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ABSTRACT

Remote sensing is proved to be a useful tool to provide an instantaneous and synoptic view of
suspended sediments in rivers and estuaries. In case of sadireent particles originating

from processes oérosion in the catchmemind propagated along witlthe river flow. When

the flow of a river is stored in a reservoine sediment settles in the reservoir and reduces its
capacity. Reduction in the storagmpacity of a reservoir beyond a limit hampers the

purpose for which it was designetihus assessme of sediment deposition becomes very
important for the managemeahd operation of such reservoirs. Some conventional methods,

such as hydrographisurvey and inflovoutflow approaches, are used for estimation of
sediment depositioim a reservoir, buthese methods are cumbersorime consumingnd
expensiveAs a resultmulti date remote sensindata (IRS1C/1D/P6, L1SS lll) has been

utilised to calculate water spread arealhe revised capacity of the reservoir between
maximum and minimurwater levels were computed using the prismoidal formula. The

capacity estimated could be utilised fmmpaision with hydographic survey estimate loss

of capacity of the reservoiAs such lie loss of reservoir capacity is equal to the sediment
depositiontakes plaein the reservoirl n t hi s paper a reapularoi r nze
namedlanajjsagar 6 has taken f or ass eAfies adepted thiof r es
procedure he loss in reservoicapacitydue tosediment depositiofor a period of25 years

(1975-2002 wasestimated a25.08Mn7, which gives an average sedimentation raté.60
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MmPper yea. The overall loss in the capacity is observed to be 8.25% of the total gross
storage in 25 years.

INTRODUCTION

Water resources & environmental management is essential for sustaining quality of life on
earth. Most of the problems in water resources sector like scarcity of water, inadequate
storage and sedimentation in water bodies which are common in arid & semi-arid regions of
the world. As a matter of fact the life span of any reservoir depends on the rate of
sedimentation, which results in gradual reduction of useful storage capacity of the reservoir.
This loss in useful storage capacity due to sedimentation could adversely affect planning for
long term utilization of reservoir storage capacity for irrigation, power generation, industries,
urban water supply and flood moderation. History reveals that a great amount of sediment is
carried annually by the Indian rivers down to reservoirs, lakes, estuaries, bays and oceans and
soil erosion in river catchments is taking place at the rate of 2000-3000 tonnes/km?/year, in
north-north east to 500 -1000 tonnes/ km?/year in central and southern region. Out of which
about 29% is transported to sea and 10% is deposited in reservoirs. Such deposition in
reservoirs will tremendously reduce live storage capacity and adversely affect power
generation / irrigation / water supply. Therefore, monitoring/assessment of sedimentation in
reservoir is an important aspect during planning stage and to predict reservoir sedimentation
during operation stage. To perform such operations following methods are presently in use
for estimation/prediction of sediment deposition in reservoirs:

i.  Stream Flow Analysis- Sediment and water inflow/outflow measurements
ii.  Hydrographic Surveys

iii. Satellite Remote Sensing Techniques T Use of Satellite Imageries

iv. Empirical Methods- Area Reduction Method

v. Mathematical Models

Empirical methods and Mathematical models are the methods for prediction of reservoir
sedimentation and are normally used during planning stage. Remaining three methods are
used for monitoring of sedimentation during operation stage. Stream flow analysis method
needs daily measurements of water and sediment flows at upstream and downstream of
reservoir right from the day of reservoir impoundment. The present day hydrographic surveys
are conducted with modern hi-tech survey systems consisting of DGPS and depth measuring
units such as Echo sounders. The hydrographic surveys for reservoirs in hilly region with
thick vegetation within and around reservoir pose great difficulties inspite of high-tech
systems. Even with such modern systems, surveys of large fan shape reservoirs require a
period of 12 to 18 months or more. Apart from time factor, these hydrographic surveys are
not cost effective and therefore cannot be carried out regularly at shorter intervals for purpose
of monitoring of reservoir sedimentation. Comparatively, use of satellite imageries offers a
cost and time effective alternative for monitoring purpose. Moreover remote sensing
technique, offering data acquisition over a long time period and broad spectral range, are
superior to conventional methods. It is highly cost effective, easy to use and it requires lesser
data and time in analysis as compared to other methods. The advantage of satellite data over
conventional sampling procedures include repetitive coverage of a given area every three to
four days, availability of synoptic view which is unobtainable by conventional methods, and
almost instantaneous spatial data over the areas of interest. More accurate data about water
spread area of reservoir on a given date could be collected instantaneously which is
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practically impossible even with high-tech survey systems. These advantages have led to
development of remote sensing technique in study of reservoir sedimentation.

