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Summary

“Fairway Maintenance of the river ljssel”

The inland trade is a very important economicalvdgtin The Netherland.
Therefore to maintain and improve waterways israroon activity.

The main problems that threaten the saiietyhe shipping are the erosion and
sedimentation on the banks, especially in the Emks. So some studies are necessary
to know the best method to avoid the sedimentati@mherosion in these places.

This study is focused in the effect of aadsdrap in the River IJssel over the
sedimentation and to try to answer questions ait®effectiveness and if it is possible to
find a better layout for the sand trap.

To carry out this research is necessarseteup a mathematical model which can
reproduce the behaviour of the river and the seap S0 a mathematical model has been
built using the Delft3D software.

So, the effectiveness of the original sénagh has been studied and three possible
alternatives have been studied too. The alterratve:
- Two different sand traps with same volume of thginal one,
but shallower, longer than the original one andrestato the
sedimentation zone (alternatives A.1 and A.2).
- Sand trap with more volume than the original oné aearest
to the sedimentation zone ( alternative B).

The results of this study show that thedfbf the sand trap over the sedimentation
in a bend located 2 km downstream of the sandisrapn-existent. Also the results show
that the alternatives A.1, A.2 and A.3 are mor&iht, it means that they catches more
sediments, but they don’t produce any effect owersedimentation zone.

To study the effect of a bigger sand trag aearest to the sedimentation zone is
necessary. Also it is recommended to improve tha daout sediment transport, bed
levels and discharges in the lower stretch of 1J39eese data will be necessary to carry
out a better mathematical model.



Fairway maintenance Lower IJssel TUDelft

Table of contents

Abstract 1
Table of contents 2
1. Introduction 3
2. Methodology 6
B0 R I - = B 1 1S = o PPN o
2.2 MOGEL. ... 9
2.3 Computations... . ....10
2.3.1 Initial conS|derat|ons P 0
2.3.2 Set up the modelll
2.3.3 Hydraulic calibration.. 8L
2.3.4 Morphological callbratlon i |
2.3.5 Implementation of the sand trap and flraadibcatlon ................. 36
2.4 Effect of different transport formula..................coo i e, 43
2.5 Influence of the bridge over the sediment zone.............................. 47
3. Results & Discussions 49
3.1 Final model and effectiveness of the sand.trap........................... 49
3.2 Evolution of bed levels from km 998 to km 9R9Q.............ccooiiiiiiiiiiiinnnn, 53
4. Different alternatives to the original sand trap 55
4.1 AItErnative grOUP A......ciee i e eeeeeeeeeettt s s s e e e e e e e e e e e e aeeeeeeesssnnnnnnennes 55
4. 1.1 AIernative A. L. 55
4.1.2 AREINALIVE A.2....oeeeeieieeieei e e e e e et s e e e e e e e e e e e e eaeaeenenanes 59
4.2 Alternative group B...... oo 61
5.Conclusions & Recomendations 65
6. Acknowledgements 66
7. References 67




P poumca
Fairway maintenance Lower |Jssel TU Delft B b

1. Introduction

Because of the special location of The Netherlards, inland trade is a very
important activity in the country. Through the chals a lot of commercial ships arrive
to different countries in Europe and deliver tonthineir commaodities.

So a lot of transport companies use the fairwayshie Netherlands to deliver their
products. These companies choose this mean afpinaing because is cheap and safe.
But to guarantee this safety is necessary to maimta enough depth for shipping and
navigation.

The main problem that threatens the shipping ind@nnels is the sedimentation.
When in a stretch of a river the sedimentation appthe depth decrease. It produces that
the load of the commercial ships has to be decdetase If the sedimentation continues,
the load of the ships has to be reduced all the.timthis way there is a point where is
not economical to use the inland trade, and thepammes can decide to use another mean
of transporting.

To avoid this situation, the government of The Ne#dmnd uses some methods. For
example dredging is a very common activity to auvbiel sedimentation. The problem is
that this activity is very expensive and is necgsda do it a lot of times. Another
alternative is to dig a sand trap upstream thersextiation zone.

This problem of sedimentation appears in the lostatch of the river 1Jssel.
The River IJssel is a branch of the Rhine in thé&cBprovinces of Gelderland and
Overijssel. River IJssel flows from Westervoortste&rnhem, until it discharges into the

IJsselmeer ("Lake IJssel”).

This study is concentrated on the rholpgy and the sedimentation of the lower
IJssel River stretch (in the km 999.5 more or leds)vnstream Kampen.
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There are a lot of factors that characterize thephmmlogy and behaviour of this IJssel
River stretch:

= The IJssel River has two outlets: The Kattendiefth w00 m length, and the
Keteldiep with 4000m length. The main function bé tfirst one is to discharge most of
the water volumes and sediments, and the Keteldigeged for navigation. To improve
the function of the Kattendiep there is a groynéhatright bank. This groyne prevents
the excessive silting up of the Keteldiep.
= Several works have been carried out in order tprave the incoming and
leaving shipping in Kampen:
- The depth of the fairway in the Keteldiep and leowlssel
has been increased.
- Sand trap has been dredged upstream of the imgrov
stretch. The sand trap purpose is to avoid thelisigoia the
inner bend of the IJssel at the crossing highwa$O(N
bridge site).

= There is a movable bridge over the N50. But thevabte part of this bridge is
not in the fairway, it is located in the inner beofcthe 1Jssel River at the left bank. The
function of this movable part is to let the brovieet go through a shipyard upstream the
bridge. The commercial ships go through the bribdgethe fairway. The commercial
ships through the bridge for the outer bend.

Groyne Sedimentation z(@ma 999.8) Erosion zone
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This study is focused in the behaviout affectiveness of the sand trap.

It is known that sand trap increase diepth of the stretch where it is dug, it
reduces the velocity of flow, and it produces theismentation of the suspended
sediments. Producing this sedimentation over thed s&rap, the sedimentation
downstream is less than it used to be.

Although the real behaviour of sand s$rég not really known. To know the real
yearly filling of sand traps and how they move ottex bed of the river are knowledge
gaps.

Looking for these knowledge gaps, thigdgttries to answer the main questions
about the sand trap dug in the lower stretch ofitrex IJssel:

- Is trueetestimated year filling?
- Is the sand trap improving the situation, and redudhe
sedimentation?
- Is it possible to find another layout for the sanap more
effective than the original one?

To carry out this study, a mathematicaldel has been built with the program
Delft3D. The results show that the yearly fillingless than the estimated one, and also
show that the amount of sediment that arrive tosé@imentation zone downstream the
sand trap is the same than before to dig the sapd t

Another result of the study is that there is aerahtive layout for the sand trap
which catches more sediment with less volume tharotiginal sand trap.
So it is possible to conclude that the effecthaf $and trap in lower river ljssel is
non-existent and it would be necessary to dig Hmeldrap nearest to the sedimentation
zone.
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2 Methodology

2.1 Data used.

To build and calibrate the mathematical model fttlewing data have been used:

= To define the river bank geometry a GIS file witie Normal Line has been provided
by Rijkswaterstaat.

= To include the topography data in the model bedltedata from Baseline have been
used.

= The water levels data were obtained by website wvaterbase.nlBut before using
them, the original data were transformed from thgimal data to daily data. The model
does not arrive to the IJssel Lake, but the Iljdsagke water level was used for
downstream boundary because there were not armlsible data.

This simplification was possible because of tlag pf The Netherland is very flat,
and the differences between the IJssel water lakel(km 1001.5) and the water level at
the end of the model (km 1000.5) are very small.

