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Abstract 

The Lhasi Nadi is a tributary of the Andheri River, which is a tributary in the Chambal River basin, India. A specific 
part of the Lhasi catchment faces the risk of being flooded and this, in turn, restricts any industrial or residential 
development in the area. The present paper concerns with a study which aims to model the hydrodynamic transport 
of flood runoff in Lhasi and simulate, through numerical modeling, the maximum anticipated flood water levels that 
are likely to be realized at various locations along the course of river Lhasi corresponding to some identified 
extreme rainfall events having specified return periods. The study also aims at finding the specific reason for the 
occurrence of floods in the region and the possible measure to be taken so that there are no severe flood events in the 
coming future. The study proposes to use observed and indirect estimates of water levels at the Lhasi Railway 
Bridge site (a nearby location) following the flood event of July, 2000 as a benchmark for reference. In the process 
of study ArcGIS, SWAT (Soil and Water Assessment Tool) and MIKE (DHI) software packages have been used for 
the study. To understand the impact of bed geometry of Lhasi and flows in Andheri on the water surface profiles as 
they develop in Lhasi, hydrodynamic simulations of water surface profiles were derived for various flow scenarios 
and concluded in suggesting site specific preventive measures for the annual floods. 
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1. Introduction 

Hydrodynamic modeling has proven to be an economically sound and ecologically safe method for planning 
water resources development. Looking at the several advantages, both 1D and 2D modeling are done for different 
river systems, depending on the specific requirement of the study (Lin et al. 2006; Villazòn and Willems, 2009; 
Kadam and Sen, 2012). The Lhasi Nadi is a small tributary of the Andheri River, which in turn joins the Parvati 
River of the Chambal River system. The Lhasi Nadi lies in the state of Rajasthan and has a length of nearly 53km 
passing through the district of Baran. The river Andheri has its origin from the Guna district in Madhya Pradesh and 
merges into the Parvati River. Fig. 1(a) shows the two river basins of Lhasi and Andheri and the drainage network. 

A thermal power plant was proposed to be constructed at a site which lies in the inundation plain of river Lhasi. 
Therefore, the problem statement was how to prevent the area from being flooded in the monsoons. The stream is a 
non-perennial one but its floodplain during the rainy season covers a huge area. The site lies just downstream of the 
point where the river is crossed by a bridge which carries the railway line.  

Flood can be a serious problem for the thermal plant. Hence some solution had to be found for the problem. 
Protection from floods is generally provided by structural measures such as a reservoir, levees or a combination of 
both. It is wise to find a suitable measure for flood mitigation through modeling. Topographic data forms the basic 
requirement for hydrodynamic flood modeling. For this study Digital Elevation Model (DEM) received from 
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) (Reuter et al. 2009) was used. The 
ASTER DEM has a spatial resolution of 30 meters. Fig. 1(b) shows the ASTER based DEM of the study basin. 

A dam was proposed on the Lhasi Nadi so that the flow in the river can be regulated as well as stored. This paper 
illustrates the hydrologic and hydrodynamic model setup of the rivers Lhasi and Andheri which served as a 
prerequirement for the design of the thermal power plant. 

 

a  b  

Fig. 1. (a) Catchment delineation of Andheri River and its tributary stream Lhasi Nadi; (b) Topography of the study region (ASTER DEM) 

The first part of the study was analysis of available rainfall data, the second was simulating the runoff using 
hydrologic model SWAT and the third part was 1-dimensional hydraulic modeling using MIKE 11. 
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2. Analysing the Rainfall Data 

Daily India Meteorological Department (IMD) gridded rainfall data 1° x 1° for the period 1951 to 2004 
(Rajeevan et al. 2006) was analyzed for the basin area. Annual Maximum 1-day, 2-days, 3-days, 4-days and 5-days 
rainfall series was derived from the time series and investigated for magnitude vs exceedance probability 
relationship using standard hydrologic frequency analysis techniques. The extreme recorded rainfall values for 
durations ranging from 1-day upto a maximum of 5-days are presented in Table 1 along with the dates on which 
these extreme events occurred.  

