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Abstract. The Vellar is a seasonal river and is one of the seventeen river
basins of Tamil Nadu (11° 13’ N, 790 47’ E). The river has a length of 150km.
It originates on the southern slope of Kalvarayan hills in Salem Dist. and
drains into Bay of Bengal. Rainfall increases towards the east and the lower
Vellar sub-basin receives more rainfall compared with upper reach. There are 5
reservoirs in the basin. The river has a meandering tendency in the lower reach
for a length of 30km resulting in heavy erosions of agriculture lands because of
high discharge during north east monsoon. Initial field surveys were conducted
for actual field information. Based on the field data and desk studies
meandering tendency was identified. HECRAS-1D model run was performed
with existing conditions and the existing issues were assessed. Based on the
study, it was proposed to install series of repelling spurs. Mike 21 numerical
model was adopted initially to finalize remedial measures. Based on the model,
results two short spurs and strengthening of bund are proposed. Physical model
studies were done to verify the effect of repelling spurs and the study indicates
accretion in between the spurs. The project was completed in 2013 which
includes river bank strengthening and spurs construction. Post monitoring of
the project was also done with field measurements and satellite imageries. The
improvement of agriculture along adjacent area and deposition of sediments
along the bund was visible. The details of studies with post project
observations are furnished.
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1 Introduction

The river Vellar rises in the reserve forest area of Salem in Tamil Nadu. And travel
along 150km and finally confluence with Bay of Bengal near Port Nova, Cuddalore.
The river comprises of basin area of 7520km? and located between 78°13°’N-79%47°N
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and 11°13°N -12°00°N. The river basin comprises of 6 tributaries. It travels along
Dharmapuri, Salem, Namakkal, Tiruchy, Perambulur, Ariyalur, Villupuram and
Cuddalore districts (Figl). There are 5 reservoirs along the river covering irrigation
to the tune of 183.84Km’. In the lower reaches of river for 60km in Cuddalore
district the river undergoes meandering in various reaches and infrastructures and
agricultural location are under heavy threat of erosion. Karumangudi (11.466101°N,
79.334896°E) is one such village. The present study area received 483mm of rainfall
in one day during north east monsoon, 2005.Karumangudi has undergone heavy
erosion due to heavy floods generated during north east monsoon floods 2005.The
details of studies, remedial measures and post project benefits are detailed.
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. Fig. 1. Location of study area

2 Literature review

River engineering issues include flooding, deposition and erosion, impacts on habitat
and agriculture lands. The issue is addressed by proper field survey, modeling and
design of remedial measures. The effects are well documented by Brice (1964) and
are explained in detail by Ahmed and Fawzi (2011) and Kumar et al (2016). The
design measures are as per Central Board of Irrigation and Power (CBIP 1987)
approach. Preliminary hydraulic performance can be assessed by HECRAS (2008)
one dimensional model and effect of eddy is assessed by Mike 21(2008) two
dimensional model.

3 Methodology

The task involved is as below
e Reconnaissance survey
e  Desk studies
e Hydrological analyses
e  Hydraulic modeling
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e Post project impact

4 Reconnaissance survey

The river Vellar is seasonal and flow only during north east monsoon. The upper
reaches receive rainfall in south west and lower reaches during north east monsoon
seasons. The annual rainfall pattern varies from 848mm in the upper basin to
1177mm in the lower basin adopted. The site Karumangudi which has undergone
erosion is on the left bank and the maximum discharge was 6116m’/s. The bank
suffered heavy erosion resulting loss of agriculture and road infrastructure (Fig 2).

5 Desk studies

This includes studying satellite imageries over a period of time. The orientation of
left bank and erosion were assessed. It was found that about 100m of erosion has
taken place (Fig 3 &4). Piling of sand was observed along some reaches along right
bank. (Nearly 0.11km” (11Hec) land was eroded.

Fig 2. Damages in field
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River Course 1985

Fig 3. Migration of river

Fig 4. Location sand deposition
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6 Hydrological analyses

The river flows only during monsoon season rainfall and not a perennial one. The
basin is more influenced by north east monsoon rainfall. The flow data from 1980-
2012 were analysed in decade wise pattern. The decades are 1980-1990, 1991-2000
and 2001-2012 respectively. The findings indicate an increase in the maximum value
of discharge (Fig 5) The maximum one-day discharge was1947 m’/s (68762 ft'/s)
,2335m’/s (82475 ft'/s) and 2985m’/s (105423 ft*/s). The location is influenced by
monsoon climate. It experiences two monsoons namely south west monsoon (SW)
from June to September and north east monsoon (NE) from October to December.
The period from January to May is non monsoon (NM). The annual rainfall varied
from 1050mm-1400mm. The contribution from SW and NE monsoon rainfall is 31%
and 60%. The analyses of rainfall pattern indicate high contribution of NE monsoon
rainfall in all years. The annual rainfall is also plotted against average annual (Avg
Ann) value of site (fig 6).
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Fig 5 Analyses of peak flow
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Fig 6 Rainfall analyses

Meandering plays a leading role in shaping flood plain, agriculture and bank
geometry (Fig 7). The effects of meandering were presented in details by Brice
(1964) and are explained in detail by Ahmed and Fawzi (2011) and Kumar et al
(2016). Based on the studies it was assessed that Sinuosity is a basic parameter in
meandering essentially measuring the wiggliness of river. Sinuosity index is the ratio
of length of channel and meander length. Based on its value, the river is classified as
straight if less than 1.05, sinous for the values 1.05-1.50 and meandering if greater
than 1.50. The other parameters based on Fahmy and Hekal (2021) are curvature(c),
water flow length (L), wave length (L), amplitude (A) and radius of curvature (Rc).
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Fig 7. Meandering parameters
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7 Hydraulic modeling

