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ABSTRACT: Tank irrigation is considered as one of the ancient irrigation system. Since the age of south Indian tanks
are century years old and had started to decline progressively. Due to inadequate rainfall, improper maintenance of tank
components the tank irrigation system follows a declining trend, almost all the command area under any tank irrigation
system depends on the wells located in the fields. By knowing this, the government of Tamil Nadu is trying to
rejuvenate the existing irrigation tanks. One such rehabilitation programme is TN — IAMWARM. This paper focused
on evaluating the performance of rehabilitated tanks for the past fifteen year (2000-2015) through hydrological
simulation using MS-Excel as a tool and to study the impact of rehabilitation on tank performance. Gomukhi sub basin
of vellar basin, Tamil Nadu, India is selected for the study, in which one non-system tank and a system tank is chosen.
Monthly runoff to the tank and rainfed on the tank is taken as inflow, crop water requirement, evaporation and seepage
is taken as monthly outflow. The monthly change in storage is used to simulate the ayacut area of the selected tanks
which is taken as the performance of the tanks.
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I. INTRODUCTION

It is well known fact that tanks are small reservoirs that are generally constructed in villages for multiple purposes such
as domestic, irrigation, livelihood, groundwater recharge; these tanks are considered as one of the biggest assets of
villages and are common to all villagers. Tank Irrigation system is a cost effective irrigation system since most of the
farmers in the state are marginal farmers. Tanks are classified as system tank and non-system tank based on the inflow,
PWD tanks and panchayat tanks based on the ayacut area. A tank has its catchment area, feeder channel, embankment,
sluices, weirs, field channels and ayacut area. Most of the tanks existing in the state of Tamil Nadu are century years
old. Due to inadequate rainfall, encroachment on tank bed, poor maintenance of tank components the tank irrigation
system keeps on decreasing. The share of tank irrigation in Tamil Nadu declines to 19% and the share of well irrigation
increased to 50% [5]. There is an urge to rehabilitate these tanks and bring their condition to an improved state.

By knowing the significance of tanks the state Government is trying to rejuvenate these tanks under various schemes,
many international agencies are also funding for tank rejuvenation in south Asia especially in south India. One such
project is TN-IAMWARM, Tamil Nadu lIrrigated Agriculture Modernization and Water-Bodies Restoration and
Management (IAMWARM) is a Multidisciplinary Project funded by the World Bank. It has been implemented by the
Government of Tamil Nadu with Water Resources Department as the nodal agency. The project has covered 63
selected sub basins out of 127 sub basins and covers an ayacut area of 6.17 lakh hectares.

Repair of sluice, strengthening of tank bund, desilting of supply channels, lining of field channels, eviction of
encroachment on the tank bund are the works carried under the rehabilitation programme.

1. METHODOLOGY ADOPTED

Gomukhi sub basin of vellar basin, Tamil Nadu, India is taken up for the study. A Non-system tank ‘Niraimathi’ and a
System tank ‘Thenkeeranur big tank’ in Kallakurichi block of Villupuram district, Tamil Nadu, India is chosen for the
evaluation. The corresponding co-ordinates are 11°42'53.21"N and 79° 0'8.65"E (non-system tank), 11°43'40.00"N and
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78°58'10.00"E (system tank). There are about 39 system tanks and 41 non system tanks are available in the gomukhi
sub basin and all the tanks have been rehabilitated under TN-IAMWARM programme. 60 water user’s associations are
formed under the same programme.

The Non-system tank ‘Niraimathi’ was rehabilitated in the year 2011 whereas the system tank ‘Thenkeeranur big tank’
was rehabilitated in 2013. The ayacut area under the non-system tank is 59 ha and 68 ha for system tank, in which
paddy and sugarcane are the major crops grown in that area. 4 ha of maize have grown under the system tank command.
The simulation is carried for paddy and sugarcane separately for the past 15 years (2000-2015)

The methodology incorporates four segments viz. calculating monthly runoff and rainfed on the tank as inflow to the
tank, calculating monthly Crop Water Requirement for paddy (Kharif & Rabi) and sugarcane separately, carry out
monthly water balance, simulating ayacut area for the selected crops which is taken as the performance of the tanks.