The figures 2.1 and 2.2 show that tlesél lake water level and Kampen water
level are very similar, but in the flood periods.

Water leveles

25

2 — Kampen water level

— IJssel lake water level

m (NAP)

1-1-1995
1-4-1995 -
1-7-1995 -
1-10-1995 4
1-1-1996 -
1-4-1996 -
1-7-1996 -
1-10-1996 1
1-1-1997 -
1-4-1997 -
1-7-1997 -
1-10-1997 1
1-1-1998 -
1-4-1998 -
1-7-1998 -
1-10-1998 1
1-1-1999 -
1-4-1999 -
1-7-1999 -
1-10-1999 +

Figure 2.1 water levels in IJsse Lake and Kampen.
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Discharges upstream
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Figure 2.2 hydrogram that shows the flood periods.

Kampen is at 10 km from the lake, and the diffeesnicetween their water levels
are very small (but the flood periods). Therefdre differences between the downstream
boundary of the model and the 1Jssel Lake will égligible

= The discharge from Olst was used for upstream deyn and it was provided by
Rijkswaterstaat.

=To carry out the hydraulic calibration the waterdefrom Kampen was used. The data
that were used were from 2002 to 2004, before thdxswvere carried.

= To morphological calibration bed levels measureaevere needed. These data was
provided by Rijkswaterstaat. These bed levels Hat@ been obtained averaging over the
normal width.

= The characteristics of the sand trap were providsgd Rijkswaterstaat. These
characteristics are:
Axis sediment trap equal to axis of the river.
Bottom width of the sediment trap equal to 75 m.
Bed level of the sand trap: 1.5 m below mean beel.le
Talus of sand trap slopes equal to 1:3.5.
The sand trap reaches from km 997 to km 998.
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= To carry out the calibration after digging thedarap, data from bed levels of the river
after 2004 were necessary. So Rijkswaterstaat semte pictures of the sounding
topography of the Lower IJssel. Using these pigtutbe evolution of the sand trap
between 2005 and 2006 was studied.

It is important to say that to obtain data tog study was not easy. When the data
were asked to Rijkswaterstaat, it sent a DVD wilissfin GIS format. Inside this DVD
was all the data about bed levels that Rijkswadatdtad. However to read this DVD was
not possible. Therefore it was necessary to fouradheer source of data. At the end the
guantity of data for this study was very reduce aqmtoduced some problems while the
calibrations.

For example during the longitudinal calibratioe tiestricted quantity of data and
the small length of the model produced that thelte®btained in this calibration were
not so good.

Also for the calibration after digging bed levai§ the river after 2004 were
necessary. But these data were not possible be@ads®y these bed levels took a long
time. It was because of the structure to organfzRijxswaterstaat was changing and it
produced that it worked very slowly. Because oft,tlihe pictures (about sounding
topography) allready mencioned were used.
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2.2 Model Used:

Delft3D, version 3.26.00, software has been usecarry out the mathematical
model.

This program has been developed by WL Delft HylicauThis software is able
to carry out a multi-disciplinary approach and 3Bmputations for coastal, river and
estuarine areas. Thus Delft3D can be used forngetifp models that include flow
simulations, sediment transport, waves, water tyamorphological development and
ecology.

The Delft3D program is composed of several modudesuped around a mutual
interface. All these modules are capable to intaaeach other.

The following modules have been used to carryseweral parts of the model:
Delft3D-FLOW, Delft3D-QUICKPLOT, Delft3D-RGFGRID ahDelft3D-QUICKIN.

Delft 3D-FLOW is a multi-dimensional hydrodynamiadatransport simulation
system, which calculates non-steady flow and trarigphenomena as a result from tidal
and meteorological forcing on a rectilinear or avdimear, boundary fitted grid.

The module Delft3D-RGFGRID has been used to gead¢nat computation grid.
This module is a program for generation and maaipar of curvilinear grids for Delft
3D-FLOW. Thus the function of this module is toates modify and visualize orthogonal
and curvilinear grids.

Delft3D-QUICKIN is a program to createanipulate and visualize bathymetries
models for the Delft 3D-FLOW. The module Delft3DUKIN has been used to add
the topography data to the model.

Delft3D-QUICKPLOT is a program that can be useditmalise and animate the
numerical results produced by the Delft3D modules.
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2.3 Computations:

2.3.1 Initial considerations:

Before building the model, some theoretical deaisiovere needed.
First it was necessary to decide if the flood artead to be included in the model
or not.

The large-scale morphology is primadetermined by the main channel, there
fore only the main channel was introduced in theleholndeed, the location of the flood
dykes in the river was very near to the river kvtdch reinforced the decision to study only
the river.

Figure 2.3: Flood dikes

Another theoretical decision was the choice oflérggth of the model. To carry
out a morphological study is necessary a model wibligger length because of the effects
of inflow boundaries propagate with a speed of adokm/year. Therefore the length of
the model was from km 994 to km 1000.5.

-10 -
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Figure 2.4 Length of the model
km 1000.5 km 994

2.3.2 Set up the model:

Generation of the computation griélhe first step to set-up the model is to genetiate
computation grid.

The module Delft 3D-RGFGRID has been used to dduisyout. In order to minimize the
errors in the finite difference approximations, D&D-FLOW uses curvilinear grids. So
grid lines may be curved along land boundaries@drahnels, so the notorious ‘stair case’
boundaries, that can induce artificial diffusioande avoided. Furthermore the curvilinear
grid must have two characteristics:

= It should be smooth in order to minimize errorghe finite difference
approximations.

= the grid has to be orthogonal. The orthogonalofabas to be 0.05 or
less.

-11 -
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Introducing the data of the Normal line in the miedDelft3D-RGFGRID the
figure 2.5 has been obtained, which representgtislof the part of the River ljssel that is
going to be modeled.

—

Figure 2.5 Normal Line

Inclusion of the bifurcation in the model would guze a lot of problems because
generating grid line in that place would be verfficlilt, and the results that would be
obtained would not reliable. In addition to thise tmain goal of this project is to study the
behaviour of the erosion and sedimentation in &3¢ bend, and the behavior of the sand
trap. So not to include the bifurcation in the nmlosdas decided.

For the same reasons the large groyne, locasedhgiiore the bifurcation, was
decided not to be included.

To make the land boundary, the river bank geonudtthe river has been
simplified. Thus the real bank has different eletaesuch groynes and banks which are not
represented in the normal line. Therefore the nblimais a simplification of the bank, but
this simplification will not affect the results tife model.

-12 -



=z e rolieses
Fairway maintenance Lower |Jssel TU De|ft Y e vaLEncia

Figure 2.6 Example of Normal lines without groyaes banks

After the Normal Line, the ‘splines’ were lduiThus the model was started with a rough
sketch of the grid by lines. Delt3D program hasesaltools to put the grid lines in the
right position. For instance, a grid line can beajgped’ to a land boundary, this is the
method that has been used.

So, after some attempts, and after ‘snappghegy’splines’ to the land boundary, the
figure 2.7 was obtained.

Figure 2.7 * Splines’ following the land boundary

-13 -
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The next step was to create the grid. But firstsilze of the grid was decided. After some
trials a grid of 16 cells on width direction by 166lls on length direction was created.
Therefore the length size of the cells was betwBeand 4 times the size transverse.

This decision was based in the idea that the fleas in M direction (length
direction). Therefore the length direction musbimger than the width direction.

