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 

Abstract- Water is the most vital input in agriculture that has 

highly significant contributions in providing stability to food 

grain production and food self-sufficiency as well as food 

security in India. This resource can be optimally used and 

sustained for future generations only when quantity of water is 

assessed very well. In the present study, the seepage losses that 

are the major losses through the canal conveyance system were 

quantified. The total estimated seepage loss was found to be 

165399.84 x 10
3
 cubic meters during the entire year out of which 

the monsoon season seepage was 4167.21 x103 cubic meters 

while the rest 171232.63X103 cubic meters were in non-monsoon 

season, respectively. The monsoon season seepage losses in the 

Nuh sub-branch canal and distributaries namely Uleta, Dubalu, 

Ujina, Kalanjar and Pondiary were estimated to be 3130.13, 

655.30, 117.96, 175.35, 53.22, 35.25 (x103)  cubic meters 

respectively. Similarly, the total seepage losses in the 

non-monsoon season from the entire conveyance system was 

estimated as 171232.63x103 cubic meters. Estimated seepage 

losses from Nuh –branch canal and distributaries of the 

Sub-distributaries of Nuh namely; Uleta, Dubalu, Ujina, 

Kalanjar and Pondiary were 6838.09, 176.33, 270.43, 649.43, 

163.92, 50.10, 8148.31 (x103 cubic meters) respectively in the 

district. The study emphasizes that there is an urgent need for 

making the conveyance system leak proof so that more area can 

be covered with saved water.  

Index Terms- Canal water, Groundwater, Runoff, Water 

balance, Mewat District  

I. INTRODUCTION 

Water is one of the most crucial, important and limiting factor 

of production (WAPDA, 1965, FAO, 1977). It is hard to 
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produce a single grain without adequate amount and quality of 

water (IIMI, 1996, IWMI, 2002). Adequate supply of water 

throughout the entire growth period of a crop results into 

maximum production and resources sustainability i.e. without 

the degradation of quality of the resources (Singh, 1998, 

Krysanova et al., 2005, Shah, 2009). In India, nearly two third 

of the total cultivated area is still under the rainfed situation 

with limited or no irrigation facilities (Irrigation Commission, 

1972,  IIMI, 1996, Singh and Singh, 2004, World Bank, 

2010). During post independence era in India the major 

emphasis of planners had been on developing the irrigation 

facilities (Sharma and Chawala, 1975, 1979, Malhotra, 1982, 

Stephen et al., 2010). Eventually a huge network of main 

canals, sub-main and branch canals, major and minor 

distributaries, water courses and open channels constitute the 

irrigation conveyance system which have been created in all 

projects (Irrigation Commission, 1972, Garg and Chawala, 

1970, Vedula et al., 2005, Swamee, 2000). Due to the country 

being resources poor and economically backward; majority of 

the canals could not be properly lined right from the beginning 

of their construction (Chahar, 2007). Hence, the huge amount 

of water that has been diverted using large, medium and small 

dams got lost in transit and the efficiency of the system 

reduced substantially (Morel Saytoux 1964, Chow, 1973, 

Wachyan and Ruston, 1987, Dukker et al., 1994, Foster and 

Choudhary, 2009, Stephen et al, 2010). The assessment of 

water resources is an important requirement for optimization 

of the crops production with available irrigation water 

(Yangchan, et al., 2006).  

 The assessment of water resources of a region requires 

adequate and reliable hydrological records (Aggrawal, et al., 

2009). The assessment of total water resources potentials of 

an area includes quantification of utilizable surface and 

groundwater resources (Chowdary, et al., 2009).  Often when 

the canal water is inadequate for irrigation of the crops; 

farmers resort to conjunctive use of surface and ground water 

for better yields and enhanced productivity.  In some cases 

they have also tried to line the canals and prevented the water 

losses due to seepage (Shah, 2003, Shah et al., 2004, 

Nikbakht, 2006). In order to provide lining in the canals to 

check the excessive seepage modeling studies have also been 

conducted by different workers and many approaches have 

been followed to model this phenomenon (Wauwer, 1961, 

Koupaila 1964, Weller, 1981, Christopher 1981, Decon, 

1983, Alam and Bhutta, 2004). 