A REVIEW ON RESERVOIR SEDIMENTATION STUDIES USING REMOTE
SENSING DATA

The use of remote sensing techniques to estimate suspended sediment has been reported by
several investigators (Solomonson, 1973; Bartoluci et al., 1977; Holeyer, 1978; Khoram,
1981). Smith et al. (1980) determined siltation in the Aswan High Dam Reservoir by
comparing reflectance values in the green and red portions of the spectrum. Research findings
indicate that siltation during the flood period was largely confined to the main river channel
of the reservoir and large embayments. Areas of extensive siltation were identified and the
amounts of deposition were determined through ground surveys. This information was used
to predict the distribution of silt deposits in the reservoir. Rao et al. (1985) used a visual
interpretation technique on large scale imagery of Landsat-MSS to estimate the water-spread
area at different levels to evaluate the capacity of the reservoir and concluded that the results
are comparable with hydrographic survey observations and similar to the curves obtained
from the conventional methods. A digital technique in which density slicing of Landsat-MSS
near-infrared (IR) data was performed for extracting the water-spread area and correlated
computed reservoir capacity based on the surface area obtained using cone formulae. Goel &
Jain (1996) earned out a reservoir sedimentation study using the density-slicing approach for
water-spread area extraction. The status of studies shows that there is lot of scope of the
remote sensing approach for sedimentation assessment in the Western Ghats region, which
has extensive areas that are prone to soil erosion.

PANSHET RESERVOIR

As a case study Panshet Reservoir, popularly known as dranaji Sagard which is a part of
Mutha canal system was taken to carry the sediment assessment. The Panshet dam was built
in 1961 importantly to provide irrigation facilities and to cater water supply requirements to
Pune city. The project which was extension of Mutha Canal system comprising of
Khadakwasla Dam, Mutha right bank and Left bank canals include construction of Panshet
dam, Warasgaon dam and Extension of Canal from 112 km to 162 km, bringing irrigation
from 20,000 ha to 31,174 ha with canal carrying capacity of 1100 cusecs at head.

Panshet dam was completed in the year 1961, but due to heavy and abnormal rainfall in the
catchment area a breach was occurred. Then the project was revised in 1972 for restoration
of Khadakwasla and Panshet dams and further revised in order to extension of Mutha Right
Bank Canal (MRBC) from 162 km to 202 km to cater irrigation demand of 62,146 ha
command area. In the year 1977, the revised water planning was prepared based on
climatological data of the command area, conducted hydrographic survey to estimate capacity
of reservoir and the same has been taken as base for assessment of sedimentation in the
present study. After the Project was envisaged it consists of three dams namely Panshet dam
(Tanaji  Sagar) on river Ambi, Warsagoan dam (Vir Baji Pasalkar) on river Mose and
Khadakwasla dam (Lake Fife) on river Mutha as shown in location map.

LOCATION
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The Panshet dam on river Ambi, upstream of the confluence of rivers Ambi and Mose, is

located at Longitude 73°3 8 6 E and’1l4at iNt lade ab® ut 40 kms we:
village Panshet, Taluka Velhe, District Pune of Maharashtra (State), India (Fig.1). The dam is

only storage dam from which regulated discharges are let into the river to be picked up at the

Khadakwasla Dam. At the Khadakwasla Dam, there is only small storage and the irrigation

canal takes off from it. Water supply to Pune Municipal Corporation is also drawn from the

above storage.

