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Abstract— The paper presents diversion of flood water
and inundation pattern in a polder with varying weir
crest width and manning co-efficient. SOBEK-Rural was
used to simulate 1D2D inundation pattern in the polder.
Maximum weir width was found 17.5m to confine diverted
flood water only in the compartment C1 with inundation
depth 0.95m and downstream discharge 274 m3/sec.
Water was not found on the ring dike around
compartment C4 until weir width 25m. However, water
was found on the western side dike of the compartment
C4 with weir width 26m and water may overtop into
compartment C4. To keep completely free from flood
water compartment C4, it is recommended to use
maximum weir width 25m. Downstream maximum
discharge was found 251 m¥/sec and maximum water
depth was found 1.1m, 0.1m and 0.1m for compartment
C1, C2 and C3 respectively with weir width 25m.
Manning co-efficient was found not sensitive to the
maximum discharge at downstream. However, manning
co-efficient was found sensitive to lag time of increasing
water depth and flow velocity therefore, it was found less
inundation depth and less flow velocity at a particular
time with higher manning co-efficient. Spatial inundation
was also found less in higher manning co-efficient and
therefore it is recommended to increase manning
coefficient at floodplain for effective flood risk
management.
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. INTRODUCTION
About half of the natural disaster in the worleiginated
from the flooding problem (Vost al., 2010; Guha-Sapir
et al.,, 2004; Jonkman and Kelman, 2005). Beside this,
population growth, unplanned flood plain developtmen
rapid and unplanned urbanization increases flogld ri
across the globe (De Moetial., 2011; and Tayloet al.,
2013). Investigation of inundation pattern, before
development of an area is worth to reduce flookl ois
that area. The Overland Flow (2D) module of SOBEK-

Rural (Deltares Systems, 2014) is designed to lzdfcu
2D flooding scenarios. The module is fully integdatvith
the 1D-FLOW module for accurate flooding simulation
The hydrodynamic simulation engine underneath setha
upon the complete Saint Venant Equations (Fend.et a
2006; Xu et al, 2012). It can simulate steep &pnt
wetting and drying processes and sub critical (Eegani

et al., 2008) and supercritical flow (Mustaffa bt 2013).

In addition the experience of this model is usedldod
risk management for real life problem.

Il. PROBLEM DESCRIPTION
It is shown in Fig. 1 the map of the 1D/2D netwdndm
Dordrecht, The Netherlands. The river flows fromutho
East to North West is connected to the inundatiea D
grid) by a flood relief channel, which is contralldy a
weir. Fig. 2 shows detail of flood relief channel.

J
¥ / f . Boundary North
£ “zns},hxaammn
‘ / j ‘2739/
T / o3
/
. —_—
/

DAl
izt~ Node 1
% 2 31~ Conneton N
230
24 -
- C1 C2
[} N1
emi
| —
C3 lC4 |

AN /

Fig. 1. 1D/2D network and four compartments of the
inundation area
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Fig 2: A detail of the flood relief channel and weir
The inundation area is a polder (Bouwer et al.,02&An
Manen and Brinkhuis, 2005) that is divided in eliént
compartments C1, C2, C3 and C4. The controlled
inundation of the polder can be necessary in otder
prevent dikes (Stanczak and Oumeraci, 2011; Vologus
et al., 2011) from breaking at some other pointtha
channel, causing economic damage and possiblydbss
human lives (Jonkman et al., 2009). Hence, thet"aafs
this flood relief structure is the inundation o&tpolder,
while the “benefit” is the reduction of the dowrestm river
discharge. It is recommended to keep compartmerite@4
from flood water and preferably C2 and C3 less dloo
water.

M. METHODOLOGY

SOBEK-Rural is developed by Deltares (Deltares
Systems, 2014) is capable for modelling irrigati&n
drainage systems, natural streams in lowlands dhd h
areas. Applications are typically related to optiimg
flood control, irrigation, canal automation, resarv
operation, agricultural production, and water dyali
control. SOBEK-Rural can also answer questions fabou
increased pollution loads in response to growing
urbanisation.
SOBEK-Rural offers the support If needed for effext
planning, design and operation of new and existiater
systems. The software calculates the flow in simgple
complex channel networks. It is possible to defale
types of boundary conditions (Prange and Gerde6;20
Prario et al., 2011), as well as define lateraloinfand
outflow using time series or standard formula. Fare
detail, the rainfall run-off process of urban areasl
various types of unpaved areas can be modellethgtak
into account land use, the unsaturated zone, gvoated,

capillary rise and the interaction with water lesvel open
channels.

Base model was developed with available hydroldyic
hydrodynamic data, DEM of study area, and necessary
field data. After developing the base model, modab

run for different scenario. Model output and neaegs
Fig.s area describe in following sections.

V. RESULT AND DISCUSSION
Fig. 3 shows the hydrograph at upstream, middlécsec
and downstream at base scenario with weir width2om.
The discharge at downstream section was found about
300 ni/sec.
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Fig. 3: Hydrograph at upstream, middle section and
downstream at base scenario with weir width 12 m

Fig. 4 shows, inundation depth in compartment G4. &
shows the inundation area for base scenario withi we
width 12 m. It was found that only compartment Cdsw
inundated.