 Inadequacy of canal water should mainly be attributed 

to the two major losses associated with the water conveyance 

i.e. seepage losses from the wetted surface area and 

evaporation losses from the open water surfaces as well as the 

wetted exposed surfaces to the sun plus the 

evapotranspiration from the water weeds, algal growth and 

growth of weeds in the body or side walls. When water is 
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conveyed from a resources rich region (Dam site/head works) 

to a resources poor region or dry area; the conveyance system 

consisting the main and branch canals and its accessories as 

well as the water losses resulting from the seepage often 

become quite big. The sizes of different components of the 

conveyance system are standardized by engineers (Harr, 1962, 

Mc Atreer Jeppson, 1968, Garg and Chawala, 1970, Weller, 

1993, Foster et al., 2002). However, there is no control 

whatsoever of planners on the soil properties which keeps on 

changing rapidly as the canal progresses forward and thus the 

capacities of water absorption by them which we call as 

seepage losses that also keeps on changing (Siddiqui et al., 

1993, Shahid et al., 1996, Skogerboe et al., 1999). In the 

North Western part of India, soils are largely light in nature 

(Manuel et al., 2006, Singh, 2002,  

Kalra at al., 2003) belonging to loamy sand and sandy loam or 

sandy textural classification which depict a very high seepage 

rate in general.  

 Many studies to measure and quantify the seepage rates 

have been undertaken in the past (Bauwer, 1961, Bauwer and 

Rice, 1968, Bodla, et al., 1998, Smith and Turner, 1982) 

employing different instruments. Further, many indirect 

estimation methods of canal seepage based on the flow 

behavior studies through porous medium have also enriched 

our scientific knowledge and understanding of the seepage 

behavior (Subramanya et al., 1973, Sharma and Chawala, 

1975, 1979). What is lacking in this science is the 

characterization of seepage rates and documentation with 

regards to each and every open channel which is primarily 

unlined (Wachyan and Rushton,1987, Karad et al., 2013, 

Christensen, 1984, Swameem 1994, 1995). This would result 

in scientifically estimating the seepage losses as well as 

developing procedures and plans/ methodologies for 

providing proofing against such large losses (Bredhoeft and 

Young 1983, Foster et al., 2002, 2006, 2002-2006, 2009). 

 Quantitative estimation of seepage losses from the 

entire conveyance system of the canal network therefore 

assumes a very high significance (Morel Seytoux, 1964, ICID, 

1967, Dhillon, 1968, Kraadtz, 1977, Kacimove, 1992) which 

will result in assessing the balance amount of water available 

for irrigation. The managers and planners would therefore be 

better equipped for proper allocation of the actual amount of 

water available to them for maximizing the production and 

productivity. Also, efforts need to be initiated for decreasing 

the high seepage losses using mechanical measures 

(Zhukovskey, 1930, Uchdadiya and Pate, 2014, 
Wolde-Kirkos and Chawla, 1994,  Swamee et al., 2001, 2002, 

Burt et al, 2010). 

 Mewat district of Haryana state of India is 

socio-economically one of the most backward districts of 

Haryana (NAIP, ICAR, 2009). Highly saline ground water 

and low crop productivity are the main features of the Mewat 

district of Haryana. The total water resources potential of the 

Nuh block includes both surface and groundwater. Although 

the surface water resources include the canal water and runoff 

water from the streams; the direct surface runoff water can 

also be used for irrigation when it is conserved or stored 

properly. Thus, it can also be considered as the alternative 

surface water resource yet its magnitude is very less. The 

groundwater was another major source of irrigation water in 

the Block that can be obtained directly by exploration by mean 

of shallow and deep tube wells. But the most parts of the block 

were suffering with highly saline groundwater and salt 

affected soils and therefore, small percentage (15 percent) of 

groundwater is available for irrigation in the Block and 

remaining 85 percent of groundwater was un-usable for 

irrigation (Kaur et al., 2009). Inadequacy of both types of 

water forced the district to import the same through a canal 

network namely Nuh branch canal from out side the district. 

