2016
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Four dune height predictors have
been implemented: Van Rijn
(1984c), Fredsge (1982) or
Engelund and Hansen (1967), and a
power relation.

Temporal and spatial variations;

implemented by means of an
advection relaxation equation.
Settings
Bdf =Y
BdfMor =Y
BdfH = FredsoeMPM
BdfL = vanRijn84
BdfR = vanRijn84
BdfEps = 0.8
BdfR1x = THConst
BAfT H = 57600
BAfADV =N

BdfThetaC = 0.047

wol T . A I T T 400
[N B Ml ma '
350_...,'.... -.' e a .! _______ 18 41350
. [N B j B IR g 1:6
wol 0 SN O S NS | 200
- M L4
. (PP TR R C Ry : .
Ol--l O
g: 200 200 g
S S
= ; &
C’| 150 150 A
100 100
sof- 450
60 50 40 30 20 10 0 8000 6000 4000 2000 0
Morphological unit Q (m3/s)
.3 T e ll ............... T
e . dayl150
:« 1‘5 ............................. dayzzo
= .
2 ap 1 <€ results
L]
=]
=
A 03 Z Z . : . I Z
0 «— Lower Waal : : : Upper Waal —

60 50 40 30 20 10 0
Morphological unit
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Dredging and dumping according to prescribe
criteria

Dredging in specified areas and dumping at a
prescribed distance upstream

PolygonFile
MaxVolRate
DredgeDepth
Clearance
MinimumDumpDepth
AlphaDuneHeight
DredgeDistr
DumpDistr

R NDDNODNODN R

Dredgel50b.pol
.0El6

.80

.30

Inpolygon
|

coordinate —

Y

33.00

X coordinate —

12 maart 2009

1.55
x 10°

- weew.BS



« Comparison with data 2000-2002: confirms that Upper Waal
dominated by dredging in bends (structural), and the Middle Waal
due to dunes (incidental)

5

x 10 Yearly averaged dredging & dumping volumes - simulation £f01-2
3 '- '- ! ! '. .' ! I |
structural dredging: , ; ; : : I calculated
25 R ) Hulhu|zen (km 870) . ........ e e e e .. ....... ........ ..... _ measured _

* Erlecom (km 875)

» Haalderen (km 880) . . . . . .

2 ...... 'Nljmegen(km885) _
+ St. Andries (km 928) ' ' ' ' : :

incidental dredging:
in the Midden Waal
between km 887-915

total dredging volume (m3)
an
!
|

960 950 940 930 920 910 900 890 880 870 860
¢ River Kilometre (km)



distance (m) —

1D-behaviour (40-years) |

U Y 1 L
T T T T T T T T

L
H
§a T s |Iu i II'J 8 i ,‘I-
Buodernligging t.o.v. OLR / Referentie situatie
o’ 01-Jan-1995 00:00:00
4304 RS
4.302
43

1298 1

4.295

4294

4.292

1.875
distance (m) —

2D-behaviour (detail)

¥ coardinate (m) —

Dune heights
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y coordinate (m) —

cum. erasionf/sedimentation (m)

w10 01-Jan-2000 00:00:00 5
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2D-behaviour (detail)

depth (m)
Bodemligging t.o.v. OLR / Referentie situatie
« 107 01-Jan-1955 00:00:00
9 5
4.304 PP
J\ 45
4.302 4
T 43 35
E 3
o 4.293
& 25
B
= 4095 2
4.294 1.5
1
4.292
0.5
1.865 1.87 1.875 1.8 1.885 1.69
. 1]
distance [m) — w10

Black lines define navigation channel
red colors too shallow
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dging the navigation channel

'« “Sediment nourishment experiment
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Longitudinal dams to replace groyne lowering

Function:

sconstriction of main channel during
discharges below bank full

sincrease flood conveyance capacity
during floods

Parallelwerk Walsum-Stap, Rijn km 793,5 — 795.
Wasser- und Schiffahrtsverwaltung des Bundes,

Wasser- und Schifffahrtsdirection W
Deltares
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Effect of lonqitudinal dams
1

The effect is due to:
« channel constriction,
« discharge extraction and supply.

Main conclusion;

« The local effect of longitudinal
dams are rather significant.

=>» This calls for optimization of

the inflow and outflow sections, >
, deposition;
e A
=» we need an additional i
analysis tool [
A < erosion 0.5
&

-1.5
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vanWillem/RWS/Effect_van_Langsdammen_Boven_Waal.mp4

. : /
Evaluation of dredging volumes for:/;
« Navigation channel of 150 m x 2'50 m (Case B150)

* Navigation channel of 170 m"x""2.50 m (Case B170)

.3 " Nawgtgtlon channe,of 150m X 2.80 m (Case B152)
e Lt 7

- Sequential dp mping in a series of dﬂmping blocks

- Dredging cohsiderinigﬂdune heights (not utilised yet)



coordinate —

Y

elevation (m) —

e without dredging (7
e with dredging
I I

1.47

Dredging from the navigation channel
and dumping in the normal line; with a

1.0 km unit.