Table 1. Gridded maximum 1-day to 5-days rainfall values 

RAINFALL DURATION RAINFALL (MM) DATES 
MAX 1-Day 230.9 21ST JULY, 2000 
MAX 2-Days 302.5 20TH-21ST JULY, 2000 
MAX 3-Days 351.7 8TH – 10TH AUGUST, 1985 
MAX 4-Days 415.5 28TH – 31ST DECEMBER, 2001 
MAX 5-Days 495.2 27TH – 31ST DECEMBER, 2001 

 
The series of Annual Maximum rainfall depths for the selected durations was investigated for possible presence 

of outliers that do not share observed characteristics of the rest of the rainfall values. The investigation did not reveal 
presence of these outliers in the data available for study. Following the screening study of the annual maximum 
rainfall, a detailed frequency analysis of the rainfall series was carried out by fitting various statistical distributions. 
The annual maximum 1-day series is plotted in Fig. 2.  

  

 

Fig. 2. Annual 1-day maximum precipitation series for the Lhasi catchment 

The study essentially establishes that the recorded extreme rainfall events of durations ranging from 1 day to 5 
days have a return period of around 50 years and share similar characteristics as the rest of the data. Analysis shows 
that the statistical properties of the data are explained in adequate detail by Log Normal and PT-III distributions and 
to a somewhat lesser degree by GEV distribution. 

Additionally, based on the examination of gridded rainfall data, critical periods were identified for detailed 
scrutiny. These periods correspond to periods when maximum 1-Day, maximum 2-Day, maximum 3-Day, 
maximum 4-Day and maximum 5-Day rainfalls have been recorded. These critical periods are given hereunder as 
follows: 

Critical Period 1:  1st June, 2000 to 31st October, 2000 
Critical period 2:  1st June, 2001 to 31st December, 2001 
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3. Rainfall-runoff model using SWAT 

The second part of the study consisted of the rainfall-runoff transformation which was possible through the 
ArcSWAT interface. The SWAT model (Arnold et al. 1998) is a long-term, continuous model for watershed 
simulation. It operates on a daily time step and is designed to predict the impact of management on water, sediment, 
and agricultural chemical yields in the stream. The model is physically based, computationally efficient, and capable 
of simulating a high level of spatial details by allowing the watershed to be divided into a large number of sub-
watersheds. The model is one of the most popular globally used and accepted models and has been validated for 
several watersheds in India and abroad. 

3.1. Data Requirement for Modelling  

The data required for modeling the basin includes both (i) spatial data; as well as (ii) dynamic data. 

3.1.1. Spatial Data  
Spatial data required for the study area include:  

 Digital Elevation Model 
 Soil maps and associated soil characteristics (source: FAO Global soil)  
 Land use (source: Global landuse)  

3.1.2. Dynamic Data  
The hydro-meteorological data pertaining to the river basin is required for modeling the catchment which has 

been taken from the IMD. In the absence of other daily weather data on solar radiation, wind speed and relative 
humidity, long term statistics have been used to generate these weather parameters. 

3.2. SWAT Results for some selected sites on Lhasi and Andheri 

Daily runoff at various locations on the rivers Lhasi and Andheri was simulated for a 35-year period from 1st 
January, 1970 to 31st December, 2004. Fig. 3 (a) and (b) present a plot of the derived runoff simulations for the two 
rivers for the period 1st June, 2000 to 31st October, 2000 and for the period 1st June, 2001 to 31st December, 2001. 
These simulated flows have been used in the hydrodynamic study for which results are presented in the text that 
follows.  

 

a  b  

Fig. 3. SWAT model results for the period (a) 1st June, 2000 to 31st October, 2000; (b) 1st June, 2001 to 31st December, 2001 

4. MIKE Model for hydrodynamic modeling 

The third part of the study consisted of hydrodynamic modeling and simulation of water surface profiles in Lhasi 
and Andheri rivers for the two critical periods using MIKE 11 software of the Danish Hydraulic Institute (DHI, 
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2009). The comparison of the cross-sections extracted from the ASTER DEM with the surveyed ones revealed a 
discrepancy of 6.1m in the invert levels at a reference cross section just downstream of the Railway Bridge. 
Appropriately, the DEM derived levels were raised uniformly by 6.1m in order to match the levels with those 
received from the surveyed data.  