Later the canal water became the prime source of surface 

water resources available for irrigation in the block for quite 

some time till the canal water supplied dwindled. While, runoff 

water contributes only small amount of surface water 

resources potential of the block (Khan, 2007). In a nutshell, 

the total water resources available for irrigation in the Nuh 

block include the canal water remaining after seepage and 

other losses, groundwater available for irrigation up to safe 

draft (limit) and the runoff water from study area when it is 

conserved and stored properly. As the Nuh block is 

representative block of Mewat district of Haryana state of 

India; the same was taken as the study area. Most parts of the 

Block were suffering with water deficit and problems of poor 

quality groundwater (Kaur, et al., 2009). These scenarios 

represent water as the main limiting resource for agricultural 

production in the block. Therefore, the present study was 

conducted keeping the view to quantify the seepage losses and 

trying to minimize the same for efficient management of the 

water resources as the same is one of the key issues to increase 

the agricultural production in the district and thereby help in 

feeding the ever increasing population. 

  

II. THE STUDY AREA 

Nuh block, which is the representative block of Mewat district 

(Haryana), lies between 27
o 

59' 30.4'' to 28
o 

13' 40.3'' North 

latitude and 76
o
 57' 20.5'' to 77

o 
10' 58.38'' degree East 

longitude. The study area falls under Survey of India (SOI) 

Topo- sheet no. 53 H/4 and 53 D/16. It covers a portion of the 

Indo-Gangetic plain and lies to the west of Yamuna River and 

south-west of Delhi, and form the southern part of Haryana 

and north eastern part of Rajasthan. The location map of study 

area is presented in Figure 1. The geographical area of the 

study area is 463.66 sq. km (46366 ha). The population of the 

Nuh block is 212855, including the male 112553 (52.88 per 

cent) and the female 100302 (47.12 per cent), during 2001 

census. The total literacy percentage was 33.63 per cent, 

including male 73.79 per cent and female 26.21 per cent (as 

per Census 2001). The total number of villages in the Nuh 

block is 114. The total water resource potential of the Nuh 

block constituted canal water, ground water and runoff water. 

Canal water was one of the major sources of surface water for 

irrigation in the Nuh block. The canal water obtained in Nuh 

block for irrigation is from the western Yamuna canal branch. 

Nuh sub-branch (Indri, Nuh and Bhiraoti distributeries), Uleta 

distributery, Dubalu distributery, Ujina distributery, Kalanjar 

distributery and Pondiary distributery were the main 

distributaries for the canal water supply in Nuh block.  

 

2.1 Assessment of canal water availability  

Canal water is one of the major sources of water for irrigation 

in the Nuh block. The average water supply through the canal 

(i.e. the canal water available to the crops) was estimated for 

years (2008-09) using the data available from the office of 

Irrigation Engineer, Mewat Water Supply Services, Nuh 
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Division, Haryana. The canal water availability to the crops 

can be estimated by following equations (Equation 1): 

Canal water availability for irrigation =Water supply at the 

canal head - Seepage losses during conveyance      

    (1)                 

Where, water supply at the canal head = Q (m
3
/sec) × 

Operating time of canal (sec); and Q = average discharge in 

the canal (m
3
/sec). 