Once the size of the cells was decided, the \gad created. The figure 2.8 shows the
result.

Figure 2.8 Grid of the model

After the gird was done, the grid was fixed to taed boundary, and its
orthogonality was incriesed until reach a value oofhogonal factor of 0.01 (the
maximum allowed is 0.05). The figure 2.9 showsdliferent value of orthogonal.

-14 -
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Figure 2.9 The legend shows the different valuartbiogonal factor (between 0 and 0.01).

Inclusion of topography dat&he topography data from Baseline have been inted
in the model. The figure 2.10 shows the initial le¢ckls of the model.

10.44
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5.51
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Figure 2.10 The legend shows the bed level (m).

- 15 -
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Add sediment data, physical data and boundary tondi The module Delft3D-FLOW
has been used to add the sediment data, the baesdanditions and to build the model
with the grid and the topography data that wereaaly done with Delft3D-RGFGRID
and Delft3D-QUICKIN.

The following data were added:

- Domain the file of the grid, the coordinates of our mioded
the bed topography were introduced.

- Time frame:The simulation start time and stop time were
introduced.

- Initial conditions: Due to the initial conditions were not known,
water level “0” and secondary flow “0” were selattéor
initials conditions.

- Boundaries conditionghere are two boundaries: one upstream
and another one downstream. The flow condition thas
applied at upstream boundary was ‘total dischaagel forcing
type in time-series. And the flow condition thatsaapplied at
downstream boundary was ‘water level'.

- Physical parametershere it was added the value of gravity,
water density, roughness (Manning) and viscosity.

- Output: the start time, stop time and step time to stothge
data were decided.

Study of stability of the modelo study the stability of the model, two observatpints
were chosen: downstream and upstream.

i Visualisation Area -0 x|
Fle Edit EditMode Zoom Wiew Fonts Colors Options Help
X: 187275.14, Y: 509923.34 [m]

fa-(—-

Bathymetry [m]

~

)
o
o~

ANAANANAANAA
NN S L
WRN=DLEND L,

S{ream
stream

\ | View Observation Point | vA2.01.13 |

Figure 2.11 Observation points to study the stabiif the model
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So after running the model the Delft 3DQUICKPLOTogram was used to
analyze the results.
The figures 2.12 and 2.13 show that the modelinescstable in a few days.

Water Level Upstream
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Figure 2.12
Depth averaged discharge Downstream
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Figure 2.13
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2.3.3 Hydraulic Calibration:

Ideally, to carry out the hydraulic calibration afmorphological model, like our
model, data about average velocity in the riverusmed to compare the real data with the
data that the model gives. But it was impossibleg¢adone, because there were not real
data about velocity of the water in any place efitinodel.

For this reason, only the data from watgele in the harbour of Kampen have

been used.
The roughness of the bed in the model was chatmyeltain similar water levels
to the measures taken in the river.

In order to know exactly which roughness value tis@sbest the indicator
“Result was used:

Result= AVERAGE (Value in the model — Real val@ie)

The figure 2.14 shows the sketch that has lised to carry out this part of the
calibration:

Hydraulic calibration

TRIAL | ol 1] 2] 3] 4 5
Roughness
(Manning) 0.04| 006| 008| 002]| 0.03 0.025
RESULT 1month | 0.084 | 0577 | 1.662 | 0.021 | 0.012 0.007

Figure 2.14 sketch of the hydraulic calibration.

The model has been run only 1 month to study thieance of the different
changes in the roughness in the model.

-18 -
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In the figure 2.15 shows that the model wipobduces the bedResult was the
model 5.

CALIBRATION
25
2
S 15 REAL DATA|
o
£ | EEEEEEE Model 0
© 1
f . Model 1
[} . o aao
>
2 05 = Model 2
§ S 2 N R Model 3
2 o N SN PP Model 4
S S 8 8 Dy 3 Y 8 § Model 5
D5 & 8T &I IS
D R R L R R R
— (90] o N~ ()] — (42) L N~ ()] — (42) L N~ ()]
1 a4 d4 d +4 +d o N &N N N
Figure 2.15

Thus, a final run of three months was done to clifefck more months the model 5
produces valid results too.

3 months simulation

1.6

. M\,
N

.y W S R [
IS e

Water level in Kampen

42
A2 1§ P> I I P P & & D
O O O O O X S © O O O ©
SRS B F

Figure 2.16 Evolution of water level in Kampenhnee months.
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The figure 2.16 shows the agreement between m&al and the results of the
hydraulic calibration. However it is possible toesiat in the beginning of February,
March and April, there are some differences. Thikedes coincide with floods periods.

Dischargues in Olst
1400
1200
1000
» 800 ol M THHHHHHHH Hlin-—
E 600 1
400 -
200 -
0 T T T T T
N N N N N N N N N N N N N
o o (@] (@] o o o o o o (@] o o
o o o o o o o o o o o o o
N ¥ o N ¥ N ¥y N ¥ A N
D i - <o N oo % ® o ®
— 0] Te} N (o] o N (o] © o N (o] ©
— (aV] N — — N — — (V]

Figure 2.17 Hydrogram of discharges in Olst.
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2.3.4 Morphological calibration:

For the morphological calibration, the softwarelf3® has been used, and
sediment transport has been introduced.

Before beginning the calibration, there were spai@meters and questions about
the model that were studied:

= Transport FormulaFirst the transport formula for the model was @mos

After studying the different possibilities (Engetlthlansen, Meyer-Peter-
Muller, Van Rjin 1980...) transport formula of ‘EngeldHansen has been
used. This formula doesn’t take into account theesaand suppose only a total
sediment transport.

To calibrate the model, this formula has to bebrated too, because the
formula has onecalibration parameter’ So during the morphology calibration
this parameter has been changed a lot of times.

= Parameters of Koch & Flokstra Islop&ed-load transport is affected by bed
level gradients. Two bed slope directions are migtished: the slope in the
initial direction of the transport and the slopetle direction perpendicular to
that.

The primary effect of the transverse bed slopa hange in transport
towards the own slope direction. Therefore one tdation for these effects has
been chosen between: no effect of bed slope oridaedtransport, Van Rijn
(1993) anckoch & Flokstra (1980).

Finally ‘Koch & Flokstra’ formula was chosen. In this formula, there are
also two parameters (As and Bpng).These parameters have been changed
during the calibration.

= Grain size:Before the calibration of the model, the param&gy has been
chosen. The Bvalue average is 0.4 mm.
Therefore, to get the morphological calibration mhlet outline has been followed:

1. - Longitudinal Calibration.
2. - Transverse Calibration.

-21 -
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1.- Longitudinal Calibration

The transport formula chosen for the model is tientila of Engelund-Hansen.

0.05 o qi
S:Sb+ls1;_gg: 7 2
Vg C A Dy,
S  =Total sediment transport.

S, = Bed load transport.

S, eq= Suspended sediment transport.

a = Calibration parameter.
g = magnitude of flow velocity.
C = Chezy friction coefficient.

A = Relative densitydspw) / pw

Dso = Grain size diameter.

The longitudinal calibration was done to obtain dadibration parameter of the
Engelund-Hansen formula. To obtain the correctedétu this parameter the longitudinal
bed level profile has to be similar to the measied level.

After each computation, the Delft 3D QUICKPLOT wased to obtain the

average bed level in each section.

After some computations, the best results wereimddawith values of calibration
parameter of the transport formula equal to 0.65@&nd 0.8. The results obtained with
these values were very similar, because the mods mot very sensitive to this
parameter. Finally the value of 0.65 was chosemumex the results in 1999 were a little

bit better than the other results.