01012008

Fig. 4: Inundation depth at base scenario
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Fig. 5: Inundated area at base scenario with weir width
12m

It was found the optimum width of weir is 17.5m whe
the inundation was confined within only compartmeérit
At different model run, it shows when weir width sva
increased the depth of inundation was also inctkase
compartment C1 and on the other hand the peakatigeh
was decreased at downstream. At optimum conditiibim w
weir width 17.5 m the peak discharge at downstreas
found about 274 ffsec whether at base scenario it was
about 300 rilsec.
To find the optimum solution, a historical hodesauth
west corner of compartment C1 was placed. By witich
was possible to check the depth of inundation &rnev
model run with increasing width of weir. At weir ath
17.5m, it was found the depth of flood water isw@hm95
m. The height of ring dike is 1.0 m so it is recoemded
to use maximum weir width of 17.5 m while all flood
water will confine in compart C1 only.

It was recommended to keep compartment C4 free from
flood water, while preferably less flood water intioe
compartment C2 and C3. The model was iterativety ru
until found water on dike. Until weir width 25m, veid
not fine water on dike around compartment C4(Fig. 6
However, at weir width 26m, water was found on dike
adjacent to the compartment C4 (Fig. 7). At thiseca
water may overtop into compartment C4. So, it is
recommended to use maximum weir width 25m to keep
completely free C4 from flood water. With this weir
width, maximum downstream discharge found 25set
while it was reduced 49 iisec from base scenario.
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Fig. 7: Inundated area with weir width 26 m
Fig. 8 shows water depth with weir width 25m. Fg.
shows depth of water 1.1m, 0.1m and 0.1m respégtive
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Fig. 8: Inundation depth at different compartment with
weir width 25 m
Model output shows that there is no significantngein
downstream hydrograph while 2D grid flood plain's
Manning coefficient(Anderson et al., 2006; Ayva@13;
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Noarayanan et al., 2012) changes to 0.06, 0.090&1®
from the base case 0.03. At every case the peakatige
was found about 292 ¥sec. But the total discharge at
downstream might be increased for back water etfaet
to increasing of manning co-efficient at flood plai

Fig. 9 and 10 Shows that the lag time (Talei andiaCh
2012) of increasing water depth is significantlyacbes
with manning co-efficient of flood plain. From Fig.it is
shown the lag time of increasing depth of watealisut
2hrs and 30 minutes for manning co-efficient 0.08fbr
manning co-efficient 0.06 it is about 3 hrs andh@futes
which shown in Fig. 10. From these two figuresitlear
that the time difference for increasing water defgh
about an hour. It is very important for flood risk
management specially for evacuation during emergenc
period.
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Fig. 9: Water depth at historical node 1 with manning co-
efficient 0.03
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Fig. 10: Water depth at historical node 1 with manning
co-efficient 0.06
Another important feature was depth of water at a
particular time was varies with manning co-effidiex
flood plain. It was shown that the depth of wated ®0
AM is about 0.5 m for manning co-efficient 0.03 vitner

at the same time these depth are 0.35m and 0.22m fo
manning co-efficient 0.09 and 0.12 respectivelyisTib
also very important for flood risk management.

Flood damage is extensively varies with flow vetpas
well. Fig. 11 and 12 shows that the peak flow vityoc
was considerably varied with flood plain manning co
efficient. Fig. 11 shows the peak absolute flowoedly
was 0.24 m/sec for manning coefficient 0.03 whether
was 0.15m/sec for the manning co-efficient 0.06).(ER)
and continue decreasing with increasing of manmiog
efficient.
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Fig. 11: Water velocity at historical node 1 with manning

co-efficient 0.03
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Fig. 12: Water velocity at historical node 1 with manning
co-efficient 0.06

Fig. 7 and 13 shows the inundation area with dsffier

manning co-efficient. Fig. 13 shows some area®wtl

dry and less depth of water at compartment C2 aBd C

due to higher manning co-efficient at flood plaimough

the width of weir is same compare to Fig. 7.
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V. CONCLUSION
The paper presents diversion of flood water and
inundation pattern of a polder with varying weirest
width and manning co-efficient. Base model simolati
result shows, downstream discharge 30&set and
inundation depth 0.75m with diversion channel crest
width 12 m. The height of ring dike across compaitin
Cl is 1.00 m. The model was iterating until wateptth
was safe for the ring dike. Final, simulation résllows
optimum width of weir 17.5m where the inundationswa
confined in the compartment C1 with inundation tept
0.95m and downstream discharge 274set.
Water was not found on the ring dike around
compartment C4 until weir width 25 m. However, wate
was found on the western side dike of compartmeht C
with weir width 26m and water may overtop into 04.
keep completely free from flood water it is reconmaed
to use maximum weir width 25m. Downstream maximum
discharge was found 251°%sec and maximum water
depth was found 1.1m, 0.1m and 0.1m for compartment
C1, C2 and C3 respectively with weir width 25m.
Manning co-efficient was found not sensitive to the
maximum discharge at downstream. However, this co-
efficient was found sensitive to lag time of insieg
water depth and flow velocity therefore, it wasrduess
inundation depth and less flow velocity at a pattc
time with higher manning co-efficient. Spatial imation
was also found less in higher manning co-efficiant
therefore it is recommended to increase manning
coefficient at floodplain for effective flood risk
management.
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