 Canal water which is the prime source of surface water 

resources available in the block for irrigation, was estimated to 

be 21316.23 ha-m based on the canal water supply on annual 

basis while runoff water was found to have contributed only in 

small amounts which was estimated to be about 2398.48 

ha-m. Further,  the total water (includes both surface and 

groundwater) resources potential of the Nuh block  situated in 

the Mewat District, Haryana State of India was also assessed 

and quantified. While the total water availability (only canal 

and groundwater) for irrigation in Nuh block was assessed to 

be 22281.63 ha-m; the total water availability potential 

(including runoff) was assessed to be 24680.12 ha-m.   

 

2.2 Assessment of groundwater resources availability 

 

Groundwater was second major important source of irrigation 

to the crops in the Nuh block. The average groundwater 

availability through the tube wells was estimated for year 

2008-09 from data available from the Regional Office of 

Central Ground Water Board (CGWB), Chandigarh, Haryana. 

The groundwater availability to the crops was estimated by 

water balance approach (Mishra, et al., 2001,Sahuquillo, 

2002, Scibek, et al., 2007). The objective of the groundwater 

balance study was to know the volume of groundwater 

available for sustainable pumping. For the estimation of the 

groundwater availability to the crops, total annual amount of 

groundwater recharge, numbers of observation wells, 

pre-monsoon and post-monsoon groundwater levels were 

recorded. 

The groundwater balance equation  (Panda et al., 1996) was 

used (Equation 2): 

ΔS= TGWR ± TGWD               

 (2) 

Where, TGWR = total groundwater recharge; 

TGWD= total groundwater draft; and ΔS = change 

in groundwater storage. 

Availability of the groundwater, another major source of 

irrigation water in the block, was simultaneously assessed by 

water balance approach to be about 6436 ha-m but the net 

groundwater available for irrigation was estimated to be only 

965.40 ha-m because the almost 85 per cent of groundwater 

was unusable for irrigation due to highly saline groundwater. 

Although, the inter seasonal irrigation system planning for 

waterlogged sodic soils was recommended by Panda, et al., 

1996, Akkuzu, et al., 2007and Murray et al., 1992, yet the 

same can’t be practiced as the rainy season rainfall is 

insufficient for the same. Hence, irrigation with saline water is 

making the soil in the block, salt affected and less productive 

to unproductive. Therefore, concerted efforts would be 

required to arrest the seepage losses from the canal supplies as 

well as use the collected rainwater very prudently mainly due 

to saline nature of the ground water.  

2.3 Assessment of groundwater recharge 

The main sources of groundwater recharge were inflows from 

the adjoining area, recharge from rainfall and seepage from 

major conveyance systems such as rivers, canals and drains. 

Equation 3 explains the above: 

TGWR = GRr + GRc + GRa             (3) 

Where, GRr = groundwater recharge from rainfall;  

GRc = groundwater recharge from seepage of canal 

network; and GRa = groundwater recharge due water 

application losses. 

 

2.4 Assessment of groundwater draft/ withdrawal 

Major portion of groundwater withdrawal was used for 

irrigation in the block. Ignoring the other uses of 

groundwater, amount of annual groundwater withdrawal was 

estimated on the basis of area of different crops and their 

irrigation water requirements. It is assumed that the deficit in 

irrigation water supply was met from groundwater pumping. 

 

2.5 Assessment of runoff water availability  

Assessment of runoff water from the study area is desirable 

because it is one of the alternative sources of water for 

irrigation use. The runoff water from the study area was 

estimated by using the empirical formula already prepared for 

the particular basin under which study area nearly belongs 

(Bhadra et al., 2010). The required data is the average annual 

rainfall for the year 2002 to 2009 obtained from the Weather 

Station, Office of the CEO, at Nuh block of Mewat District. 

The appropriate empirical formula for the runoff estimation 

from the study area was taken from  Jha et al., 2005 (Equation 

4): 

R= 0.354P 
0.11         

                (4) 

This formula was developed for Yamuna Basin at 

Tajewala (Haryana) having catchment area 11,150 km
2
. In this 

equation P represents annual precipitation in centimeters and 

R represents annual runoff in million cubic meters (MCM), 

respectively. This formula has been used for estimation of 

runoff in Nuh block (Mewat), Haryana. 