1.1 Delineation of catchment area

The catchment area is delineated using ArcGIS 10. The base map is created from Google earth. The SRTM image of
30m x 30 m resolution is downloaded for the corresponding base map. The base map is geo referenced with its
coordinates in ArcGIS 10. The catchment area for the selected tanks is delineated followed by flow direction and flow
accumulation. The catchment area details are given below in the table (1).

Table (1) Catchment area details of the selected tanks

Tank Free catchment area in Combined catchment area Net catchment area in
sg.km in sq.km sg.km
Non-system (Niraimathi) 8.8 13.7 9.78
System (Thenkeeranur big 54 13.7 7.06

tank)

*  Net catchment area = (20% of intercepted area + |Free catchment area)

* Intercepted area = (Combined catchment area — free catchment area)

The catchment area maps are given below in the figure 1 a, b, ¢
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b. Free catchment of System tank (Thenkeeranur big tank)
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Figure(1)a. Free catchment of Non-system tank (Niraimathi)
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1.2 CALCULATION OF MONTHLY RAINFALL-RUNOFF FOR NON-SYSTEM TANK FOR THE
YEAR 2000-01

The monthly rainfall-runoff to the tank is calculated using strange’s table. The monthly rainfall-runoff into the tank is
taken as monthly inflow into the tank. The rainfall data for the past 15 years (2000-2015) recorded in gomukhi dam
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rain gauge station is taken as basic input. The type of catchment chosen is combination of average and bad, with this
catchment type combination, rainfall data the monthly rainfall-runoff is calculated using strange’s table for 15 years.
The rainfall-runoff for 1% year 2000-2001 is given below in the table (2).

Table (2)Rainfall-runoff for Non-system tank for the hydrological year 2000-01

(286%6}[)1) June | July | August | September | October | November | December | January | February | March | April May
Fi{ﬁ'rr:;‘]" 24 | 199 | 1064 | 2609 | 2565 | 149.1 99.8 43 0 | 1279 | 537
Yield
from the
catchment 0 0 0.05 0.0735 0.0697 0.0129 0.0042 0 0 0.0081 | 0.0006
in M.cum

1.3 CALCULATION OF MONTHLY CROP WATER REQUIREMENT FOR NON-SYSTEM TANK FOR PADDY FOR THE

YEAR 2000-01

Two crops were identified in the selected tank command area namely paddy and sugarcane. The monthly crop water
requirement is calculated using modified penman method. In case of paddy two season were identified namely Kharif
and Rabi whereas sugarcane is a perennial crop. The calculation of crop water requirement incorporates addition for
nursery in case of paddy, addition for land preparation in the first month, addition for percolation and minimum depth,
conveyance losses and field capacity (actual field values). The non-system tank was rehabilitated in the year 2011,
before the conveyance efficiency of field channel was 30%. After its rehabilitation the conveyance efficiency was 45%.
In case of system tank, rehabilitation was done in the year 2013 and the conveyance efficiency of field channel was
30% before and after its rehabilitation. The type of soil found in the field is black soil which has high clay content thus
the field capacity is 40%. Till 2011 the conveyance losses was added to be 70% and after 2011 (rehabilitation done) the
losses was reduced to 55% in non-system tank. The calculation of crop water requirement for paddy and sugarcane for
the year 2000-01 is given in the table (3)&(4) respectively.

Table (3) Calculation of crop water requirement for paddy for kharif season for 2000-01

