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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 m3/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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I.  INTRODUCTION 

About half of the natural disaster in the world is originated 
from the flooding problem (Vos et al., 2010; Guha-Sapir 
et al., 2004; Jonkman and Kelman, 2005). Beside this, 
population growth, unplanned flood plain development, 
rapid and unplanned urbanization increases flood risk  
across the globe (De Moel et al., 2011; and Taylor et al., 
2013). Investigation of inundation pattern, before 
development of an area is worth to reduce flood risk of 
that area. The Overland Flow (2D) module of SOBEK- 
 
 
 

 
Rural (Deltares Systems, 2014) is designed to calculate 
2D flooding scenarios. The module is fully integrated with 
the 1D-FLOW module for accurate flooding simulation. 
The hydrodynamic simulation engine underneath is based 
upon the complete Saint Venant Equations (Feng et al., 
2006; Xu et al., 2012). It can simulate steep fronts, 
wetting and drying processes and sub critical (Kesserwani 
et al., 2008) and supercritical flow (Mustaffa et al., 2013). 
In addition the experience of this model is used to flood 
risk management for real life problem. 
 

II.  PROBLEM  DESCRIPTION 
It is shown in Fig. 1 the map of the 1D/2D network from 
Dordrecht, The Netherlands. The river flows from South 
East to North West is connected to the inundation area (2D 
grid) by a flood relief channel, which is controlled by a 
weir.  Fig. 2 shows detail of flood relief channel. 

 
 

Fig. 1. 1D/2D network and four compartments of the 
inundation area 

C1 C2 

C3 C4 
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Fig 2: A detail of the flood relief channel and weir 
The inundation area is a polder (Bouwer et al., 2010; van 
Manen and Brinkhuis, 2005)  that is divided in different 
compartments C1, C2, C3 and C4. The controlled 
inundation of the polder can be necessary in order to 
prevent dikes (Stanczak and Oumeraci, 2011; Vorogushyn 
et al., 2011) from breaking at some other point in the 
channel, causing economic damage and possibly loss of 
human lives (Jonkman et al., 2009). Hence, the “cost” of 
this flood relief structure is the inundation of the polder, 
while the “benefit” is the reduction of the downstream river 
discharge. It is recommended to keep compartment C4 free 
from flood water and preferably C2 and C3 less flood 
water. 

III.  METHODOLOGY 
SOBEK-Rural is developed by Deltares (Deltares 
Systems, 2014) is capable for modelling irrigation & 
drainage systems, natural streams in lowlands and hilly 
areas. Applications are typically related to optimizing 
flood control, irrigation, canal automation, reservoir 
operation, agricultural production, and water quality 
control. SOBEK-Rural can also answer questions about 
increased pollution loads in response to growing 
urbanisation.  
SOBEK-Rural offers the support If needed for effective 
planning, design and operation of new and existing water 
systems. The software calculates the flow in simple or 
complex channel networks. It is possible to define all 
types of boundary conditions (Prange and Gerdes, 2006; 
Prario et al., 2011), as well as define lateral inflow and 
outflow using time series or standard formula. For more 
detail, the rainfall run-off process of urban areas and 
various types of unpaved areas can be modelled, taking 
into account land use, the unsaturated zone, groundwater, 

capillary rise and the interaction with water levels in open 
channels.  
Base model was developed with available hydrologic & 
hydrodynamic data, DEM of study area, and necessary 
field data. After developing the base model, model was 
run for different scenario. Model output and necessary 
Fig.s area describe in following sections.  
 

IV.  RESULT AND DISCUSSION 
Fig. 3 shows the hydrograph at upstream, middle section 
and downstream at base scenario with weir width of 12 m. 
The discharge at downstream section was found about 
300 m3/sec.  

 
Fig. 3: Hydrograph at upstream, middle section and 
downstream at base scenario with weir width 12 m 
Fig. 4 shows, inundation depth in compartment C1. Fig. 5 
shows the inundation area for base scenario with weir 
width 12 m. It was found that only compartment C1 was 
inundated.  