 

III. THEORETICAL BACKGROUND OF THE 

ESTIMATION OF SEEPAGE LOSSES IN WATER 

CONVEYANCE 

Indian Standards (BIS code) for assessing the canal seepage 

losses for India was formulated in 1993 and reaffirmed in 2004 

(Anonymous, 2004). However, in the present study the 

estimation of seepage losses from canal network was done 

according to Tyagi et al. (1995) which was applied for 

seepage estimation in the Ghagger river basin that has similar 

conditions as Nuh (Mewat). Simple in-situ vibratory soil 

compaction of earth lined canals was tested to determine the 

impact on seepage losses (Akkuzu, 2011, 2012, David, et al., 

2011). Commercial equipment was used for vibratory 

compaction of long sections of five irrigation district earthen 

canals. Ponding tests were conducted before and after 

compaction. When the sides and bottoms of the canals were 

compacted, seepage reductions of about 90% were obtained; 

reductions of 16–31% were obtained when only sides were 

compacted (Alam and Bhutta, 1964, Carter, 1970, Belaineh, 

et al., 1990, Alam and Bhutta, 2004). 

For computing seepage, hydraulic data such as daily 

discharge, monthly discharge and number of running days for 

each major/ minor distributary were compiled from records of 

the office of Irrigation Engineer, Mewat Water Supply 



 

Seepage Losses Assessment in Water Conveyance System of Nuh Branch Canal Network in Mewat District, Haryana 

State of India 

                                                                                                  10                                                            www.erpublication.org 

Services, Division Nuh, Haryana. Following calculation 

procedure was followed for estimation of seepage losses; the 

perimeter (Pw) was computed by using following formula 

(Yangchan et al., 2006) (Equation 5): 

Pw = 4.75 × Q
0.5    

                (5) 
 

Where, Pw = wetted perimeter (m); and Q = average 

discharge in the canal (m
3
/sec) 

Wetted area (Aw) was calculated by formula given below 

(Equation 6):  

Aw = Pw × L                   (6) 

 Where, Aw= wetted area of conveyance system (x10
6  

sq. 

meter);  L= length of canal (m) 

Seepage loss coefficient per million square meter of wetted 

area was calculated for lined and unlined channels separately 

by formula given below (Equation 7): 

Sc =0.35Q
m                    

 (7) 

Where, m = 0.58669 usually for Lined channel and 

1.8621 for unlined channel 

Seepage losses (Sl) are calculated by formula given below 

(Tyagi, 1989; Yangchan et al., 2006) (Equation 8) : 

Sl =Tr × Aw × Sc                   (8) 

Where, Sl = Seepage loss (m
3
); Sc = Seepage losses 

factor in cumec per 10
6 

sq. meter of wetted area; and Tr = 

Operating time (sec) 

The seepage losses from unlined main canal, branches, 

distributaries and watercourses were considered as deep 

percolation, which ultimately contributed to groundwater 

recharge in the study area. Tyagi, (1989) determined the 

wetted perimeter and wetted areas for different channels and 

estimated seepage loss coefficient for lined and unlined canal 

channels. 

IV. RESULTS AND DISCUSSION 

 

4.1 Canal water resources potential of Nuh Block, Mewat 

(Haryana) 

 

Monthly discharges of irrigation water through each 

distributery of canal network in Nuh block during 2008-09 

was taken from the office of the Irrigation Engineer, Mewat 

Water Supply Service, Nuh for the estimation of irrigation 

water volume at head of canal, estimation of seepage losses 

and estimation of total canal water availability. The irrigation 

water volume at head of canal distributaries was estimated for 

six month basis i.e. monsoon and non-monsoon (Table 1).  

