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| Motivation for study

e Predict dredging works

» 1,400 km watercourse management
» Estimated annual inflow: 150,000 m?®
» Budget : approx. 5 million € /year

» Treatment cost (2012): 30€/m?

2007 2008 2008 2010 20M 2012

e 3 = S 1 e T S LT W =i = S S——. £
Total budget 7251961 | 5.682.751 | 4.273.747 | 2464204 | 2.5591.090 | 5.879.741
{euro)
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| Motivation for study

e |ocation sediment ponds

» Construction 2/year

' > Since 2009 : Vondelbeek 2x.
¥ | Ophasseltbeek, Molenbeek,

Moenebroekbeek, Winge, Velpe,
Herk, Jeker
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| Outline study

e Sediment export (=erosion) — hydrological modelling
v" soil conservation measures
v’ = Watem/Sedem, LISEM (KULeuven)
v Input sediment load into hydraulic models

e Connecting soil to river — connectors
v' Sewerage network, ditches, roads

e Sediment tranport — hydraulic modelling
v’ river restoration scenarios
v Infoworks RS (detailed), Infoworks ICM (simplified) = 1D
v’ Deposition, erosion & resuspension
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| Outline study

e Both models:
e First application of detailed model for 7 catchments
e Then simplify model
e Application of simplified model for all catchments

e In this presentation: first test resuts for catchment Maarkebeek
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Il Challenges tackeled so far - River

Sediment continuity equation

z, 86 _, (1)

d
1=A)W
dt
where:

4+ = bed porosity

W = water surface width

Z = bed elevation

t=time

G = sediment transport rate {mjfs]

x = distance In flow direction
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Il Challenges tackeled so far - River

Replacing spill units
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Il Challenges tackeled so far - River

Stability

A .
- - = .
il — - &
| - — O
— - ¥
= - p— - =r
= - =

i

<
_ anteagroup




Il Challenges tackeled so far - River

Stability
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Il Challenges tackeled so far - River

In bank model vs model including flood areas
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Il Challenges tackeled so far - River

In bank model vs model including flood areas
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Il Challenges tackeled so far - River

In bank model vs model including flood areas
* Flooded structures: adding flooding volumes by vertical sluices

* Flooded river banks:
— example confluence Nederaalbeek - Molenbeek (KW180)

% G kol
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IV Results - soil

WaTEM/ Netto erosie 2005
SEDEM '

- 0 (t/ha)

D)
-1341.57 (t/ha)
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IV Results - soil

WaTEM/ Netto depositie 2005

SEDEM
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IV Results - soil

WaTEM/ Netto depositie 2005
SEDEM P

Total Sediment Produchion 6,628t  -. .

Total Sediment Depozition ; 2212t A
Total Sediment Expart : 2 406t
Taotal River Expart : 24190 ¢

f Total Pond Deposition 0t

- High : 10020.9
@)
— Low: 0
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IV Results - soil

WaTEM/SEDEM: output for each VHA segment

A B C D

1 |River_id Hillslope sediment input Sediment input upstream river Sediment output river

2 1 395 0] 395
3 2 210 0 210
4 3 356 0 356
5 4 204 395 598
6 5 219 356 575
7 7] 253 ] 253
8 7 13 0 13
g a8 219 ] 219
10 9 313 210 524
11 10 165 219 384
12 11 0 384 384
13 12 81 13 94
14 13 922 0 922
15 14 615 ] 615
16 15 85 709 793
17 16 245 1174 1419
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IV Results - River
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IV Results - River

Watershed Maarkebeek: Selected sedimentation zones
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IV Results - River

Watershed Maarkebeek:

—> scenario 1

Flaw (me)
120

tests on event 4/7/

Urk masddThmasdd T 0 Tors MAS Sod VoL 2

0
1300
aryznns

Flaw [Velume 545792568 01} m—

Start Date-Time [g1 ¢ 00 Active Layer [2 000
S t [01 januai 2000 00.00:00 > |#D =] Th‘“’g“’;ff""‘g | | =l
ediment Transport [1 goo - ed Porosity [0 500 =
Ean Coelt, | I 7] ! | =l
Depth Change [0.010 Channel Geometry
Cietia () | o =] {ipcaea 1 \ore )
Bed Elevation |1 000 I -I Transport i
Distibution i e IO |
IV Grading [~ DD and D100
Sediment Size D0 [0 010 - Sediment Size D100 [ 250 v
[rrrm) I J I :l [mm] I ‘ I :I
™ Hard Bed ™ Dredging
Dredaging Type Icom'am Level LI I“D ;I Dredaing Time Unit ISeconds ;| In[-, j
: Cohesive i
Diameter rho i 2 S S Cohesive Vs
mmy | Gim3) e e e ey | i)
0.050 2650.0 | Westrich & Jurashek - 0.900 [ 0.100 1.960
] 0.200 2650.0 | Engelund & Hansen v 0.100 O
¥ d 0J

nnnnn
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IV Results - River

Scenario 1, measuring location 347 at Leupegem

Simulation Plot Produced by d12235 (26/09/2013 12:10:39) Page 1 of 2
Sim: >Maarkebeek>Run Group>Test_MAA_Sed_VG1_2>EV_MAA_Sed_VG1_2 (20/09/2013 15:02:58)
Selection List: Custom Selection

maal3T
Concentration (mafl)
25000 —

measurement

simulation

[ Min [ Max |
>Maarkebeek>Run Group>Test MAA Sed VG1 2>EV_MAA Sed VG1 2 | 1607.743 | 18488.621 J C)
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IV Results - River