The figure 2.18 shows the out line that was folldwe

Transport Formula: Engelund-Hansen

Calibration Coef.
Bed roughness height

Koch and Flokstra formula

Ashld
Bshld

Espir coeficient

D50 mm
Morfactor

TRIAL 1 2 3 4
1 0.5 0.8 | 0.65

0.024 | 0.024 | 0.024 | 0.024

0.8 0.8 0.8 0.8

0.5 0.5 0.5 0.5

1 1 1 1

0.4 0.4 0.4 0.4

50 50 50 50

Figure 2.18 Outline of the longitudinal calibration
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To avoid that the computation time was toaylam50 Morphological factor value was
used. Therefore to avoid that the model becomeablestdue to the high value of the
Morphological Factor, constant boundary conditiorese used.

Therefore the upstream discharge average (theraulic discharge and the
morphological discharge are very similar) and tbeviastream water level average from
1995 to 1999 were calculated:

Average water levelhahstream: -0.19 m (NAP)
Average total discharpstream: 226 s

The final results of the model with a calibratioargmeter of 0.65 are shown in the
figures 2.19, 2.20, 2.21:

Average bed level in total width 1996

-3
-3.2 | —e—Results of the model
-3.4 +— —a— Measurements
-3.6
-3.8

-4 - m
-4.2
-4.4 V

E -4.6

-4.8 - *

) ¢
-5.2 i
-5.4 XI
-5.6 *
-5.8

993 994 995 996 997 998 999 1000 1001
km

Figure 2.19 Bed levels of the model against readsneements.
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Average bed level in total width 1998

—e— Results of the model
—a— Measurements

993 994 995 996 997 998 999 1000 1001

km

Figure 2.20 Bed levels of the model against resdsneements.

Average bed level in total width 1999

—e— Results of the model
—s— Measurements

993 994 995 996 997 998 999 1000 1001

km

Figure 2.21 Bed levels of the model against resdsneements from.
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The differences between the model and the real @Wata not so large in the
major length of the river. However in the lower tpaf the river (after km 999) the
differences between the real data and the mode way large.

The reason of these differences is that the Irda#a used in the model (data form
Baseline) are already different from the Rijkswst@at data, mainly downstream the km
999.5. Therefore if the initial data of the modeé aifferent, it is normal than the
evolution for each year of the bed level in the glagill not achieve the same value than
the measurements from Rijkswaterstaat.

Initial long profile

-3.2 +— —e— original from Baseline
-3.4 4

-3.6 + —s— measurements from
3.8 Rijkswaterstaat

-4?2 ﬂ

-4.4 1

e \ur 0l

5.4
-5.6
-5.8

993 994 995 996 997 998 999 1000 1001

km

Figure 2.22 Differences between initial data froasBline and from Rijkswaterstaat
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2. — Transversal calibration:

The transversal sediment transport formula oftloeel is the Koch & Flokstra’
formula:

S, =a_ S"

- & = Bed load transport affected for transverseeslo
- &= Bed load transport no affected for transvelspes

-

CZ
o, =1+, —
cs
- ops = user-defined parameter. (default = 1)
With the os parameter, the new value of sedimet transport taidd. But the

transverse slope affects to the sediement transpgel too. The direcction of the bed
load transpor is adjusted according to followingrfalation:

y : 1 oz,
5111{@}4—}({9} )

tan(@, )= e
r:ucrs({p,‘}——‘i

- f(t?f} ox

Where ¢, is the original direction of the sediment transpamd ¢s is the final
direction and {#) equals:

Ca /D

4,05 (D) 2]

5\'1' i H ' D ]

.\ Y, X m i

- Aghig = Calibration parameter
- Bshna=0.5
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The initial bed level used in the computations veasounding of the bed
topography, and therefore the bed level at the @nhdach computation would look
similar to the initial one. It means that the chamg the point bars and pools would be
very small. So the point bars and pools at theadrile computation would be similar to
the point bars and pools in the original bed toppby.

The transversal calibration consists of obtainviaeie of Ashld that produces in
the model similar length and height of the bars sindlar depth of the pools than in the
initial bed level. So to carry out the transversalibration the value of Ashld was
changed.

To carry out the transversal calibration, plotshoée grid lines along the model at
the river axis were done. These three grid lineseveelected taking into account the
effect of the groynes in the bed level, so only ghe lines 3, 4, 5 and 11, 12, 13 were
selected.

Figure 2.23 : grid lines selected for the transwarsalibration
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Therefore focusing on the plots of these three Igmek, the similitude between
the length of the bars in the model at the enth@fcomputation and the length of the bars
in the initial bed level was checked. Also in thetas, the height of the bars and the
depth of the pools were checked. The figure 2.24vshthe outline that has been
followed:

TRIAL 1 2 3 4 5 6 7
Transport Formula: Engelund-Hansen

Calibration Coef. 1 0.5 0.8| 0.65|0.65| 0.65| 0.65
Bed roughness height 0.02410.02410.024 1 0.024| 0.02|0.024 | 0.024

Koch and Flokstra

Ashld 0.8 0.8 0.8 0.8 0.8 0.6 1
Bshld 0.5 0.5 0.5 0.5| 05 0.5 0.5
Espir coeficient 1 1 1 1 1 1 1

D50 mm 0.4 0.4 0.4 04| 0.4 0.4 0.4
Morpfactor 50 50 50 50| 100| 100| 100

Figure 2.24 Outline of the transversal calibration.

Before checking the structure of the bars and pdbks period of time for the
computations was selected. In order to get it, soomeputations with different period of
times were run, and after each computation theldesl in a point in the inner bend and
the bed level in a point in the outer bend was kbécthese points were in the km 999.5
(grid line 140).

When these bed levels became stable it meantthigatime period of this
computation was the correct one. So after some uatatipns, the bed level in those
points became stable for the period from 1995 @b20
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Bed level inner bend

Figure 2.25 Bed level in the inner bend, km 999.5

Bed level outer bend

m NAP

Figure 2.26 Bed level in the outer bend, km 999.5
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Once the computation period time was selectedrémsversal calibration was done.
To carry out the simulation, the value of the Manfalgical Factor was increased from 50
to 100.

the results of the trial 5, 6, 7 are shown clwséhe original bed level to make
easier the comparison between them :

TRIAL 5:
Initial Bed level
-2
-2,4 ~
N
28 i ] 1
-4 1 \£ Pv.\} S d|
4.4 — A — 15— s b W —grid line 3
-4,8 J l@\\ \\{\A‘ | i )ﬁm kl' "
52 I’ A w ——grid line 4
o 56 b { WA .
< -6 i grid line 5
£ 64 f \J -
E 68 - l' f grid line 11
7,2 ! —qgrid 12
76 - ’
-8 I
84 | grid line 13
-8,8 1
-9,2
-9,6
-10 A
-10,4 : : : : : : :
993 994 995 996 997 998 999 1000 1001
km

Figure 2.27 Initial bed level (measurements frons@&ee)
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24
2,8
3,2
3,6

44
48
5.2
56

-6,4
-6,8
-7,2
-7,6

m (NAP)

-84
88
9.2
96
-10
-10,4

km

Bed level end of comptutaion
Ashld =0.8

——grid line 3
——grid line 4
grid line 5
~———grid line 11
——grid line 12

——grid line 13

993 994 995 996 997 998 999 1000

Figure 2.28 Bed levels at the end of computatipd= 0.8).