The seepage losses were estimated from each distributaries 

separately which is presented in Table 2. Then, the total canal 

water availability was estimated for each distributery by 

deducting respective seepage losses from the water volume at 

the head of distributery (Table 3). Results shows the Nuh 

sub-branch was the major channel including Nuh, Indri and 

Bhiraoti distributaries provided canal water in the Nuh block 

was 5271.35 ha-m during monsoon (Kharif) season and 

11435.01 ha-m during non-monsoon (Rabi) season. The 

irrigation water volume at head of all canal networks for Nuh 

block was estimated to be 10288.29 ha-m during monsoon 

(Kharif) season and 17938.09 ha-m during non-monsoon 

(Rabi) season. The seepage losses were estimated from each 

distributery separately. The seepage loss was highest for Nuh 

sub-branch as this sub-branch was longest and having longest 

wetted area. Then, the total canal water availability was 

estimated for each distributery by deducting respective 

seepage losses from the water volume at the head of 

distributery. Nuh sub-branch provided highest canal water 

availability for Nuh block. Figure 2 and 3 presents the 

comparisons of volume discharge at the head, seepage losses 

and total water availability in respective distributaries. The 

total canal water availability was estimated to be 9871.57 

ha-m during monsoon season and 17123.26 ha-m during 

non-monsoon season. The total annual canal water available 

for irrigation was estimated to be 26994.83 ha-m. 

 

4.2 Groundwater resources potential of the Nuh Block, 

Mewat (Haryana) 

Despite the water being of highly saline in nature in large 

part of the block, the Nuh block is dominantly irrigated by 

groundwater, and in the recent past, irrigation by groundwater 

has increased, especially in the area where crops are grown 

only in the non-monsoon (Rabi) season. There are eight 

observation wells in the study area. The pre and post monsoon 

groundwater levels were recorded by the Regional Centre of 

Central Ground Water Board (CGWB) at Nuh. For the present 

study, groundwater data have been obtained from the 

Regional Office of Central Ground Water Board (CGWB), 

Chandigarh, Haryana. The groundwater balance is given in 

Table 4. The annual groundwater recharge and annual 

groundwater draft was estimated to be 8538.00 ha-m and 

2102 ha-m respectively. Then, the total groundwater 

balance was estimated to be 6436.00 ha-m. Nuh block was 

mainly irrigated by shallow tube wells.  Groundwater in Nuh 

block of Mewat district was mainly saline at all levels in almost 

85 percent of block including  highly salt affected groundwater 

of 63.4 percent and moderately saline groundwater with 

highly salt affected land of 22.6  percent (Kaur et al., 2009). 

Therefore, the actually available fresh groundwater; usable for 

irrigation; was estimated to be only 965.40 ha-m.  

 

4.3 Runoff water resources potential of the Nuh Block, 

Mewat (Haryana) 

 

Direct runoff is also channelized to cropped areas for 

irrigation in Nuh block where it is possible. The runoff volume 

is estimated from the annual rainfall using an empirical formula 

given by Jha and Smakhtin, 2005. The annual runoff volume is 

calculated as below:  

Total annual precipitation of the Nuh block is 846 mm or 84.6 

cm. Total runoff volume (MCM) 

R      =         0.354 (84.6) 
0.11

 =  0.57679 MCM  =  57.68  

ha-m 

 This is for (11,150 km
2
 area)   

Area of Nuh Block = 46366 ha = 463.66 km
2
 

So, the total runoff for study area (Nuh Block)  = 

(57.6785/11,150) ×463.66 ×1000 = 2398.49  ha-m 

 

Direct runoff is also channelized to cropped areas for 

irrigation in Nuh block where it is possible. The runoff volume 

is estimated from the annual rainfall using an empirical formula 

given by Jha and Smakhtin, 2005. The annual runoff volume 

for Nuh block was estimated to be 2398.49 ha-m which was 

just 5 per cent of the annual rainfall of the block. 