1.48

X coordinate —

elevation (m) —

2007 2008 2009 2010 201
time —
point(45, 143)
I I I T T f
result with small time step | . — .‘E“?@Qlﬂ]ﬁi"z S S .
— = —result with large time step |~ 77T L I oA
5 5 ~
R i
oA
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e
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time (in 2006) —
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y coordinate (m) —

4.34

07 -Jan-2006 09:36:00

(bed level Case 152) - (bed level Case 0) (m)

433

o=
L
[

4.31

43

4.29

4.23

1.62

1.84 1.86 1.858 19 1.92
¥ coardinate (m) —

simulation of 10 years (bed level difference)
see the effect of dredging near the end

red is dumping

blue is dredging

Dredging also affects the transverse cross-section, it is not a
simple 1D problem

15 October 2016

cross profile
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Effect of channel dimensions on dred Jing volumes

4)&104-}“33I 1‘
width = 150m & depth 2.50m: @ : 3 :i%i
43,000 m? ==

total dredging volume (m3)
=)

0 L L L 1 L L 1 L I
960 950 940 930 920 910 900 890 880 870 860

Q" <« River Kilometre (km)

Jedala? N
§ § § @

width = 170m & depth 2.50 m:

700,000 m?3 (x16 times)

T T
year 3 I 1
[ vear 4 §
ear : -

N -

0 1 1 1 1 Im 1
960 950 940 930 920 910 900 890 880 870 860

total dredging volume (m3)

« River Kilometre (km) . h)
i
.,.&f’ e
_— === ";f\‘ x""*j -
= T T =L / - ]; S \:‘:‘&
L | e e )
PN Lo B AN
§ §F & & 5 o e -
2 87| e 4 ; ' | e
= year a S
- S N Lt B
S || - s % | W " e

il | eltares

Il 1 Il Il 1
930 920 910 900 890 880 870 860
<« River Kilometre (km)

width 150m & depth 2.8
290,000 m?3 (x7 times)

0 1 1
October 2 960 950 940



Unloadif - sand and gravel from'split-barges

Key parameters for success are:
» Quantity
 Location and section-length
« Composition of sand/gravel
mixture

Modeling is needed for optimization!
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Stop degradation by levelling-off
the sediment-transport gradient

Increase efficiency by dumping
coarse sediment (coarser than
original bed composition)

feeding with coarser material

15 October 2016
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S Ty

15 October 2016

« amount = 6000 ton/week

» dump instantaneously

« total 150.000 m3

» thickness of layer about 0.3 m

Deltares



Sediment nourishment behaviour
I -

Az = "Bed-level Nourished (t)” minus “Bed-level Reference (t)”

Bodermversthil na suppletie

x 105 01-Jan-2011 00:00:00
g - \ \
4318 ; % " * dump instantaneously
& e total volume 150.000 m3
am * thickness of layer about 0.3 m [~
4,306 —
T
E ]
% 43 T A
g‘ 4,295 — \ e
1‘ L
4.29= 5 i
4286 :
4.28 - I I | | l ' | | I b
2.Mm 2.02 2.03 2.04 2.05 2.06 2.07 2.08
x coordinate (m) — x10°
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¥ coordinate {m) —

x 10°
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4275 |

sediment fraction: tracerS () in layer 1
04-Jan-2011 00:00:00

2.0

2.02 2.03 2.04 2.05 2.06
x coordinate (m) —

spreading of tracer fraction

0.03
0.025
0.02
0.015
0.01

0.005

_ V=150,000 m3

2.07 208
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{m) =

rdinate

g
S 4205

¥

sediment fraction: tacers () in lzyer 1
01-Jan-2011 00:00:00

spreading of tracer fraction
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Tracer. 2
05<D<1mm
(fine)

Tracer. 7
8<D<16 mm

(coarse)
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Yearly repeated feeding (150,000 m3/yr)
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We have a morphological model that covers the Rhine Branches in the
Netherlands.

Well calibrated
« Hydrodynamics
« 1D morphological behaviour < bed celerity
« 2D morphological behaviour < bar-pool pattern

Unique model:
- Large-scale, yet detailed
* Refined dredging and dumping
« Able to simulate different types of measures
 rather fast, 40 years in 4 days.

The model can be used effectively for evaluation of the effect of different
engineering measures with continuous application in projects

The model is disseminated to all consultants in the Netherlands for
application in different projects

Processes extended to include graded sediment (not discussed today)
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« More flexibility

« Same model for different types of studies (hydrody
morphology, water quality); mixed resolution

22 i o

=

! L
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Delft Software Days 2016

= 600+ participants
= 200+ organisations
= 50+ countries
= 3 symposia &
user meetings
= 3 workshops
= 17 courses

www.dsd-int.nl

Delft Software Days 2016

24 October - 4 November, Delft, The Netherlands

HOME DSD-INT 2016 USER DAYS, SYMPOSIA COURSES WORKSHOPS DEMOPLAZA

DSD fupelft [ U
(8]

Delft Software Days 2016

Delft, The Netherlands

TRAVEL &

Course

Delft3D Flexible Mesh — River modeling
26-27 October 2016

1D and 2D river hydrodynamics
Real-time control

Automatic calibration with OpenDA
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