J Mg

ervoir
/ L A

Fig 1 Location map of the Panshet Reservoir
PROJECT DETAILS

The gross storage capacity of Panshet dam is 303.93 Mm?® thereby creating live storage of
294.93 Mm® at FRL 635.81 m. Considering the 100 years life of the reservoir, the dead
storage capacity of 9.00 Mm® was kept at RL 597.41 m to allow silt deposition from the
120.30 km? catchment area. The MDDL of the reservoir is kept at 609.80 m.

The catchment area of Panshet dam is of elongated shape and the average longitudinal slope
of the catchment is about 10.0 m/km. At the time of planning, siltation rate of 17.2 ha-m /100
km? / year was assumed. River Ambi is a tributary of Mutha river and this river transports a
lot of silt to the reservoir. The silt contribution is mainly due to deforestation, over-grazing in
the pasture land, unscientific agricultural practices, indifferent contour terrace farming,
absence of effective afforestation programme and other development activities undertaken in
the catchments area including roads, buildings and commercial complexes. Such
developmental activities directly aid erosive forces. Moreover ploughing of land and wrong
methodology of cultivation in villages also result in disintegration of soil. The type of erosion
in this area is basically sheet erosion. The silt thus transported to the river and its tributaries
and is deposited in the reservoir, which leads to reduce the life of the reservoir.

DATA USED

For the quantification of volume of sediment deposited in the reservoir, the basic information
extracted from the satellite data is water spread area at different water surface elevations. The
selection of water year for analysis is from consideration of maximum variation in reservoir
levels (ideally FRL to MDDL) and availability of cloud free images. In India, more than 80%
of the rainfall is received during the four-monsoon months from June-September. During this
period, water level in the reservoir rises from minimum in May/June to maximum in Sept/Oct
months, depending on the amount of rainfall. But the cloud free data products may not be
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available during this period. Subsequently the water level of reservoir gradually depletes to
lower levels towards the onset of next monsoon (May /June). The satellite data for this
period can be efficiently used coupled with field data for analysis purpose. The following 3
sub-heads explain in brief regarding the data collected to carry forward the method applicable
for analysis.

| . Topographical data:

The topographical details were taken from Toposheets obtained from Survey of India. The
location of the reservoir identified from toposheet map and considered as base map for
georeferencing satellite images. These topographical details are given below:

a) 47 F/11 and 47 F/15.
b) Scale : 1:50,000
c) Longitude 73° 386 E and%1l4a& iN ude 18

I1. Field data

For the Panshet reservoir the records of annual maximum and minimum observed variation in
water levels in the year 2001-02 and 1997-98 covering most of the live storage zone i.e. from
RL 597.41 m to FRL 635.81 m. As no records of hydrographic survey were available after
1977, it was also decided to carry out sedimentation survey through SRS technique at regular
intervals of approximately five to seven years depending upon the availability of satellite data
and maximum variation in live storage zone. Therefore, daily water level data for the period
from 1988-91, 1997-98 and 2001 i 02 were collected from dam site. The salient features of
the reservoir, catchment area details, land use patterns and maps were collected from the
Krishna Valley Development Corporation (KVDC), Sinchan Bhavan, Pune.

I1l. Satellite data
The multi-spectral data of IRS-1A /1C /1D Satellites for LISS-1 & LISS-11lI Sensors were

available for period of analysis and same were used for this study. The specifications of
these satellites are given in the following table

Satellite | Sensor Res<()rl1:J)t|on Sp’;lgtTat;eE::r]: ds Revisit (days) (i?r:/irli?ﬁ)
IRS-1A | LISS-I 72.5 4 22 148 x 174
IRS-1B | LISS-II 36.25 4 22 74 x 87

IRS-1C | LISS-1II 23.5 3 24 148 x 141
IRS-1D | LISS-III 23.5 3 25 141 x 142
IRS-P6 | LISS-III 23.5 4 24 142 x 141

The Panshet reservoir water spread was covered in one scene of path 95 row 60 of IRS-1C
and 1D satellites path 30 and row 55 of IRS-1A satellite. Based on the status and availability
of remote sensing satellite data, scenes were obtained for different period of analysis.