Bed level at grid lines 4 and 12

10,2
106

994
994
995
995
996
996
997
997
998
998
999
999
999
999
1000

—— grid line 4 end of
computation

——grid line 12 end
of computation

grid line 4 initial

——grid line 12 initial

1000

Figure 2.29 Initial Bed levels against Bed leveishee end of computation.
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With these figures, the similarity between thegkbnof the bars at the end of the
model and the length of the bars in the initial kel was checked.

A numerical value was calculated to have a gdnedea about the difference
between the original bed level and the bed leviglrahe calculation. The definition of

this value was:
TOTAL = (Initial Bed kel — End Bed Levet)

This value was calculated for each grid line amhtthe results were added:

grid line 3| grid line 4 | grid line 5 grid line 11 | gid line 12 | grid line 13

| VALUE 94 88 45 53 43 26
[ TOTAL VALUE | 346 |
TRIAL 6:
Initial Bed level
-2
-2,4 A
-2,8 A
-3,2 A
-3,6 \ a |
-4 ] Pv A\ \/“‘ &
- | e [\ LA |\ 4] —_ i i
i 4 W A W L gridfine 3
=8 A VAV YA WAL V| gridline4
~ 22 v 9
< 6 | ‘1! v grid line 5
< 28 o 4 grid line 11
72 : : —grid 12
76 | 4 an
-8 - R
84 ( grid line 13
-8,8 A
-9,2 A
-9,6 A
-10 +
-10,4 w w w w w w w
993 994 995 996 997 998 999 1000 1001
km

Figure 2.30 Initial bed level (measurements fronsdlime)
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Bed level at the end of computation
Ashld = 0.6

24
28

-3,2
-3,6 ——grid line 3
-4.4
-4.8
5,2
-5,6

——grid line 4

grid line 5

-6,4
-6,8
-7,2
-7,6

m (NAP)

——grid line 11

84 ——grid line 12

-8,8
-9,2
-9,6

——grid line 13

-10
-10,4
993 994 995 996 997 998 999 1000 1001

km

Figure 2.31 Bed levels at the end of computatiaadA 0.6)

Bed level atgrid lines 4 and 12

——grd line 4 end of
computation

——grid line 12 end of
comptutation

grid line 4 initial

——— grid line 12 initial

S S 0 0 0N © O - 00 00 00 o o O O O
D DYDY DN OO O

Figure 2.32 Initial Bed levels against Bed levdistee end of computation.
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grid line 3| grid line 4 | grid line 5 grid line 11 | gid line 12 | grid line 13
| VALUE 97 93 46 56 47 24

[TOTAL VALUE | 364 |

The results of the trial 6 are worse than the tesflthe trial 5. It can be checked
in the plots and also in the number value.

So after these two computations the value of Astdd increased to check if it
was possible to get better results.

TRIAL 7:
Initial Bed level
-2
- m
e i
-3,2
-3,6
-4 v -
4,4 4 1 —gridline 3
_418 \g . .
5,2 ——grid line 4
o 56 .
% 6 grid line 5
€ 64 .
£ -68 | grid line 11
1.2 [ —grid 12
76 | 4 9
_8 A _ . .
84 ( grid line 13
-8,8 -
-9,2 A
-9,6 -
-10 A
-10,4 : : : : : : :
993 994 995 996 997 998 999 1000 1001
km

Figure 2.33 Initial bed level (measurements froaséine)
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Bed level at the end of computation
Ashid =1

-2,4
-2,8
-3,2
-3,6

——grid line 3

44
-4.8
52
56

——qid line 4

. grid line 5
6,4
6,8
7,2
7,6

m (NAP)

——grid line 11

-8,4
-8,8
-9,2
-9,6
-10
-10,4

——grid line 12

——grdi linel3

993 994 995 996 997 998 999 1000 1001

km

Figure 2.34 Bed levels at the end of computatiaadA 0.1)

Bed level at grid lines 4 and 12

-2,

——grid line 4 end of
computation

—grid line 12 end
of computation

grid line 4 initial

—— grid line 12 initial

994
994
995
995
995
996
996
997
997
998
998
998
999
999
999
1000
1000
1000

km

Figure 2.35 Inicial Bed levels against Bed levalsh@ end of computation
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grid line 3 | gridline4 | gridline 5 grid line 11 | grid line 12 grid line 13
| VALUE 91 85 44 51 41 26
|  TOTAL VALUE | 336 |

Maybe if all the plots are compared it is not t@syeto guess what trial is better.
But if the different results of parameter “TOTAL VAE” are compared, the trial 6 is
the best result.

3.-ConclusionTherefore, after the transverse calibration aeddhgitudinal calibration,
the morphological parameters values are:

Calibration parameter of the transport formula:
o (Engelund-Hansen) = 0.65.

Koch and Flokstra formula :
0 Ashld=1
o Bshld=0.5

Roughness (Manning) = 0.024

Espir coefficient = 1

- Dsp=0.4 mm

2.3.5 Implementation of the sand trap and final cabration:

In this calibration the parameter that was necgdsecalibrate was the parameter
“BED”. This parameter is the multiplication factor foedbload transport vector
magnitude. This parameter is implemented insideghological file that is used for the
Delft3D-FLOW.

This calibration consisted of finding a correctualof the parameter “BED”

which produced an evolution of the sand trap inrttuglel similar to the evolution of the
sand trap in the pictures.

To introduce the sand trap in the topography ofrtioglel, two operations were
done:
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1. - First the influence of the sloping parts was stddithe sloping was so high,
and therefore a vertical sand trap slope was s@gpos

2. - Using Delft3D — QUICKPLOT the bed level averagehe place of the sand
trap was calculated. To calculate this bed leverage, the effect of groynes in the banks
(left and right) was removed. Thus the bed levarage between km 997 and km 998
was:

Average Bed Level =-4.8 m
After the mean bed level was calculated, usingotiogram Delft3D- RGFGRID a

value of 1.5 m was subtracted to the original @l Therefore the final bed level was
-6.3 m.

EOONDEEDEEONOEE IO
wa
£

Figure 2.36 Bed levels before to implement the $eapl(the legend shows the
depth of the bed).
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E0EDNNOEEOONIEEEEEEEEECOOR

Figure 2.37 Bed level after building the sand trége red line indicates the place where
the sand trap was dug.(the legend shows the déplieded).

Once the new topography was introduced in the matiel calibration of the
model was done.

Using the evolution sand trap pictures, the evotutof the sand trap between
2005 and 2006 was studied.
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Eutract from Jmp2005yssal
11135 108
Jmp2005yssel St -
Clate- 002 meRmate bl oo Erin
km997 207 - g0
T aas - -6a0
[ sea - ae1
B 400 .- 972
. 733
B ioz - 155

Figure 2.38 Sand trap Bed level in 2005.

Jmp2006yssel
km997

Figure 2.39 Sand trap Bed level in 2006.
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The evolution of the upstream boundary of the stiad was studied in these
pictures and the results were that between thes\&@#35-2006 the upstream boundary of
the sand trap moved about 80-100 m. This was fleenration that was used to carry out

the calibration.

To carry out the calibration after the works, theuidaries conditions were

changed from constant boundaries conditions talé@iboundaries conditions.

Therefore, the daily water level downstream anddagy discharge were used.
The period that was selected for these data wam #005 to 2007. This period was
selected because the pictures of the sounding wlaigh were used for studying the
movement of the sand trap, were from 2005 to 2006.