 
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 where 
the inundation was confined within only compartment C1. 
At different model run, it shows when weir width was 
increased the depth of inundation was also increased in 
compartment C1 and on the other hand the peak discharge 
was decreased at downstream. At optimum condition with 
weir width 17.5 m the peak discharge at downstream was 
found about 274 m3/sec whether at base scenario it was 
about 300 m3/sec.   
To find the optimum solution, a historical node at south 
west corner of compartment C1 was placed. By which it 
was possible to check the depth of inundation at every 
model run with increasing width of weir. At weir width 
17.5m, it was found the depth of flood water is about 0.95 
m. The height of ring dike is 1.0 m so it is recommended 
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 into the 
compartment C2 and C3. The model was iteratively run 
until found water on dike. Until weir width 25m, we did 
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 this case 
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 251 m3/sec 
while it was reduced 49 m3/sec from base scenario.  

 
 Fig. 6: Inundated area with weir width 25 m 

 

 

Fig. 7: Inundated area with weir width 26 m 
Fig. 8 shows water depth with weir width 25m. Fig. 8 
shows depth of water 1.1m, 0.1m and 0.1m respectively.  

 
Fig. 8: Inundation depth at different compartment with 

weir width 25 m 
Model output shows that there is no significant change in 
downstream hydrograph while 2D grid flood plain's 
Manning coefficient(Anderson et al., 2006; Ayvaz, 2013; 

Water found on 
ring dike with 
weir width 26m 
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Noarayanan et al., 2012) changes to 0.06, 0.09 and 0.12 
from the base case 0.03. At every case the peak discharge 
was found about 292 m3/sec. But the total discharge at 
downstream might be increased for back water effect due 
to increasing of manning co-efficient at flood plain. 
Fig. 9 and 10 Shows that the lag time (Talei and Chua, 
2012) of increasing water depth is significantly changes 
with manning co-efficient of flood plain. From Fig. 9 it is 
shown the lag time of increasing depth of water is about 
2hrs and 30 minutes for manning co-efficient 0.03 but for 
manning co-efficient 0.06 it is about 3 hrs and 30 minutes 
which shown in Fig. 10. From these two figures it is clear 
that the time difference for increasing water depth is 
about an hour. It is very important for flood risk 
management specially for evacuation during emergency 
period. 

 
 

Fig. 9: Water depth at historical node 1 with manning co-
efficient 0.03 

 
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-efficient of 
flood plain. It was shown that the depth of water at 4.00 
AM is about 0.5 m for manning co-efficient 0.03 whether 

at the same time these depth are 0.35m and 0.22m for 
manning co-efficient 0.09 and 0.12 respectively. This is 
also very important for flood risk management. 
 
Flood damage is extensively varies with flow velocity as 
well. Fig. 11 and 12 shows that the peak flow velocity 
was considerably varied with flood plain manning co-
efficient. Fig. 11 shows the peak absolute flow velocity 
was 0.24 m/sec for manning coefficient 0.03 whether it 
was 0.15m/sec for the manning co-efficient 0.06 (Fig. 12) 
and continue decreasing with increasing of manning co-
efficient.   

 
Fig. 11: Water velocity at historical node 1 with manning 

co-efficient 0.03 

 
Fig. 12: Water velocity at historical node 1 with manning 

co-efficient 0.06 
Fig. 7 and 13 shows the inundation area with different 
manning co-efficient.  Fig. 13 shows some areas were still 
dry and less depth of water at compartment C2 and C3 
due to higher manning co-efficient at flood plain though 
the width of weir is same compare to Fig. 7.  
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Fig. 13: Inundation area with weir width 26 m and 

manning co-efficient 0.12 
 

V. CONCLUSION 
The paper presents diversion of flood water and 
inundation pattern of a polder with varying weir crest 
width and manning co-efficient. Base model simulation 
result shows, downstream discharge 300 m3/sec and 
inundation depth 0.75m with diversion channel crest 
width 12 m. The height of ring dike across compartment 
C1 is 1.00 m. The model was iterating until water depth 
was safe for the ring dike. Final, simulation result shows 
optimum width of weir 17.5m where the inundation was 
confined 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 25 m. However, water 
was found on the western side dike of compartment C4 
with weir width 26m and water may overtop into C4. To 
keep completely free from flood water it is recommended 
to use maximum weir width 25m. Downstream maximum 
discharge was found 251 m3/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 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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