Copyright to IIMRSETM

g'N Description July August September October Total
1 ET in mm 213.9 192 148.8 151.9 706.6
2 Kc 11 11 11 0.95
3 Monthly water reqirement in 235.29 2112 163.68 144305 |  754.475
4 Nursery 40 0 0 0 40
5 Land preparation in mm 160 0 0 0 160
6 Percolation 10mm/day 300 300 300 300 1200
7 Min depth in mm 50 0 50 0 100
8 Gross total in mm 785.29 511.2 513.68 aaa.305 | Z2AAT
9 Monthly rainfall in mm 19.9 106.4 260.9 256.5 643.7
10 Effective @ 50% 9.95 53.2 130.45 128.25 321.85
11 Net Irrigati(r)nnn:equirement in 775 34 458 383.23 316.055 19532.62
12 Conveyance efficiency @ 30% 1318.08 778.60 651.49 537.29 3285.46
13 Field efficiency @ 40% 2108.92 1245.76 1042.39 859.67 5256.74
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14 Total in mm 2108.92 1245.76 1042.39 859.67 5256.74
15 Total CWR/ha in m® 21g89.2 128157'6 10423.86 8596.70 52567.4
16 Total CWR/ha in M.cum 0.02109 0.01246 0.01042 0.00860 0.0526
Table (4) Crop Water Requirement for sugarcane for the year 2000-01
A Se (0]
S. Description u ugus | ptemb | ctob Nove | Dece | Janu | Febru | Marc April | Total
NO ly t or or mber | mber ary ary h
1 ET in mm 223' 102 | 14838 121' 1364 | 150 123' 204.6 | 195 2i0' 1826.6
2 Kc 0.4 0.4 0.4 1.25 1.25 1.25 1.25 1.25 0.75 0.75
Monthly water
3 requirement in 85.6 | 76.8 | 59.52 | 190 | 170.5 | 1875 | 217 | 255.8 | 146 | 195 | 1584
mm
4 Nursery 0 0 0 0 0 0 0 0 0 0 0
Land
5 preparation in 50 0 0 0 0 0 0 0 0 0 50
mm
6 Percolation | 55, | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 3000
10mm/day
7 M'%drﬁpth M s | o 50 0 50 0 50 0 50 | 0 250
Gross total in 485, | 376. | 409.5 | 489. 555.7 | 496. 495, | 4884.0
8 mm 56 8 2 875 5205 | 487.5 | 567 5 25 3 55
9 _Monthly 499 | 106. | 5609 | 256 | 998 | 43 | 0 0o | 27| 537 | 9204
rainfall in mm 4 5 9
Effective @ 130.4 | 128. 63.9 | 26.8
10 50% 9.95 | 53.2 5 5 499 2.15 0 0 5 5 464.7
Net Irrigation
. . 475, | 323. | 279.0 | 361. 485.3 555.7 | 432. 468. | 4419.3
11 reqU|rn¢31rrrT1]ent in 61 6 7 625 470.6 5 567 5 3 45 55
12 Conveyance 808. | 550. | 474.4 | 614. | 800.0 | 825.1 | 963. | 944.7 | 734. | 796. | 7512.9
efficiency @ 30% | 54 12 2 76 2 0 90 8 91 37 035
13 Field 1293 | 880. | 759.0 | 983. | 1280. | 1320. | 1542 | 1511. | 1175 | 1274 | 12020.
efficiency @ 40% | .66 19 7 62 03 15 24 64 .86 .18 6456
14 Total in mm 1293 | 880. | 759.0 | 983. | 1280. | 1320. | 1542 | 1511. | 1175 | 1274 | 12020.
.66 19 7 62 032 152 .24 64 .856 .184 6456
15 Total CWR/ha | 1293 | 880 | 7590. | 983 | 12800 | 1320 | 1542 | 15116 | 1175 | 1274 | 12020
inm?® 6.59 | 1.92 70 6.20 .32 1.52 2.4 A4 8.56 1.84 6.456
16 Total CWR/ha | 0.01 | 0.00 | 0.007 | 0.00 | 0.012 | 0.013 | 0.01 | 0.015 | 0.01 | 0.01 | 0.1202
in M.cum 294 880 59 984 | 8003 202 5422 | 1164 | 1759 | 2742 0646

11.4 WATER BALANCE FOR THE SELECTED TANKS

The inflow to the tank is monthly runoff from the rainfall, rainfed on the tank whereas system tank is getting additional
inflow of 0.00002M.cum from nearby anicut (thenkeeranur). Monthly crop water requirement, evaporation, seepage are
the monthly outflows from the tank. By doing water balance, the probable ayacut area that the tank can able to irrigate
is found which is taken as the performance of the tanks. The water balance study for the selected tanks for the year