Scenario 1, measuring location at Maarke-Kerkem

Simulation Plot Produced by d12235 (26/09/2013 12:10:39) Page 2 of 2
Sim: >Maarkebeek>Run Group>Test_MAA_Sed_VG1_2>EV_MAA_Sed_VG1_2 (20/09/2013 15:02:58)
Selection List: Custom Selection

maallo
Concentration (rmg/T)
20000 -
Imulation
15000
10000
5000
n
\ Min \ Max \ D
>Maarkebeek>Run Group>Test_ MAA_Sed VG1_2>EV_MAA_Sed VG1_2 | 993.376 | 8038.858 |
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IV Results - River

Scenario 1, downstream ter Borgtmolen (sedimentation® EE
location)

River Section maaddza! Test_MaA_Sed_Val_Z ﬁ
Sad Changs fm) Sedimant Sencantration (mal
0.250 5 - 25000
0200 - - 200000
_ = sediment concentration (mg/l) |
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IV Results - River

Scenario 1, upstream Maarkebeek (erosion)
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IV Results - River

Scenario 1, sediment balance
Cumulative sediment mass balance (tonnes)
influx = 4948.6

outflux = 4104.5

net deposition (tonnes) = 738.7

net deposition (m3) = 557.5

— Good results sediment balance, but unrealistic high fluxes and sedimentation
volumes

@)

o
_ anteagroup



IV Results - River

Watershed Maarkebeek: tests on event 4/7/2005

—> # scenario’s, parameters: composite, armouring, Active layer thickness, settling
velocity, hard bed, porosity

—> scenario 217: . Model without grading, increased cohesive treshold and lowered
settling velocity

i — =
Cobaiva
| l:lﬂ.l'ml-l;r o Transpon equation Propodion Cohesive w m:"-i
'_t_| 0.050 | 2650.0 | Westrich & Jurashek - 01 500 I 50,000 | 0100 |
B| 0200 26500 Engehind & Hansen = ol O | 1
l_ii. _____ = O L |
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IV Results - River

Scenario 217, measuring location 347 at Leupegem

Sim: >Maarkebeek>Run Group>Test_MAA_Sed_VG1_2_NoGrading+Tau+VSyyy>EV_MAA_Sed_VG1_2 (26/09/2013 13:38:41)
Selection List: Custom Selection

Simulation Plot Produced by d12235 (26/09/2013 13:49:34) Page 1 of 2 ‘

River Section maal37 Test_MaA_Sed_VS1_2 MoSrading+Tau+WSyyy
Total Bed Change [m)

masn37 0,00 —
Concentration [rgfl)

25000 - |
20000 | i
-0.01
15000 | b
10000 | 1
-0.02 -
5000 i
[..Group>Test MAA_Sed VG1_2_NoGrading+Tau+VSyyy>EV_MAA_Sed VG1 2 } 12“7,‘.1‘19 } -0.03 -

-DID4 T I T I T I T I T I T I T I T I T I T I T I T I

12:00 Og:a0 oo:ao 12:00 12:00
372005 4/7i2005 SfTZ005 BiTFZ2005

Total Bed Change



IV Results - River

Scenario 217, measuring location at Maarke-Kerkem ~ =

Simulation Plot Produced by d12235 (26/09/2013 13:49:34) Page 2 of 2
Sim: >Maarkebeek>Run Group>Test_MAA_Sed_VG1_2_NoGrading+Tau+VSyyy>EV_MAA_Sed_VG1_2 (26/09/2013 13:38:41)
Selection List: Custom Selection

maalld
Concentration (rg/l)
25000

20000

15000 4

10000 —

5000

” D)
[ Min I Max
...Group>Test_ MAA_Sed_VG1_2_ NoGrading+Tau+VSyyy>EV_MAA_Sed_VG1_2 ‘ 54.121 ‘ 23144.049
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IV Results - River

Scenario 217, downstream ter Borgtmolen (sedimentatin
location, but erosion)

River Section maad®Zall Test MAA_Sed WEL_3_HaGrading+Tas+WSuygy

Bed Changs (m) Sedimast Cancentration [mogl
0002 5 25000
0,000 ~
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IV Results - River

River Section maal92a! Test_MAA_Sed_VG1_Z_MoGrading+Tau+WSyyy

Flow (m3i's) Total Bed Change [m)
2.0 r0.20
4.0 -

] " > net erosion

... But downstream node:

4 River Section maa083 Test_MAA_Sed_WG1_2_MoGrading+Tau+YSyyy
Total Bed Change (m)

1.0 0,200 -
0.0 T . . . . 7 . ; . 7 . ; . 7 . ; . 7 . i
1z2:00 0o:00 1z2:00 0o:00 12:00 DD 150 -
Z{TiZ005 472005 S{TiZ005 T
Flow (Yolume 177694, 709 m3) Total Bed Change = !
0.100 —
0.050 —
0.000 -——FFF—F—— 77—
12:00 ao:oo0 12:00 ao:oo0 12:00 ooQ:00 12:00
3 TIZ005 47/ 2005 S/T2005 &/ T/2005

Total Bed Change
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IV Results - River

Scenario 217, bend upstream Nonnemolen

River Section maal31 Test_MAA_Sed_VYG1_2 MoGrading+Tau+WSypy River Section maal31 Test_MAA_Sed_WG1
Bed Change (m) Sediment Concentration (mafl)l Total Bed Change ()
0.00035 20000 0,130
00004 — 25000
0.0003 — ~ 20000 0,100 -
0,000z - 15000 ; p'
0.0001 — ~ 10000 0,050 —
-0.0000 —I—J ~S0a0
-0,0001 VT —————F—7———— 10 ooy fm—p/———y——y—-+-r——F——"—r——r"

1z:00 0&:00 oo:ao 1800 1z2:00 12:00 O&:00 oo:oo 18:00 1z:00
37 2005 4/7/2005 SiTi2005 &S TF2005 372005 4/7/2005 Si7 2005 &f7/2005
Bed Change Sediment Concentration Total Bed Change O
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IV Results - River

Scenario 217, GOG Etikhove

River Section ned029 Test_MAA_Sed_WE1_2_ MoGrading+Tau+¥Syyy . . .
River Section ned029 Test_MAA_Sed_WG1_2 MoGrading+Tau+WSupy

Bed Change [m) Sediment Concentration [mgfl)
00003 o — 40000 Total Bed Change [m)
0,08
i L 1 o — e
0.0002 r - 30000 5.0
0.0001 H ~ 20000 0,04 o
-0,0000 —4"] — tooog  0.02 5
4} —P/I(\—_\\—— 0,00 T T T T T T T T T T T T
_D'DDDIIZIDE'I Ul selon | omoo o yson iz-us 1200 oewoo  omoo  imoo | izi00 O
. . . ' . 3f7fz005 4/ 72005 5/7fZ005 /7 2005
3T 2005 4/7/2005 SiT 2005 &f7 2005
h - Total Bed Change
Bed Change Sediment Concentration
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IV Results - River

Scenario 217, typical erosion/sedimentation profiles
(upstream)

River Section maal7é Test_MAS_Sed_WG1_2_MoGrading+Tau+VSyyy River Section maal 7?3 Test_MAA_Sed_VWG1_2_MoGrading+Tau+WVSyyy
Bed Change (m) Sediment Concentration (mg/l) Bed Change (m) Sediment Concentration (magfl)

00001 5 - 30000 00010 20000

0000 ———4 r\'—"— 23000 0,0008 o 25000

-0.0001 I 20000 0.0006 — L 20000
-0.0002 [ 15000 0.0004 15000
-0.0003 [- 10000 a.0002 - 10000

-0.0004 [- 5000 _o,o000 - - | - 5000

1 [ 4 ‘ L
-0.0005 +——F—T—F——FT"—T"—F """ 110 -0.0002 o
1200 06100 00:00 1g:00 1z:00 ' rrTr T e T T T
3/7/2005  4/7/2005  5/7/2005 &/7/20035 12:00 0&:00 0000 1&:00 12:00
Bed Change Gedimant Concentration 3/7/2005 44742005 5/7/Z005 6/7/2005
Bed Change Sediment Concentration
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IV Results - River

Scenario 217, sediment balance

Cumulative sediment mass balance (tonnes)
influx = 4948.8

outflux = 1207.6

net deposition = 3730.2

net deposition (m3) = 2815.3

—> Realistic fluxes, but unrealistic sedimentation volumes
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V Challenges to come - soil

WaTEM/SEDEM
* Erosion part - Sedimentation part
e (Calibration for a higher resolution (5 x 5m)
e LISEM
e Evaluation based on available datasets
* |f necessary: adaptations to LISEM
e Resolution 1*: optimal model results |
e Runoff model: Feasibility of the CN method
e Grain size distribution

e |Implementation connectivity hillslope —river
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V Challenges to come - River

Further calibration & validation of sediment modules

e Comparison between flood compatible and inbank IWRS model

e (Hydrodynamic) stabilization of IWRS (and ICM) model

e Simulate geometry update

e Comparison IWRS and ICM in terms of performance and calculation time

e Upstream extension of model (cfr. VHA)
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Thank you for your attention
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