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ABSTRACT 
 

An understanding of quality and quantity of sediment deposits in reservoir is necessary for 
effective reservoir and basin management. Sedimentation affects both the useful life and 
aesthetic quality of a reservoir. The conventional methods of sediment assessment are laborious, 
costly, time consuming and require experienced manpower and sophisticated instruments. The 
digital image processing technique of remotely sensed data is easy, less costly and  subjective of 
minimum human errors can be used for routine assessment of sedimentation in reservoirs. In the 
present paper, an attempt has been made to estimate the revised capacity of Ravishankar Sagar 
reservoir on river Mahanadi in Chhattisgarh (India). The catchment area of reservoir up to dam 
side is 3670 Sq. km. The designed gross and live storage of the reservoir are 909.32 MCM and 
766.32 MCM respectively. To cover the whole range of live storage, ten scenes of LISS III 
(IRS-1D) have been selected and normalized deviation water index (NDWI) and slicing have 
been used to identify the water pixels. The revised water spread areas determined fron digital 
image processing have been used to estimate revised capacity at different levels. From the 
analysis of the results, it has been observed that 45.93 M. cum of gross storage and 31.00 M. 
cum. of live storage have been lost in last 24 years (1979 to 2003). If the rate of sedimentation in 
the reservoir is assumed as constant over the period of 24 years, the rate of silting may come out 
as 1.91 M. cum/year or 191 ha-m/year. 

Key Words : Sedimentation, Water spread, Digital image processing, Normalised 
difference water index (NDWI), Slicing, Cumulative capacity. 

 
INTRODUCTION 

Erosion and sedimentation process affect 
the management of catchment, river system and 
reservoir. They are increasingly important 
factors on all part of the world because of their 
often conflicting socio-economic and 

environmental impacts. The life of a reservoir 
starts reducing soon after its commissioning 
due to continuous deposition of water-born 
sediments eroded/washed from all parts of 
watershed. A broad estimate of soil erosion in 
India showed that about 5334 million tones of 
soil is being lost every year, which means, soil 
erosion is taking place at the rate of 16.35 * Author for correspondence 
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tones/hectare/year1, which is more than the 
permissible soil loss tolerance value of 4.5 - 
11.2 tones/hectare/year2. As a result, it is 
widely viewed that, nearly 20 % of the live 
storage capacity of our major and medium 
sized reservoirs have been silted up by the end 
of the year 2000, which means a loss of 
irrigation potential of about 60,000 hectare 
every year due to silting. An analysis of 
sedimentation survey reported by Narmada 
Valley Development Authority3, in respect of 
43 reservoirs in India indicates that the 
sedimentation rate varies between 0.3 to 27.85 
ha-m/100 sq. km/year.  

Conventional method of reservoir 

sedimentation survey has been in practice for 

quite long time in India and elsewhere. 

However, because of inherent problems 

involved in conventional surveying and 

subsequent data analysis, frequency of capacity 

loss assessment in reservoir has been seen to be 

very limited in the past. Data from space 

platforms can play a significant role in 

reservoir capacity estimation surveys. In the 

recent past, Satellite Remote Sensing has 

emerged as an important tool in carrying out 

reservoir capacity surveys rapidly, frequently 

and economically. 

The ability to map and estimate water 

spread from satellite data is well understood, 

and different techniques such as visual 

interpretation of satellite imagery, density 

slicing, and digital classification of water 

bodies have been employed for the delineation 

of water bodies4-6. Hanumantha Rao et. al.7 

adopted visual interpretation of enlarged MSS 

images to estimate the water spread at eight 

different levels of the Sriramsagar reservoir. 

Suvit et. al. 8 used digital techniques in which 

density slicing of Landsat MSS near-IR (0.8- 

1.1 µm) data were used to extract the water 

spreads of the Ubolratana Reservoir of five 

different dates. White9 examined a variety of 

measuring techniques for determining reservoir 

surface areas extracted from Landsat MSS 

near-IR imageries of different scales and 

compared their accuracy with field data. He 

concluded that none of the measuring 

techniques used was able to measure the 

reservoir water spread with consistent accuracy 

and no reason was attributed. Mangond et.al.10 

employed digital classification techniques to 

estimate the water spread of the Malaprabha 

reservoir on March 02, 1973 using Landsat 

MSS data and reported a discrepancy of 8.29 % 

from the actual water spread. This discrepancy 

was attributed to the probable misclassification 

of boundary pixels.  

