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Salinisation in Rotterdam Waterway
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Salinisation in Rhine Meuse delta

Deltares




Rotterdam

&Y
[F{/E Dordrecht

@ te verplaatsen inlaat

Waterinnamepunten

@® toekomstige inlaat

B toekomstige inlaat

AN
) o A
% P“u—ﬁ? S (\\r B = NI L
. Fﬁ&j\f-\ e R Pj; = = =
= Den Bommel = - _ M e =
\ ! R 2272 S A Ty
S o Py =] A\
I s & g H(;; — & 3\ ;\m
) b V| \_ },‘\ Ay =
\‘ g = ‘g’—:\"w i e ‘{’

{ 4 SS5e, TS & o

| & S gl o

e e [ E?gff;{

o N e
. Auteur : Martin Bubbert
Drinkwater Landbouwwater Adelng - ARA
inlaat E inlaat Datum : 1 september 2008
O]
@® noodinlaat H te verplaatsen inlaat L
0 4 8 Kilometers

Ministerie van Verkeer en Waterstaat
Rijkswaterstaat Zuid Holland
Rotterdam

€ =

ares



i rovembe X048
1300 wir

£
;

- -

w19/l ~1.8 ppt

e
g 1
=

<

Afb. 2: Externe verzifting in november 2005,

Deltares



-
=
.‘.’

00’
* &

L 4

www.marinetraffic.com e

| hes jue. e
E003°35'50/40"

© Simple Map Smslite  Openstreet
(52.0677, 002.5573)

F e
LO0SDUINEN 4 TDBe—gyry iy'§
. Q el Hl]swiiﬁff Rokkeveen
- W ﬂ? v f W
- P S e e et i g
, Ex ; { Delf® Npegau
» = A 1 Horselersdik : & oo
» s-Grayénzande s
& = W A Naaldwijic Eg&ﬁrag
‘Q Hook of P
= £ bid g De Lier
(] MaagyWie ' 3, .4
g ot Q@ 4 %@ 7
F7E gefy LRI o
* G S "
\ <5 A ?-!"W‘ Q LT
"@nﬁa \ L “NOORD
e. SR A Hotlerda
B
Dnslv;orne V\aardjq en ?'l?a
s % 3 P‘ e
3
oy Dy
- o
Strype Tink » ﬁ@
inte e X @!,_
Rockanje Rotterdam .,‘«‘mk%_“
,Hoogvliet
- M . Spijkenisse &Rﬁuﬂdam
5T e, =
£ g &
: -
Oostdiik - Havenhiogfd SLOFTHS - A SR @f‘ \—l;::m
JEE | R i Sipie Map Selie Operst
{52.0009, 004.0116)
%7@ 9"% o 222
Van, 3 Naaldwijk
bl oy & = w7
- & st Lo
Van gy, 7 r o
Mﬁas.,f% = EB“’% & £ ’
ey Horv, - Y %
“Hogy Hoak of Heenweg % )
% %"’Ww Holland. v % !«M"
L 5 @ E
S . Sy § ﬁ%
s &
S ® © ps. B,,Eﬁ;, < ’. &g Hf % Westerlee N2
W Qg.‘ & < & a . = \
v
18 o = *» g 5 @&%’ﬁ. « ,
Maaggakte = % Cau & e
“Wyw 0O € = ®® @, 5 A e
od = e &= s @ @ & E 4 b “u, % Maasdijk
. . . Tmd % L% P
® )k @ @ o 5 % &
i Ao, (AR | e
‘ A
o Coloraloned z @5’ N * B o
& s y4 g 5 o W
f £ % P a @3 @ k3
I\ @EPZ -8,\ S A & ‘?” a
5 % ox g4 e <©4  Europoost 3
L * “® Rotterdais:  FUROPORT g %
= " g @ - ~~~

6 “Deltares



M"’C‘unusstraat

iaEE UER
L
- =

&

i
Gey

: Indus\'f“""eg
Deltaweq

-
Het Schedr

Heek van Holland

OSR = Operational

model for

water levels, currents and salinity
intrusion in the Rotterdam harbour

Startpagina

tijd: T UTC+2 (=zomeriy
ijdzone +2 (=zomertijd) —
T T T 1

0.5

& I\ E00#1921.06" 59 Simple  Map
T Babberspoldes 16 (51.9126, 004.3225)~
ey Vlurdingsn-nnst i
Hotsingel & \ M
SEJ (=] o R (;5’.;{ ‘J”r"ﬂna.'aan
Schiedamseweg .,na@‘m "a’r,{,a,_
& flo “eqjy
Oostwijk [
o 1 \ |
% &
% 91 e ||I|I 2
™ o
m e |
= S &
e o * \ “ 1
Gt & I.' \\
Dettayes & ¢ $ =" = | *
=
* [ ad ) =
" ’@ @ @ N’IEUWE
- %,
&
&
% 2 e
< Waterstand en stroomsnelheid
s 03105
e, 2.0 T T
¥ Kies een locatie: 14 ==
Maasmond Stroommeetpaal 1.0 /\