S00¢-T1-€

Water Level Downstream

S00¢-T-S
S00¢-T-L
S00¢Z-T1-6
S00¢-T-1T
900¢-T-1
900¢-T1-€
900¢-T1-9
900¢-T-L

900¢-T1-6

H
N
e
N
o
S
>

200¢-T-T

Figure 2.40 Daily water levles in ljssel river.
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Discharges Upstream

900 ~

800 -

700

m3/s

1-1-2005
1-3-2005
1-5-2005
1-7-2005
1-9-2005
1-1-2006
1-3-2006
1-5-2006
1-7-2006
1-9-2006
1-11-2006

1)
S
S
o
—l
>
—l

Figure 2.41 Daily discharges in Olst.

Once the boundaries conditions were changed, thdehweas run with different
values of BED".
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= BED =1

Evolution sand trap.
Bed level reference - Bed level sandtrap

14
13
12
11

0.9
0.8
£0.7
0.6
0.5
0.4
0.3
0.2
0.1

994 995 996 997

km

998 999

1000

Figure 2.42 Evolution of sand trap with Morfactorl=

=BED =05

Evolution sand trap.
Bed level without sand trap - Bed level with sandtrap

Figure 2.43 Evolution of sand trap with MorfactorG=5
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The Figure 2.43 shows that the movement of the sapds between 80 and
100 m, therefore the value of 0.5 was chosen.

With this last parameter the model was totallylralied.

2.4 Effect of different transport formula:

In the last calibrations the transport formula whees Engelund — Hansen formula.
That is a total load formula, including bed loadl auspended load. However, using this
formula the model doesn’t take into account thedgeh adaptation of suspended-
sediment to changing flow conditions which are niedewith the advection-diffusion
equation.

Therefore the model was studied with another transfprmula: the Van Rijn
1984 formula in combination with Galappattis modeiis model takes into account the
gradual adaptation of suspended sediment transport.

Sedimet transport upstream "sand trap” (km 997)

0.01
0.009 -
0.008
0.007 -
0.006
0.005 +
0.004
0.003 +
0.002
0.001 -

——Engelund - Hansen
——Van Rijn 1984

m3/s

2005
2006 3
2007

Figure 2.44 Sediment transport with different tnao formula (km 997)
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The figure 2.27 shows that the sediment transporéry different depending on
the transport formula that is used. Indeed the atnolusediment that arrives to upstream
boundary of the sand trap is not the same if tesport formula is changed. It’s clear
that with the Engelund- Hansen formula the sedinramisport in that km is higher than
with the Van Rijn 1984 formula.

Sedtiment Transport downstraeam "sand trap"” (km 998)

0.003
0.0025 -
—— Engelund - Hansen
——Van Rijn 1984
0.002
2
& 0.0015
S
0.001 -
0.0005 A A i
0 Wmmmm W&

2005
2006
2007

Figure 2.45 Sediment transport with different tnao formula (km 998)

The figure 2.45 is similar to the figure 2.44. leams that the sediment transport is
higer with the Engelund-Hansen formula than witm\Rajn one.

After the formula effect in the sediment transpeds studied, the effect of the
Van Rijn formula in the sand trap was studied. @y out this study, the cumuluative
sediment transport upstream the sand trap (km 88@)downstream the sand trap (km
998) was studied:
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Cumulative sediment transport upstream sand trap (km 997)

1800
1600 —— Engelund - Hansen
1400 ——Van Rijn 1984
1200
1000
[32]
€
800
600
400
200
0
[Te] © ~
8 S 8
N N N
Figure 2.46 Cumulative sediment upstream sand trap.
Cumulative sediment transport downstream sand trap (km 998)
600
500 ——Engelund - Hansen
——Van Rijn 1984
400
£ 300

200

100

2005
2006
2007

Figure 2.47 Cumulative sediment downstream samngl tra
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Using these figures and the data that they are,fthenfollowing results were obtained:

| YEARLY SEDIMENT TRANSPORT |

Engelund Hansen (m3) Van Rijn 1984 (m3)
Upstream sand trap Downstream sand trap | Upstream sand trap | downstream sand trap
2006 444 240 318 127
2007 1104 296 571 193

The results with Engelund-Hansen formula are giifferent than the results with
Van Rijn 1984 formula.

As it said in the beginning of the chapter, thenVRajn formula distinguishes
between sediment transport below the referencénteidnich is treated as bed-load
transport, and the sediment transport above tleeeete height, which is treated as
suspended-load. In the column of water, the relahgp between the suspended sediment
transport and the bed load transport is wheredkedaion-diffusion phenomenon is
implemented in the model.

Because Van Rijn formula includes this phenometius,formula was chosen for
the model.
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2.5Influence of the bridge over the sediment zone.

In the lower part of the river there is a bridgel alownstream there is a bend. In
this bend there is a sedimentation zone which meslihat the depth in that zone was

very low.
This bridge has a pier in the middle of the rivend maybe it should produce

some effects over the sedimentation zone (figui8)2.

, l Kattendiep
Bl ki send pit B

.Ket'eld iep g;“*’*‘ e

Lower |Jssel River

Peiling 27 februacl en 3 maart 2003
Hoogten t.o.v, NAP
Gridcel grootte im

Figure 2.48 Location of sedimentation zone anddweid

The bridge was introduced in the model using thgoapof “Thin Dam” in the
program Delft 3D — Flow.

The optiomhin Damis used to introduce in the model objects with etisions
lower than the grid dimension. In this case thethvaf the pile of the bridge is 5 m and it
is very small if it is compared with the width diet computation grid.

The characteristic of thisiin Damis that it is a very thin object that avoids flow
exchange between two adjacent computational cells.

So to check the bridge pile affectation, the sedini@nsport results of the model
with the bridge were studied and compared withltesid the model without the bridge:
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Cumulative sediment transport upstream sedimentation zone
(km 999,5)

1000

900

—_ WITH BRIDGE ) S
800 —_NO BRIDGE f
700 /
600 J
500 l,
7 K—Jk——//——r/"
300

200 - /
100

m3

O TR T T T T T T T T T T T T T T A T T T T, A e T 0 T T T T T o T AT v e o
Lo (o] N~
o o o
(@] (@] o
N N N

Figure 2.49 Cumulative sediment transports km 999.5
The figure 2.49 shows the cumulative sediment paristhat arrives to the
sedimentation zone just after the bridge. The diffee is not too much, but it is enough
to introduce the bridge in the model.