Study area  

The Ravishankar Sagar dam is a major 
multi purpose reservoir situated on river 
Mahanadi in Dhamtari district of Chhattisgarh 
state. The Ravishankar Sagar reservoir project 
was designed with the following objectives: 

• Supplying annually 61 mm3 water to 
municipal requirements of Dhamtari 
and Raipur 

• Converting existing ‘Protective’ 
Irrigation of Kharif paddy in about 
1,82,500 hectare to ‘Productive’ 
irrigation by providing timely, reliable 
and equitable supply of water of the 
land to boost present per hectare Yield 
of 1.4 tonnes to about 3 tonnes. 

• Expanding irrigation in new area of 1, 
56,500 hectare.  
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• Increasing irrigation intensity in the 

CCA for present 72% to 100% in 

Kharif and 1% to 35% in Rabi season 

with additional agricultural production 

of 11.95 tonnes. 

• Generating farm and non-farm 

employment to about 1, 80,000 

persons.  

The Ravishankar Sagar dam is an earthen 

dam with non-over flow masonry dam 

accommodating the head regulator of 

Mahanadi feeder canal and four penstocks of 

the powerhouse. The catchment area of river 

Mahanadi up to dam site is 3670 Sq. km. The 

length of main earth dam, masonry dam 

including spillway and non- over flow blocks 

and rock-fill dam is 1246 m, 454 m and 130 m 

respectively. The designed gross and live 

storage capacity of the reservoir are 909.32 

MCM and 766.32 MCM respectively. The 

spillway comprising of 14 radial gates of 15 m. 

x 10 m. with common bonded anchorages to 

release flood discharge of 18,000 cumecs 

corresponding to peak inflow of 23,500 

cumecs. The base map of the study area has 

been presented in Fig 1. 

Data used  

The Dead Storage Level (D.S.L.) and the 

Full Supply Level (F.S.L.) of the Ravishankar 

Sagar reservoir are 336.21 m. and 348.70 m 

respectively. The LISS III data of IRS 1D (Path  

58, Row 102) of ten different dates have 
selected for the analysis. The satellite data used 
in the analysis has been given in the Table 1. 
The original elevation-area-capacity curve/table 
and the reservoir level of year 2001 to 2003 
have also been used in the analysis.  

 

Fig. 1 : Base map of Ravishankar Sagar Reservoir. 
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Table 1 : Satellite data used for estimation of water spread area 

S.No. Date of Pass Elevation (meters) Satellite Sensor 

1 23-May-01 337.59 IRS 1-D LISS-3 

2 30-Apr-01 338.16 IRS 1-D LISS-3 

3 06-Dec-03 339.55 IRS 1-D LISS-3 

4 18-May-03 340.65 IRS 1-D LISS-3 

5 29-Mar-03 341.46 IRS 1-D LISS-3 

6 30-Oct-02 342.83 IRS 1-D LISS-3 

7 8-May-02 344.62 IRS 1-D LISS-3 

8 13-Apr-02 345.32 IRS 1-D LISS-3 

9 09-Dec-01 346.41 IRS 1-D LISS-3 

10 09-Nov-03 348.72 IRS 1-D LISS-3 

 
MATERIAL AND METHODS 
The basic principal of revised capacity 

estimation using remote sensing and GIS is that 
when the sedimentation occurred in a reservoir 
its water spread reduced with respect to its 
original area before impoundment. The IRS 
1D, LISS III data of ten different dates have 
been obtained and digital image analysis have 
been carried out in ILWIS 3.0 GIS software. 
All the images have been geo-referenced with 
the help of Survey of India toposheets so that 
they can be overlaid and linked with the 
latitude and longitude and the geographical 
area also can be determined directly in sq. m.  
After geo-referencing, all the images have been 
cut down to small sizes to cover the water 
spread area of the reservoir and its 
surroundings. 

In the visible region of the spectrum (0.4 - 
0.7 µm), the transmittance of water is 
significant and the absorption and reflectance 
are low. The reflectance of water in the visible 
region scarcely rises above 5%. The absorption 
of water rises rapidly in the near-IR where 
both, the reflectance and transmittance are low. 

The normalised difference water index (NDWI) 
has been used to identify the water pixels in the 
images. The NDWI can be written as: 








+
−=

NIRGREEN

NIRGREEN
NDWI     1.0 

The slicing operation of the NDWI images 
has been carried out to extract the water pixels 
from the rest. The revised areas obtained from 
this operation may be used to estimate the 
revised volume between two consecutive 
elevations with the help of cone formula. In the 
cone formula, the volume of water (V) between 
two consecutive spread A1 and A2 and height 
difference (h) can be expressed as: 

( )21213
AAAA

h
V ++=      2.0 

The revised cumulative capacities have 
been obtained by adding the revised volumes 
between consecutive intervals. For comparison, 
the original cumulative capacities on different 
stage of pass have been obtained from the 
original elevation-area-capacity curve.  



Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

1242 
 

RESULTS AND DISCUSSION 

The satellites data of ten different dates 

have been analysed to determine the revised 

water spread areas of Ravishankar Sagar 

reservoir. For digital analysis of remote sensing 

data, ILWIS 3.0, GIS software has been used. 

All the images have been imported, 

georeferenced in ILWIS software. The slicing 

operation of NDWI images have been done to 

extract the water pixel from the rest. The false 

colour composite and the masked out water 

spread area of Dec 09, 2001has been presented 

in Fig. 2. 

The satellite data at D.S.L. i.e. 336.21 m 

and at F.S.L., i.e. 348.70 m were not available. 

To  compute  the  revised  spread  area  at these  

levels, a graph has been prepared between 

reservoir elevations and revised spread areas. A 

best fit line has been plotted and the revised 

water spread at 336.21 m and 348.70 m have 

been computed as 3022.98 hectare and 9018.7 

hectare respectively. Using revised water 

spread areas, the revised cumulative capacity 

and percentage loss in grass storage at different 

levels have been estimated. The computation of 

percentage loss in storages of Ravishankar 

Sagar reservoir has been depicted in Table 2. 

The graphical representation of the elevation 

v/s original and revised cumulative capacities 

of Ravishankar Sagar reservoir has been 

presented in Fig. 3. 

 
Fig. 2 : False colour composite and water area of Ravishankar Sagar Reservoir on Dec. 09, 2001. 
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              Table 2 : Revised elevation-area-capacity table for Ravishankar Sagar Reservoir 

Date of Pass Reservoir 
Elevation 
(meter) 

Number 
of Water 

Pixel 

Revised 
Area 

(hectare) 

Revised 
Volume  

(M cu.m) 

Original Cumu. 
Capacity  
(M cu.m) 

Original 
Volume  

(M cu.m) 

Loss in 
Volume 

(M cu.m) 

% Loss in 
Volume 

River Bed 323.50  0.00  0.000    
    128.074  143.000 14.926 10.44 

DSL  * 336.21  3022.98  143.000    
    43.772  44.225 0.453 1.02 

23-May-01 337.59 57694 3323.2  187.225    
    20.243  21.288 1.045 4.91 

30-Apr-01 338.16 65705 3784.6  208.513    
    56.996  61.689 4.693 7.61 

6-Dec-03 339.55 76816 4424.6  270.202    
    51.269  55.197 3.928 7.12 

18-May-03 340.65 85090 4901.2  325.399    
    40.746  41.290 0.544 1.32 

29-Mar-03 341.46 89596 5160.7  366.689    
    77.139  81.720 4.581 5.61 

30-Oct-02 342.83 106145 6114.0  448.409    
    116.110  117.556 1.446 1.23 

8-May-02 344.62 119210 6866.5  565.965    
    49.657  52.533 2.876 5.47 

13-Apr-02 345.32 127147 7323.7  618.498    
    83.820  86.151 2.331 2.71 

9-Dec-01 346.41 139965 8062.0  704.649    
    197.274  204.891 7.617 3.72 

9-Nov-03 348.72 156720 9027.1  909.540    
         

FSL  * 348.70  9018.7 195.566 909.320 204.671 9.105 4.45 
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CONCLUSION 
The remote sensing approach is well 

proven method for assessment of reservoir 
sedimentation and it can be used conveniently 
for estimation of revised capacity. The digital 
data obtained from remote sensors are least 
affected by human interference and 
intervention. From the analysis of the results it 
may be concluded that 45.93 M. cum of gross 
storage and 31.00 M. cum. of live storage of 
Ravishankar Sagar reservoir has been lost in 
last 24 years (1979 to 2003). If the rate of 
sedimentation in the reservoir is assumed as 
constant over the period of 24 years, the rate of 
silting may come out as 1.91 M. cum/year or 
191 ha-m/year. The catchment area up to the 
dam site of the Ravishankar Sagar reservoir 
being 3670 sq. km, the silting rate in commonly 
unit is computed to be 5.20 ha-m/100 km2/year. 
The present study show that in the last 24 
years, 31.00 M. cum which is 4% of live 
storage has been lost due to sedimentation; 
therefore it is necessary to take corrective 
measures in the catchment area to reduce entry 
of silt in the reservoir.  
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