As a first step, the modeling parameters were tuned to recreate the scenario observed during past extreme rainfall 
events (identified above as critical period) that resulted in water profile in the river at the Railway Bridge crossing 
attaining a level of over 312.5m.  For this purpose, the simulated time series of daily runoff, as derived for a total of 
35 years at sites distributed across Lhasi and Andheri sub-basins, were used as input. Fig. 4 and 5 show the 
longitudinal view of maximum water levels simulated after model calibration for the years 2000 and 2001 
respectively. In these figures, the x-axis shows the chainage in meters, starting with the value 10,000 m and ending 
around 16,600 m. The stretch from 10,000 to 14,300 m shows the stretch of 4,300 meters of the Lhasi reach before 
its joining the river Andheri. Whereas from chainage 14,300 to 16,600 m, next 2,300 meters) it is the portion of 
Andheri reach from confluence of Lhasi to its merging with river Parvati. The zero of the x-axis lies at an upstream 
point along the river Lhasi located at the Lhasi Dam. 

 

 

Fig. 4. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2000 to 31st October, 2000) 

 

Fig. 5. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2001 to 31st December, 2001) 

Further scrutiny of results, as seen from Fig. 4 and 5, indicate the following: 

 The bed profile of Lhasi dips below the bed level of Andheri just upstream of the site of confluence thereby 
suggesting a possible enhanced impedance to transport of flood runoff from Lhasi to Andheri. 

 From the depicted water surface profiles, the water surface slope just upstream of the point of confluence is 
conspicuously lower suggesting possible backwater effects. 

In order to investigate the possible effect of the typically concave nature of the bed profile of river Lhasi 
upstream of its confluence with Andheri, hydrodynamic simulation of water surface profiles was repeated for the 
adopted critical period extreme rainfall events under the assumption of a modified Lhasi bed profile for a distance of 
approximately 850m upto its confluence with Andheri. The simulated water surface profiles are presented below in 
Fig. 6 and 7.  
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Fig. 6. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2000 to 31st October, 2000) 

 

Fig. 7. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2001 to 31st December, 2001) 

Examination of Fig. 6 and 7 reveal that the maximum water levels, as simulated by the hydrodynamic model for 
the scenario based on an assumed raised bed profile, are lower by almost 0.5m as compared with the simulations 
based on the bed profile as is it exists (i.e. without any intervention/alteration). 

 
As a next step, the role of a possible enhancement in the conveyance of the reach of river Lhasi was also 

investigated. The strategy adopted for this purpose comprises of the following interventions: 
(i) Adopt the raised bed profile as in the previous scenario. 
(ii) Train the reach of Lhasi for a distance of 850m to a maximum width of 100m for the portion. 

The results of the hydrodynamic simulation of water surface profiles for scenario based on this intervention is 
presented below in Fig. 8 and 9. The shape of the trained cross-sections is trapezoidal having a base of nearly 60 
meters. One of the trained cross sections is shown in Fig. 10. 
 

 

Fig. 8. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2000 to 31st October, 2000) 
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Fig. 9. Hydrodynamic simulation of maximum water levels in river Lhasi (simulation period from 1st June, 2001 to 31st December, 2001) 

Results presented in Fig. 8 and 9 show remarkable improvement in terms of the impact that the proposed 
intervention has on the water surface profile. It is seen that the maximum water levels that result in response to both 
the adopted extreme rainfall events are restricted to less than 310m. 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 

 

Fig. 10. Proposed modification in river cross section at location near the flood risk area (a) before modification (b) after modification 

After making the two changes in the river morphology, a few additional scenarios of flow simulations were done 
in order to verify the highest flood levels possible in the vulnerable parts of the study area.  

5. Conclusion 

A one-dimensional hydrodynamic model was developed for the rivers Lhasi and Andheri with the help of the 
state-of-the-art MIKE 11 software package. The model was validated for the year 2000 with little amount of 
available input data. The maximum water level of 312.5 was mimicked in the model as per the ground reality, and 
the same model was used as a starting point for the flood mitigation study. The raising of the Lhasi riverbed, as a 
hypothetical scenario, led to a drop, in the simulated water level, of 0.5 meter at the reference site near the railway 
bridge. Further reduction of 2 meters in the water level was achieved with river training or smoothening of the bed 
with bed levels raised. The complete study helped in easily finding a way to the flood issue. Such modeling study 
can prove extremely beneficial for many more cases, involving various degrees of complexity and levels of 
importance. The coupled use of the SWAT hydrologic model and the MIKE 11 hydrodynamic model was helpful in 
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finding that training the river for a length of less than one kilometre would change the bed morphology in such a 
way that would help in mitigating the flood risk level of the zone. 
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