Therefore after these verifications, the bridge wma®duced in the model and the
model was totally finished.
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3. Results & Discussions

3.1 Final model and the effect of the sand trap

Results

= Evolution of the sand trap with the formula of Vijn

Evolution sand trap.
Bed level reference - Bed level sandtrap

14
13
1.2
11

0.9
0.8
€0.7
0.6
0.5
0.4
0.3
0.2
0.1

994 995 996 997 998 999 1000

km

Figure 3.1 Evolution of sand trap
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= Sediment transport over the sand trap:

Effect of sand trap over the sediment transport

0,006

0,005

—— Upstream sand trap
—— Downstream sand trap

0,004

m3/s

0,003

0,002

0,001

2005
2006
2007

Figure 3.2 Sediment transport in km 997 (upstreanddrap) against km 998
(downstream sand trap)

= Cumulative sediment transport over sand trap:

Cumulative sedimet transport over the sand trap

1000

00— Upstream sand trap
800 1 —— Downstream sand trap
700

600
500

m3

400
300
200
100

2005
2006
2007

Figure 3.3 Cumulative sediment transport in km @g¥tream sand trap) against km
998 (downstream sand trap)
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= Effect of the sand trap over the erosion zoneha lower part of the river (from km
999.5 to km 1000) :

Cumulative sedimet transport upstream sedimentation zone
(km 999.5)
1000
900 —— WITHOUT SAND TRAP
800 —— WITH SAND TRAP
700
600
2
[32)
e 500
400
300
200
100
0
[Te) © N~
o o o
o o o
N N N

Figure 3.4 Cumulative sediment transport km 999.5

Cumulative sedtiment Transport downstream sedimentation zone (km
1000,5)

350

300 — WITHOUT SAND TRAP
— WITH SAND TRAP

250

200

m3/s

150

100

50

2005
2006
2007

Figure3.5 Cumulative sediment transport km 1000.5
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Discussion

The figure 3.1 shows the sand trap evolution frdd@32to 2007. This figure is
very similar to the figure obtained with the EngeluHansen formula, in fact the
movement of the sand trap is the same, but theditf it is not the same.

Surface (m?) 170
Filling per year (m®) 6400
Movement (m) 87

The figure 3.2 shows that the sand trap worksbekause the sediment transport
upstream the sand trap is bigger than the one dosams the sand trap. It means that

there is sedimentation in the sand trap.

The figure 3.3 shows the effect of the sand tragr ttve cumulative sediment
transport, with this figure is easier to checkdhngount of sediment transport that the

sand trap avoids.

| YEARLY SEDIMENT TRANSPORT

Sand trap (m3/year)

Upstream sand trap | Downstream sand trap

2006

221

127

2007

643

193

The figures 3.4 and 3.5 show that cumulative sedintransport that arrives to the
sedimentation zone is the same with or without seaqal Therefore the effect of the sand

trap over the sediment transport is non-existent.
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3.2 Evolution bed levels from km 998 to km 999.5
Results

To try to find a reason for not efficognof the sand trap, the evolution of the bed
level in the stretch between downstream sand(kap998) and the upstream boundary
of the sedimentation zone (km 999.5) was studied.

Evolution Bed level between sand trap(km 998) and
sedimentation zone (km 999.5)

4.1 A
— 2005 \
/\/Q<—\
4.3

sl m AN ek I a
7

-5.1 1
-5.3
_5-5 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
© «H N M <& H © N~ 0O O O O +HA N ™M <
8 o0} [e0] [e0] [e0] [e0] o0} o0} o0} o0} [e0] (@] (@] (@] (e} (e} (e}
(e} (@] (@] (@] (@] (e} (e} (e} (o) (@] (@] (@] (@] (o) (o) (o)
(0)} (o)) (o)) (o)) (o)) (0)} (0)} (0)} (0)} (o)) (o)) (o)) (o)) (0)} (0)} (0}
km

Figure 3.6 Evolution of bed level without the sarap (average over all the width).

The figure 3.6 shows the evolution of the bed ll@veéhe stretch between km 998
(where the sand trap would be) and the km 999.®(g/the sedimentation zone begins).
These bed levels are from the model without thel $ieap.

Studying the figure 3.6 and after analyzing theadehere the figure is from, the
volume of erosion was calculated:
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| Calculation of volume of erosion

Total (m°) 7876
Yearly (m3) 3938
Chart 1

Once the bed level evolution was studied in the ehwadthout sand trap, the same
research was done in the model with sand trap:

Evolution Bed level between sand trap and sedimentation zone
-4.1 A
—— 2005 /\
—— 2006 /
_ NN \/a
-4.9 / \y
-5.1 1
-5.3 1
_5-5 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
©® «H N M <& H © N~ 0O O O O +H N ™M <
8 Q [ce] [ce] [ce] [ce] Q Q Q Q [ce] (2] (2] (2] (e} (e} (e}
(e} (2] (2] (2] (2] (e} (e} (e} (e} (2] (2] (2] (2] (e} (e} (e}
(o)} (o] (o] (o] (o] (o)} (o)} (o)} (o)} (o] (o] (o] (o] (o)} (o)} (o)}
km

Figure 3.7 Evolution of bed level with the sandt{average over all the width).

With the figure 3.7 and the data where it is fréing volume of erosion over this
part of the river was obtained:

| Calculation of volume of erosion

Total (m®) 12826
Yearly (m3) 6413

Chart 2
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Discussion:

If the charts 1 and 2 are compared, it is eagshexrk that the erosion from km

998 to km 999.5 with the sand trap in the moddigger than the erosion without the
sand trap in the model.

So, in the model with sand trap, the river takeBrsents from this stretch leaving
them in the sedimentation zone.

The figure 3.7 shows the effect of the sand tragr dke bed level. There is an
important erosion between km 998 and km 998.2,dfasion wasn't in the figure 3.8. So
focus in this erosion it is possible to guess theezthat is affected for the sand trap.

4. Different alternatives to the original sand trap

As in the results of the point 3.1 was said, thfeafof the sand trap over the
sedimentation zone was very weak. For this reasas decided to study different
alternatives for the original sand trap.

The different alternatives to study were groupethia different groups : group A
and group B.

4.1 Alternative group A

These alternatives consisted of sand traps wittsdinee volume than the original
sand trap, but different dimensions.

The location of the sand trap was also changed;stred trap was moved
downstream, so the end of the sand trap was ikrth898.5. The sand trap was moved
downstream to try to put it nearest to the sediatéort zone

Inside group A, two alternatives were studiaiternative A.landalternative A.2.

4.1.1 Alternative A.1
In the alternative A.1, the length of the saraptwas from 1000 m to 1500 m.

To maintain the original volume, the bed level weduced from -6 m in the original sand
trap to -5.5 m. Also the beginning of the sand tta&s moved from km 998 to km 998.5.
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| ALTERNATIVE A.1 |

Length (m) 1500

width (m) 75

Bed level (m) -5.5
| Volume of dredging (m®) | 112500 |

| Volume of original sand trap (m3) | 112500 |

Sedimentation zone km 998.5 km 997

Figure 4.1 New location of sand trap.

This new sand trap was introduced in the model, thedeffect of the sand trap
over the sedimentation transport was studied. &fiect of the new sand trap over the
sediment transport was compared with the effecthef original sand trap over the

sedimentation transport.
The place of the sand trap was changed; theréfi@ecross-sections that were

used to study the sediment transport were changed.
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The chart 3 shows that the new sand trap reducesddvnstream sediment
transport. It means that the effectiveness of tea rsand trap is bigger than the
effectiveness of the original sand trap.

Original Sand trap (m°) Modified sand trap (m®)

Upstream sand trap Downstream sand trap Upstream sand trap | Downstream sand trap
2006 221 127 228 82
2007 643 193 646 174

Chart 3. Different effectiveness of the sand traps.

Once the effectiveness of the new sand trap walsestuthe effectiveness of the
new sand trap over the sedimentation zone wasestudi

m3

Cumulative sedimet transport upstream sedimen zone

(km 999.5)
1000 1= — WITH ORIGINAL SAND
900 L TRAP
800 || — WITH MODIFY SAND TRAP J—__’_
700 -
600 -
500 -

400 A/r___4_____,-——————————a————/r
300

200 | /
100

2005

2006

2007

Figure 4.2 Cumulative sediment transport in thed98.5
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Cumulative sedtiment transport downstream sedimentation zone
(km 1000)

350

300
— WITH ORIGINAL SAND

TRAP
250 — WITH MODIFY SAND TRAP

200

150

100

50

Figure 4.3 Cumulative sediment transport in the1a0.