METHODLOGY
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The methodology adopted for Satellite Remote Sensing (SRS) techniques involves in several
steps such as i) geo-referencing, ii) modelling, iii) capacity estimation. This methodology
described briefly in the following paragraphs.

i Geo-referencing

The methodology adopted for this study involves pre-processing of satellite data. For
processing of satellite data generally it is necessary to geo-reference the images of different
time periods when using the temporal satellite data of the same area. Prior to geo-referencing
a digital base map of study area is created from 1:50000 scale toposheet. In the process of
geo-referencing an image considered as the master image (fig: 2) and-eight control points
were selected for image-to-image registration. Based on the statistics, the points which
generated big errors were deleted and replaced by other points to obtain satisfactory geo-
referencing. All the available images were geo-referenced following this procedure. After
completing this process, different images were displayed one over the other and the
superimposition was compared. It was noticed that the geo-referencing was very accurate. In
this study the satellite data were geo-referenced and analysed using the EASI/ PACE
software for further process.

Fig:2 Satellite image (FCC) as on 31 October 2001 of Panshet Reservoir

ii Modelling

Water is one of the most easily delineable features on the satellite data due to high contrast
between land and water body in NIR band, wherein water absorbs almost entire incident
energy depending on nature and status of water body while land absorbs less depending on
cover type, roughness, composition etc. Although spectral signatures of water are quite
distinct from other land features such as vegetation, barren land and man made developments,
yet identification of water pixels at the water / land interface is very difficult and depends on
the visual interpretation ability of the analyst. Therefore, digital image processing technique
which includes vector generation and modelling for water land boundary delineation was
required in addition to visual interpretation. It was observed in all images of Panshet reservoir
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that the deep water was quite distinct. However, if we magnify the image at tail portion or
periphery of reservoir the colors of pixels changes from dark blue to light blue to greenish
blue to bluish green and finally to dark green, mustered, reddish and brown colour. Hence, it
created a lot of confusion in deciding exact line to delineate water from land. Though the
statistics of histogram gave an idea about the ranges of values of NIR band for land / water
boundary demarcation, pixel by pixel identification was difficult by visual interpretation.
However, the digital image processing technique in other words modelling was useful to
overcome these difficulties. To quantify the volume of sediments deposited in the reservoir,
the basic information that needs to be extracted from the satellite data is the water-spread area
of the reservoir at different water elevations. In this study the satellite data were processed
and analysed using the EASI/PACE software for determining the water-spread area in the
reservoir. Using the geo-referenced imageries, it is possible to overlay the remote sensing
data of different dates. Comparison of the change in the water-spread area and shrinkage in
the water-spread area with time, particularly for the tail end of the reservoir, can also be made
using geo-referencing. As remote sensing technique is limited to give water spread area in
live storage zone only. Therefore the estimated water spread area for different dates obtained
by modelling of satellite data corresponding to different elevations were given in the tabula
from given below. The water-spread areas depicting from satellite imageries at maximum and
minimum water levels are shown in Fig. 3.

. 2
sr Date pf Observed E_Ievatlon Area (Mm©)
Satellite Difference
no. Pass s’ ) (m)
org RS RS RS
1977 | 1991 | 1998 | 2002
1 IS\?SI 580.35 0 0.000 | 0.000 | 0.000 | 0.000
2 582.17 1.82 0024 | 0023 | 0022 | 0.021
3 | DSL 597.41 15.24 1637 | 1524 | 1.498 | 1.492
4 17;3A9pr’ 605.21 7.80 3.220 | 3200 | 3.150 | 3.144
5 | MDDL | 609.80 4.59 4.890 | 4.660 | 4.480 | 4.400
6 04’(')\2”’ 614.02 4.22 6655 | 6.360 | 5720 | 5.680
7 09-0A2pr- 618.71 4.69 8581 | 8260 | 7.901 | 7.450
8 24’%”’ 621.30 259 9461 | 8960 | 8.897 | 8.480
9 28'0erb' 623.83 253 10.318 | 9.660 | 9.816 | 9.370
10 04'0F29b' 627.09 3.26 11.490 | 11.260 | 11.135 | 10.540
11 05'0[1“' 631.91 4.82 13.262 | 13.190 | 12.967 | 12.700
12 24'(;\'10"' 631.97 0.06 13.285 | 13.212 | 12.971 | 12.800
13 | 31-Oct- | 634.56 259 14.269 | 13.986 | 13.967 | 13.493
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14