Prior to planning of any hydraulic structure, it is important to identify existing
hydraulic conditions. The hydraulic performance of the existing river sections was
studied after initial field survey. The U.S. Army Corps of Engineers’ River Analysis
System (HEC-RAS) software was adopted for analyzing the existing pre project
conditions. It is 1D model. Steady state simulations for various discharges were done.
In HEC-RAS steady during state simulation, water surface profiles are computed
from one cross-section to the next by solving the standard step iterative procedure to
solve the energy equation. The energy equation is intended to calculate water surface
profiles for steady gradually varied flow. The input consists of river reach, cross
sections, Roughness coefficient, discharge and boundary conditions. The output is in
the form of velocity and profile elevation. A total number of 61 cross sections
covering a reach length of 1575m were given as one of the inputs. The field observed
discharges indicate a maximum value of 2985m’/s. Hence maximum value of
3000m*/s was adopted. The discharge values adopted are

500 m3/s, 700 m3/s, 1300 m*/s and 3000 m’/s. During the numerical model trials
overflowing of branches were observed and it is found that existing bank elevation is
not sufficient (Fig 8).
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Fig 8. Water surface profiles for different discharges
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Two-dimensional model studies will result information on distribution of velocity
contour. According to Danish Hydraulic Institute (DHI 2001) MIKE 21 was adopted.
The module Mike21 HD is the fundamental computational hydrodynamic module of
the MIKE 21 system. The model is based on the numerical solution of the two-
dimensional incompressible Reynolds averaged Navier-Stokes equations. It consists
of continuity, momentum, temperature, salinity, and density equations and is closed
by a turbulent closure scheme. MIKE 21 HD is a versatile model that can be applied
to a wide range of hydraulic and related phenomena, including modelling of tidal
hydraulics, wind and wave generated currents, storm surges, and flood waves. It is a
general hydraulic model that can be easily set up to describe specific hydraulic
phenomena. The model studies were performed for the existing conditions prior to
remedial measures and to identify locations where protection measures are to be
done. The input to the model is as basic parameters which include hydrographic
survey details, simulation period, boundary conditions. The input of hydrodynamic
component includes initial surface elevation, flow at boundary, Mannings number.
As per the design requirement, the flood value of 25 years return period is
3567.889m3/s was adopted. Repelling spurs of 2 numbers were proposed. The
length and spacing of spur as per river engineering technical report CBIP (1971,
1987) adopted. The criteria for spacing were 3 to 6 times length of spur and angle
designed was in the range of 60° to 80° with normal to the bank. The results include
flux, elevation and velocity distribution. The initial run for existing field conditions
indicates eddy formation on the bank. Two spurs were proposed that has resulted in
reduction of eddy formation (Figs 9 &10). The maximum discharge adopted was
3567.889m’/s with a freeboard of 3m.
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Fig 9. Mike 21 hydrodynamic model without spur
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Fig 10. Mike 21 hydrodynamic model with spur

The proposal of providing two numbers of spurs was tentatively arrived based on
numerical model studies. In order to confirm the proposal 3D physical model studies
were done. A comprehensive mobile bed, distorted model was constructed. The
horizontal and vertical scale was 1 in 500 and 1 in 100 respectively. The effective
size of sediment (Dsy) was 0. 6mm.The bank and spur were modelled as rigid one.
Since the model involves the study of bed material movement, scaling of mobile bed
was done. Based on discharge, existing effective sediment size, model scale and
shield stress criteria the bed material of model was arrived. Spur was modelled using
teakwood. Mobile bed was moulded with particle size of 0.60mm which was found
based on Shield stress (z+,) criteria (Eqnl).

Ticg = Tg/ (ps' P) g *D (D

1, —Shear stress at bed level
ps. p —Densities of sediment and fluid
D- Diameter of particle

Model trial runs were performed for the discharge corresponding to 3567.889m’/s
and 50% of this (Figs 11 &12). The observations indicate reduction in velocity on
left concave bank and reduction in velocity in between spurs. This has resulted in
deposition of sand. Shoals formed on the right side of bank got reduced. The nose of
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spur undergoes erosion due to eddy formation and hence it should be designed for
sufficient scour depth.

Fig 11. View of model

Fig 12. Running model

8 Post project impact

Based on the studies two repelling spurs were designed and bund reach was
strengthened with rivetments (Fig 13). The existing bund on both side of river was
proposed for a freeboard of 3m. The project of spur construction was completed by
2013. The success of any study proposal is its performance in the field. Satellite
imageries were studied for pre and post project impact. The reach itself was found to
be shifting upward by about 100m due to meandering. The erosion of bank by about
50m was found resulting in loss of agriculture land. Hence bank on left side of river
was strengthened by constructing retaining wall and two spurs. The length of spur
adopted was 30m with an angle of 20° with normal to bank. Accretion of about 20m
was observed along the old eroded bank in between spur with good farming on
adjacent land (Fig 14&15).
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9 Conclusions

The agricultural village of Karumangudi along Vellar River in Cuddalore district was
under heavy threat of erosion due to meandering of river. Detailed field observations,
desk studies, modelling (numerical and physical model) and existing analyses of
issues in river were carried out. Based on the findings of studies, two repelling spurs
of length 30m each with a distance of 160m in between was proposed and
constructed. Apart from this the bund was strengthened with revetments. Project was
completed by 2013.Post observations in the form of field monitoring and satellite
imageries indicate that they were found to be satisfactorily functioning. The
agricultural activities are in good progress at present. The safety of adjacent
agricultural lands and sand formation between spur reflect the satisfactory success of
project.
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