The figures 4.2 and 4.3 show the effectiveneshetand trap over the erosion
zone is almost insignificant again.

The evolution of bed level between downstream Hawn of the sand trap (km
998.7) and upstream the sedimentation zone (km5998as studied to know the
evolution of the sand trap.

Evolution Bed level between sand trap and sedimentation zone

——2005
——2006
2007

o [{e] N~ [oe] o) o - N ™ < n

[ee] [ee] [ee] [ee] [ee] [2] [2] [2] (@] (@] (@]

[2] (o] [2] (2] [2] [2] [2] [2] (o] (o] (o]

[e)] (o] [} [} [e)] [e)] [} [e)] (o] (o] (o]
km

Figure 4.4 Evolution of bed level between km 988.&% 999.5
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The sand trap of the alternative A.1 catches rsettment than the original one;
therefore the erosion downstream of the sand sdyigger than in the original situation.
This erosion is concentrated in the first kilomst@om km 999.5 to 999) after these
kilometres the is an important sedimentation (flom999.2 to km 999.4)

4.1.2 Alternative A.2

In the alternative A.2, the length of the sang tnaas increased from 1000 m to
1700 m. The river length was not more to avoid dgnegl in the bends. To maintain the
original volume, the bed level was reduced fronrm-@&n the original sand trap to -5.3 m.
Again the beginning of the sand trap was moveunhfkon 998 to km 998.5.

| ALTERNATIVE A.2 |

Length (m) 1700

width (m) 75

Bed level (m) -5.3
| Volume of dredge (m3) | 102000 |

|VOIume of original sand trap (m®) | 112500 |

In the alternative A.2 the total volume to dredges\wess than in the original sand trap.

Figure 4.5 Location of the new sand trap.
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To study the effect of this new sand trap, the sgreedure used for the
alternative A.1 was followed. So the chart 4 shtieseffectiveness of the new sand trap:

Original Sand trap m® Modified sand trap m®
Upstream sand trap | Downstream sand trap | Upstream sand trap | Downstream sand trap
2006 221 127 344 94
2007 643 193 863 194

Chart 4. Different effectiveness of the sand traps

The chart concludes that the new sand trap, of twhatume is lower than the
original one, is more effective than the actualdsaap.

After, the modified sand trap effect over the sesfitation zone was studied:

Cumulative sedimet transport upstream sedimen zone
(km 999.5)

1000 = — WITH ORIGINAL SAND
900 | TRAP

800 || — WITH MODIFY SAND TRAP /

700 H

600 -

m3

500
400 /
300 f_'_"—’_/—
200 /

100 f

2005
2006
2007

Figure 4.6 Cumulative sediment transport in thed@a.5.
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Cumulative sedtiment transport downstream sedimentation zone
(km 1000)

350

300
—— WITH ORIGINAL SAND

TRAP
250 —— WITH MODIFY SAND TRAP

200

150

100

50

Figure 4.7 Cumulative sediment transport in the1a0.

Again, the new sand trap had not any effect dweisediment transport in the
sedimentation zone.

The evolution of bed level between downstream baonaf the sand trap (km
998.5) and upstream the sedimentation zone (99&8)studied again.

Evolution Bed level between sand trap and sedimentation zone

—— 2005
—— 2006
2007

n © ~ © o o — ~ ™ < 0
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(2} (2} (2} (2} (2] (2] (o2} (o2} (2] (o2} (o2}
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Figure 4.8 Evolution of bed level between km 988 999.5
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4.2 Alternative group B.

This alternative B was with more length than titeraatives A.1 and A.2 and
deeper. Therefore the volume to dredge was bidiger the original volume:

| ALTERNATIVE B |

Length (m) 1750
width (m) 75
Bed level (m) -6
| Volume of dredge (m3) | 196875 |
| Volume of original sand trap (m®) | 112500 |

The modified sand trap was located from the bersdrepm the harbour of
Kampen to the bend just upstream the bridge.

Figure 4.9 Location of the new sand trap (from K96.9 to km 998.7)
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So the sand trap in the alternative B was biggan tthe original one, and
therefore with more effect over the sedimentatrangport:

Original Sand trap m? Modified sand trap m®
Upstream sand trap | Downstream sand trap | Upstream sand trap | Downstream sand trap
2006 221 127 425 62
2007 643 193 946 134

Although the modified sand trap was bigger thandhginal sand trap, it is easy
to check in the figures 4.5 and 4.6 that its effecér the sediment transport in the
sedimentation zone was non-existent again.

Cumulative sedimet transport upstream sedimen zone
(km 999.5)

1000 =+ — WITH ORIGINAL SAND
000 L | TRAP

800 L —— WITH MODIFY SAND TRAP f /
700

600 /

500 -

m3

400 -
300

200 /
100 f

O T I T e T e e T T T T e T T T e T TR T e e e T e v A T
To) © ~
o o o
o o o
~ ~ ~

Figure 4.10 Cumulative sediment transport in thed@8.5
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Cumulative sedtiment transport downstream sedimentation zone

(km 1000)
350
300
—— WITH ORIGINAL SAND
TRAP
250 — WITH MODIFY SAND TRAP

200
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Figure 4.11 Cumulative sediment transport in theld@0

Evolution of the bed level with the alternative B:

Evolution bed level between sand trap and sedimentation zone

—— 2005
—— 2006
2007

o © ~ © o o I V] ™ < [to)

[e0] [ee] [e0] [e0] [e0] (o)) (o)) (o)) ()] ()] ()]

(o)) ()] (o)) (o)) (o)) (o)) (o)) (o)) ()] ()] ()]

()] (o] ()] o o o o o (o] (o] (o]
km

Figure 4.12 Evolution of bed level between km 9884 999.5
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5. Conclusions & Recomendations

During this report, the construction of the modéltlwe river IJssel has been
explained.

Once the model was constructed, the effectivenésise sand trap was studied,
and the following conclusions were obtained:

- The filling of the sand trap is 6400%year, which is less than the
estimated filing in the project (20000 %fyear). Therefore the
effectiveness of the sand trap is less than itexpected in the project.

- The sand trap construction produces an increagbeokrosion just
after it. But this effect does not arrive to thelisgentation zone, it
only affects the first 200 m downstream the saag.therefore, the
main goal of the sand trap (to reduce the sedimientdetween km
999.5 and km 1000) is not reach.

- The alternative A.1 with the same volume dredgeddpces better
results than the original sand trap, because theuatmof sediments
that it catchs is bigger than the original one. ldeer its effects over
the sedimentation zone are non-existent too.

- The alternative A.2 (sand trap with less volumenttiee original sand
trap) produces better results than the original (beeause fo the same
reason than the alternative A.1). This concluswudry important for
designing of future sand traps. Because dredgsand trap with more
length but shallower is possible to obtain betsutts.

- The alternative B shows that to construct a biggard trap is not a
solution to reduce the sedimentation downstreamkf 999.5
(sedimentation zone).

This model can be used in future researches taotrfind a better solution to
reduce the sedimentation after km 999.5. To stheyeffect of a sand trap nearest the
sedimentation zone (in the bend just before thadgle)i would be a good study. However
the effect of the erosion over the pile of the geidwill have to be considered in the
model.

Once the topography data of the sand trap afted A680available, a better
calibration of multiplication factor will be pos$#) and therefore the model will be
improved.
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