FRL

635.81

1.25

14.705

14.545

14.030 | 13.827

org : original ; RS : Remote Sensing ; WL : Water Level ; m: meters

o

,

-

Date of Pass: 04.02.2002

Satellite Imagery

Date of Pass: 04.05.2002

Water spread area

W.L: 634.56 m (Maximum)

Area: 13.49 Sq.

Area: 10.54 Sg. Km.

m

Area: 8.48 Sq. Km.

W.L: 614.02 m (Minimum)

Area: 5.68 Sg. Km.

Fig 3 Water spread area at Minimum and Maximum water levels

iii Capacity Estimation
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The reservoir capacity between two elevations was then computed by prizmoidal formula
using water spread areas obtained above:

DVi,=Dh (A1+A2+VA1l*A2) [/ 3
Where,
DVi, = Volume between elevation E2 and E1 (E2>E1)
Dh = E2-El
Al, A2= Water spread areas at elevation E1 and E2

Using this prizmoidal formula the cumulative capacities of panshet reservoir computed at
different elevations were plotted against corresponding elevation in order to generate new
elevation T capacity curve. The same shown in the graph as figure 4

640
630
620 = //
610 _5 ~
o /
600 |
?{ ——1977 (base
590 year)
——1991 (SRS)
580
——1998 (SRS)
570
0 50 100 150 200 250 300
Capacity (M cu.m)

Fig 4: Comparison of cumulative capacity at different years

It was found that for the year 2002 the cumulative capacity at FRL and Dead storage level
was about 278.85 Mm® and 8.56 Mm® thereby giving a live storage of 270.29 Mm°.
Similarly, analysis was also carried out for intermediate years from 1988 1 91 and 1997 i 98.
The areai elevationi capacity table for different years (1988 to 2002) are shown in tabular
form as below.

S | Date | Obs | El Capacity Cumulative Loss in
r |of erve |ev (Mm®) Capacity Cumulative
n |satel |d ati (Mm®) Capacity (Mm?®)
o |lite |WL |on
pass | (m) | Dif
fer
en
ce
(m
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)
Orlps|rs|Rs| O |Rs|Rs|Rs|RS |RS |RS
3|19 19| 20| 3| 19|19 20 1991 | 1998 ) 2002
1 1
o1 |8 |o2| )| o1 98|02
, |Bed |580. [0 000000 00]00 00 |00 0.0 000 |0.000] 0.00
Lvl |35 00 | 00 | 00| 00|00 |00 |00 |00 | O 0
) 582.11 1.8 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |0.0 [0.0 | 0.01 | 0.011 | 0.01
2 |25 14|13 13|25 |14 |13 |13 | 1 2
, | DSL [597. |15 [ 8.9 8886|8590 |88 |86 |85 | 0.20 | 0.381| 0.44
41 |24 |77 | 10| 46| 79 |02 |02 |21 |62 | © 0
, |T7ap | 605. | 7.8 |18 18 | 17. | 17.| 27. | 26. | 26. | 26. | 0.81 |, o | 1.35
)89 | 21 | 0 | 65|02 73|68 |66 |84|30]|27]| 2 |t 2
o |MD [609. [45 |18 | 17| 17| 17.|45. |44, |43. |43. | 0.97 | 1945 | 2.24
DL |80 |9 |10 93|42 |23|7 |78 |81 |51 | 8 9
; nfa 614. | 4.2 | 24. | 23. | 21. | 21. ;g SZ gg ?‘2‘ 2.43 | 2087 5'964
02y 02 | 2 | 61|15 46 | 21 0
, ag;‘O 618. 3'6 35. | 34. | 31. | 30. 206 ;01 857; ii’ 352 | 8264 1%'2
p2 71 28 | 18 | 80 | 69 |°° |~ 5
o | 24m | 621 |25 | 23|22 | 2L | 20. |12 |12 |11 |1 | 476 | 10.35 | 131
aro2 | 30 |9 | 53|29 |74 |61|9144l88/60| 5 | 7 | s
o | 28fe | 623, | 25 | 25. | 23. 23 |22 | 15 | 14 | 14 | 13 | 6.33 | 1181 | 157
boz | 83 | 3 | 12 |54 | 66 |57 |43|79|24|86| 6 | 4 | 0
1 f;‘t;o 627. |32 |35, | 34. |34 |32 | 18 | 18 | 17 | 17 | 771 | .. | 187
0 || 09 |6 44| 06| 12]43]97]20 66 10 5 : 1
L |5 [ 63L 4850 |58. |58. |55 |24 |24 |23 |22 | 8.28 | 1453 | 22.2
[ |deco |91 |2 |42 |56 |03 |92 |91|09 46 69| 1 1
1
I [24no | 63L [0.0| 0907|0707 25| 24 | 23 | 22 | 847 | 1, . | 224
2 vi2 | 97 | 6 | 90| 92|78 |65 |01|16|54|77| o : 4
L |3loc | 634. |25 35 | 35 | 34.|34.| 28 | 27 | 27 | 26 | 8.7 | 1, o | 238
30 t1 | 56 | 90 |49| 21|87 04 |56|69]03|17| 4 : 8
1 [FRL 1635. |12 [18. [17. | 17. |17. 130 |29 |28 |27 | 919 | 16.12 | 25.0
4 81 |5 |26 |83 |49 |07 |39 |47 |78 |88 | 2 8
RESULTS