Paddestoelen
Papegaaiebek Calandkanaal
Papegaaiebek Beerkanaal
8e Pet Beerkanaal

Se Petroleumhaven
Yangtzekanaal

Amaliahaven

6e Pet Beerkanaal

Beergat

5e Pet Calandkanaal

Maassluis
Scheurkade
Botlek

Botlek Centrale Geul

waterstand [m +NAP]

slroomanelbeid [mis]

0.0
05 |-

~—

DO 02 D4 06 OB 10 12 14 16

N TN T

[~
o KGR Y Wl S 50 S ¢ O il A e ¢

12 20 22 00 Q2 04 OB 08 10 12 14 16 18 20 22 0O

tijdzone: UTG+2 (=zomertijd)

03105 04/05 05/05
20 . T T 139
1.5 1 28
1.0 18
0.5 1.0
0.0 “r 1 0.0
-05 =10
1.0 v A-19

15 —] 29
(4] F N TR NAFURY N VI IEOVUN O NN G U ST NN S NN AINYED Sl DNV N -338
6 18 20 22 00 02 D4 OB 08 10 12 14 16 18 20 22 00

00 02 04 06 08 10 12 14 1

Havenbedrijf Rotterdam N.V.
Datamanagement

>~ Frontdesk Datamanagement

Hoek van Holland

waterstand
snelheid
0= 5m
range meetapp.
0-15m
dieptegemiddeld

knopen

meting .o

Deltares



Many issues: deepening New Waterway, Haringvliet sluices partly
opened, Deltaprogramme (sea level rise), ...

More detailed questions need more accurate model predictions
Better substantiation of model choices
What can models predict and what not?

Cooperation between Dutch Government en Port of Rotterdam
Authority on ‘numerical model development for salinisation’, in
consultation with Deltares
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Problem description of salinisation
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Vertical systems
« surface and bottom following o-layers
« fixed horizontal z-layers
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Figure 1.3. Vertical grid concepts: the c—model (left) and z-coordinate model (right)
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Salinity intrusion differs with respect to:
model schematizations;
horizontal grid resolution;

vertical grid layering concept; and
software codes

In general for sigma models reasonable to good agreement with

measurements under normal conditions. However, large

differences for December 2011 storm situation. What is the reason

for this?
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Model schematizations
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Zeedelta model
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Model performance w.r.t. salinityintrusion
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Validation Zeedelta model for low river discharge (1
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Validation Zeedeltamodel for low river-discharge (2
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Twee splitsingspunten: 1) Hartelkanaal - Oude Maas
2) Nieuwe Waterweg - Oude Maas - Nieuwe Maas

M.Sc. thesis of Merel Verbeek
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meting

Mean error: 0.1 - 2 ppt
Correlation r=0.5and 0.9
Overestimation of salinity intrusion
Overestimation of stratification
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Additional simulations
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Sigma model versus Z-model
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At 20 km from At 30 km from
sea boundary sea boundary

Red = Z-model
Blue = sigma model
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Software systems

Deltares




o Delft3D 4 modelling suite (structured grid modelling),
with hydrodynamic module Delft3D-FLOW

e Simona modelling suite (structured grid modelling),
with hydrodynamic module WAQUA/TRIWAQ

o Delft3D Flexible Mesh suite: combination of unstructured

and structured grid modelling
with hydrodynamic module D-Flow Flexible Mesh

y
https://www.deltares.nl/en/software/delft3d-4-suite/
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Conclusions and recommendations
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Satisfying model results for salinity intrusion, except for ‘storm
December 20171’

Validated software (both for sigma and Z-model)

World wide accurate results w.r.t. salinity and temperature
stratification in hundreds of applications since 1995

Difficult to compare sigma and Z-models because of different
vertical resolution; only one comparison yet for real-life application

Salinity is an ‘integrated’ parameter (differences once introduced
will remain and will increase)

Both high and low salinity concentrations are important

No grid convergence in vertical resolution; k- turbulence model
optimized for 10-20 layers
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Difference not due to software but to model parameters such as
model forcing and grid resolution

No preference for sigma or Z-model yet

Model forcing seems to be the main cause of the mismatch in
salinisation for December 2011 storm

(Recom. 1) Measurements at more locations at the same time
(in combination with ferry measurements?)

(Recom. 2) Sensitivity analysis with Delft3D Flexible Mesh
(because of sigma and Z-model and combination of sigma and 2)

Continued cooperation between Dutch government, Port of
Rotterdam authority and Deltares
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