2000-01 is given in the figures 2. a&b respectively.
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YEAR | MONTH |INITIALSTORAGE|RAINFALL| RUNOFF | AMC | RAINFED |GROSSINFLOW| LOSSES |NET INFLOW| PADDY CWR/ha | PADDY AREA [TOTAL CWR|END STORAGE
20002001  JUNE 0 2 0 0.0000 0.016 0.0156 00008 | 00148 0 0.000 0.000 00148
Juy 0.0148 199 0 0.0000 0.013 0.0277 00014 | 00263 0.0211 125 0.026 00000
AUGUST 00000 1064 | 00500 | 00125 0.069 0.1065 00053 | o001 0.0125 8.09 0.101 00000
SEPTEMBER | 00000 | 2609 | 00735 | 00147 0.169 0.2279 00114 | 02165 0.0104 2082 0217 00000
OCTOBER 00000 | 2565 | 00697 | 00139 0.166 0.2220 00111 | 02109 0.0086 452 0211 00000
NOVEMBER |  0.0000 1491 | 00130 | 00019 0.097 0.1076 00054 | 01023 0 0.00 0.000 01023
DECEMBER 0.1023 998 | 0002 | 00004 0.065 0.1707 00085 | 062 00177 9.16 0.162 00000
JANUARY 00000 43 0 0.0000 0.003 0.0028 00001 | 00026 0.0126 0.00 0.000 00026
FEBRUARY 0.0026 0.1 0 0.0000 0.000 0.0027 00001 | 00025 0.0147 0.00 0 00025
MARCH 0.0025 0 0 0.0000 0.000 0.0000 0 0.0000 0.0134 0.00 0 00000
APRIL 0 1279 | o008t | 00020 0.083 0.0890 00044 | 0085 0 0.00 0 0.0845
MAY 0.0845 537 | 00006 | 00001 0.035 0.0352 00018 | 0033% 0 0.00 0 00335

Figure(2) a. Water balance for Non-system tank for the year 2000-01 (Paddy)

YEAR | MONTH |INITIALSTORAGE|RAINFALL] RUNOFF | AMC | RAINFED |GROSSINFLOW| LOSSES |NET INFLOW]| PADDY CWR/ha | PADDY AREA [TOTAL CWR|END STORAGE
20002001 JUNE 0 2 0 0.0000 0.016 0.0156 00008 | 00148 0 0.000 0.000 00148
Juy 0.0148 199 0 0.0000 0.013 0.0277 00014 | 00263 00129 203 0.026 00000
AUGUST 00000 1064 | 00500 | 00125 0.069 0.1065 00053 | o001 00088 1149 0.101 00000
SEPTEMBER | 00000 | 2609 | o075 | 00147 0.169 0.2279 00114 | 02165 00076 2852 0217 0.0000
OCTOBER 00000 | 2565 | 00697 | 00139 0.166 02220 00111 | 02109 00088 2044 0211 00000
NOVEMBER |  0.0000 1491 | 00130 | 00019 0.097 0.1076 00054 | 0102 00128 799 0.102 00000
DECEMBER 0.1023 998 | 0002 | 00004 0.065 0.1707 00085 | 062 00132 1228 0.162 00000
JANUARY 00000 43 0 0.0000 0.003 0.0028 00001 | 00026 00154 0.00 0.000 00026
FEBRUARY 0.0026 0.1 0 0.0000 0.000 0.0027 00001 | 0005 00151 0.00 0 00025
MARCH 0.0025 0 0 0.0000 0.000 0.0000 0 0.0000 00118 0.00 0 00000
APRIL 0 1279 | o008t | 00020 0.083 0.0890 00044 | 0085 00127 663 0 0.0845
MAY 0.0845 537 | 00006 | 00001 0.035 0.0352 00018 | 0033% 0 0.00 0 00335

Figure(2) b. Water balance for Non-system tank for the year 2000-01 (Sugarcane)

The rainfed contribution is taken as the product of rainfall in m and waterspread area in M.m? of the tank.The volume
units are represented in M.m?>.

I11. RESULTS AND DISCUSSIONS

The simulated results for the non-system tank and system tank for the selected crops in each season are obtained and
they are given in the tables (5), (6), (7), (8).