After completion of all calculations it can be seen that there is a capacity loss of 9.19 Mm? in
14 years during 1977 to 1991and 16.13 Mm? in 21 years from 1977 to 1998 and 5.08 Mm?® in
25 year from 1977 to 2002. As a result the rate of siltation takes place 0.656 Mm?® per year
upto 1991 and 0.990 Mm?® per year upto 1998 and it is increased to 1.000 Mm? per year upto

2002.

The result of analysis of satellite imageries for Panshet reservoir indicates that the reservoir
capacity in the year 2002 was 278.65 Mm?®. The percentage of los of capacity was 3.02%
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from 1977 to 1991 and 5.30% from 1977 to 1998 and 8.25% till 2002. The percentage of
annual average loss of capacity gradually increases from 0.216% to 0.330 during 25 years of
time from 1977 to 2002.

CONCLUSIONS

It is observed that the gross, dead and live storage capacities of Panshet reservoir for the year
1977 were 303.93 Mm®, 9.00 Mm® and 294.93 Mm?® respectively. As per recent remote
sensing survey from, these storage capacities are estimated as 278.85 Mm®, 8.56 Mm® and
270.29 Mm? respectively. The overall loss in capacity of Panshet reservoir since 1977 to
recent remote sensing survey in 2002 comes out to 25.08 Mm?® which is 8.25% of the gross
storage. Therefore, the percentage average annual rate of siltation since 1977 to 1991was
0.216%, from 1977 to 1998 was 0.252% and for the year 2002 was 0.330% respectively.

The loss in dead and live storage capacity since 1977 to recent remote sensing survey in 2002
comes out to 0.44 Mm?® and 24.64 Mm® which is 4.89% and 8.35% respectively. It could be
seen that for the live storage capacity of 294.93 Mm?, the capacity of the dam has reduced by
8.35% in 25 years. Thus, the average annual rate of loss of capacity is 0.334%.

In general, the rate of percent annual loss of gross capacity varying from 0.216% to 0.330%
appears to be comparatively on the lower side in comparison to gross percent annual loss of
0.5 to 1.0% in many of the Indian reservoirs. The sediment index for Panshet reservoir comes
to around 2979 m*/km?/year which is equivalent to 10007 T/ km?/year which is much higher
than that indicated by Garde et al.

However, the comparison of deposition pattern of Panshet reservoir with the standard types
of deposition pattern suggested by Borland and Miller indicated that the sediment deposition
pattern in Panshet reservoir remained close to Type | during period 1977- 2002.
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