Table (5) Simulated results for Non-system tank for paddy

Year Registered Simulated area in ha

ayacut area in ha Kharif Rabi
2000-01 58 25 9
2001-02 58 12 6
2002-03 58 16 2
2003-04 58 26 10
2004-05 58 58 14
2005-06 58 45 58
2006-07 58 28 9
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2012-13 58 58 3
2013-14 58 16 11
2014-15 58 39 8
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Figure(3) a. Simulated results for Non-system for paddy

Table (6) simulated results for Non-system tank for sugarcane

Year Registered area in ha Simulated area in ha
2000-01 58 29
2001-02 58 12
2002-03 58 14
2003-04 58 52
2004-05 58 58
2005-06 58 58
2006-07 58 25
2007-08 58 31
2008-09 58 58
2009-10 58 35
2010-11 58 58
2011-12 58 58
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2012-13 58 53
2013-14 58 23
2014-15 58 47
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Figure 3 b.simulated results for Non-system tank for sugarcane
Table (7) Simulated results for system tank for paddy
Year Registered area in ha Simulated area in ha
Kharif Rabi
2000-01 67 12 4
2001-02 67 6 3
2002-03 67 7 2
2003-04 67 17 4
2004-05 67 45 3
2005-06 67 23 33
2006-07 67 13 4
2007-08 67 8 14
2008-09 67 9 24
2009-10 67 5 14
2010-11 67 5 32
2011-12 67 5 38
2012-13 67 35 2
2013-14 67 6 2
2014-15 67 20 3
Copyright to IIMRSETM | AnISO 9001:2008 Certified Journal | 8
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Figure(4) a. Simulated results for system tank for paddy
Table (8) Simulated results for system tank for sugarcane
Year Registered area in ha Simulated area in ha
2000-01 67 14
2001-02 67 5
2002-03 67 6
2003-04 67 26
2004-05 67 38
2005-06 67 41
2006-07 67 12
2007-08 67 13
2008-09 67 24
2009-10 67 18
2010-11 67 42
2011-12 67 48
2012-13 67 30
2013-14 67 9
2014-15 67 22
Copyright to IIMRSETM | AnISO 9001:2008 Certified Journal | 9
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Figure(4)b.Simulated results for system tank for sugarcane

Another scenario is made for 45% (present) Vs 100% Conveyance efficiency. It has been inferred that, even 100%
conveyance efficiency cannot able to irrigate entire ayacut area thus rainfall pattern, inflow to the tank also influences
the performance of the tank. The results are given in the table 9.

Table (9)45% conveyance efficiency Vs 100% conveyance efficiency

45% Conveyance efficiency in
Kharif for non-system tank for

100% Conveyance efficiency
in Kharif for non-system tank

Year paddy for paddy
2011-12 13 20
2012-13 58 58
2013-14 16 24
2014-15 39 58
45% Conveyance efficiency in| 100% Conveyance efficiency
Rabi for non-system tank for | in Rabi for non-system tank
YEAR paddy for paddy
2011-12 58 58
2012-13 3 13
2013-14 11 18
2014-15 8 14
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1.1 INFERENCES

1. The simulated results show that the present conveyance efficiency of field channels is insufficient to irrigate
the entire area. Whenever the rainfall exceeds 50 cm the tank can able to irrigate the maximum area with
this conveyance efficiency throughout the system,

2. Conjunctive use of well water helps to sustain farming in the remaining season,

3. From the simulation model, it is found that 70% and 55% of the water losses through conveyance in non-
system and system tank respectively, thus the present conveyance efficiency (45%) and (30%) is
insufficient to irrigate entire area in case of moderate and scanty rainfall,

4. However the present conveyance efficiency is sufficient to irrigate maximum ayacut area in case of rainfall
exceeds 50 cm,

5. The inflow to the tank depends on the rainfall and the crop water requirement(outflow) depends on the ET
value of the particular month, thus the climatic factors also influences the performance of the tank,

6. There is no significant change in the performance of the tank before and after its rehabilitation.

IV. CONCLUSION

From the hydrological modelling it can be concluded that there is no significant impact of rehabilitation on both the
tanks.One significant finding from the study is there should be an efficient field channel to deliver the water form tank
to the field till its end. Thus field channel is one of the most significant tank components to be rehabilitated. The
climatic components such as rainfall pattern, temperature range are also the factors which alter the performance of the
tank. Well irrigation plays a significant role in the remaining seasons of the selected tanks.
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