 

4.4 Total existing water resources potential for irrigation 

in Nuh block, Mewat (Haryana) 
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The total water resource potential of Nuh block constituted 

the canal and ground water; and in addition, runoff water. 

Annual canal water was estimated to be 266645.30 ha-m and 

other losses (water course losses and leaching requirement) 

excluding the seepage was taken as 20 percent of total water 

availability. Hence, net water availability for irrigation from 

canal network was calculated to be 21316.23 ha-m. The 

annual groundwater availability was estimated to be 6436 

ha-m. The most of the part (85 percent) of groundwater in 

Nuh block was highly saline (not usable for irrigation) and 

moderately saline (can be used only with high limitation for 

irrigation). Therefore, the net groundwater available for 

irrigation was 965.40 ha-m. Total water available for 

irrigation in existing conditions was 22281.63 ha-m. The 

surface runoff was also estimated as the alternative for 

irrigation. It was estimated to be 2398.49  ha-m. The total 

water resource potential of the Nuh block is given in Table 5. 

 

4.5 Seepage losses in water conveyance system in the 

canal network of Nuh Block, Mewat (Haryana) 

 

 The conveyance system of Nuh branch canal was surveyed 

extensively for identification of the problems of general 

operation and maintenances and seepage was found to be a big 

issue. The general maintenance of the canal was found to have 

weakened over all these years and it appeared that the system 

was not in active operational state. The interviews were 

conducted from the beneficiaries having farm adjoining the 

canal distributor or minors. It was noted that due to lack of 

supplies from the head works, the canal seldom works at its 

full supply levels. Hence, the irrigation department as well as 

farmers has lost genuine interest in its operation and 

maintenance. The channel bottom having got silted developed 

vegetation over the period which has grown to form not the 

bushes but trees sometimes well developed ones. The trees 

have spread their deep rooted networks across the canal 

bottom which helped the canals side slope to get fractured and 

increase the seepage losses. The channel bottom having got 

silted developed vegetation over the period which has taken 

deep roots resulting into fractured the side walls and bottoms 

of the trapezoidal channel cross section. This results into 

colossal water losses in form of seepage when canal is 

operated. Similar observations were also made by researchers 

in other parts of the globe (Harr, 1962, Jeppson, 1968, 

Muskat, 1982, Goyal and Chawla, 1997, Foster, et al.,2009). 

The part of Nuh branch canal was provided with lining using 

poor quality materials with lining using poor quality materials 

which developed cracks and fissures over the time due to 

alternating freezing in winters and thawing in the summer 

seasons.  

 

The total estimated seepage loss from the conveyance system 

of canals was found to be 165399.84x 10
3 
cubic meters during 

the entire year out of which the monsoon season seepage was 

4167.21x10
3
 cubic meters while the rest 171232.63x10

3
 cubic 

meters were in non-monsoon season, respectively. The 

monsoon season seepage losses in the Nuh sub-branch canal 

and distributaries namely Uleta, Dubalu, Ujina, Kalanjar and 

Pondiary were estimated to be 3130.13, 655.30, 117.96, 

175.35, 53.22, 35.25 (x10
3
)  cubic meters respectively. 

Similarly, the total seepage losses in the non-monsoon season 

from the entire conveyance system was estimated as 

171232.63x10
3
 cubic meters. Estimated seepage losses from 

Nuh –branch canal and distributaries of the Sub-distributaries 

of Nuh namely; Uleta, Dubalu, Ujina, Kalanjar and Pondiary 

were 6838.09, 176.33, 270.43, 649.43, 163.92, 50.10, 

8148.31 (x10
3
 cubic meters) respectively in the district. This is 

clear from the above that a huge amount of water is being 

regularly wasted from the canal network which if could be 

save may be able to provide full irrigation to a substantial area 

and life saving irrigation to almost triplefold area.  

 

The seepage loss rate in the Nuh branch canal was found to be 

quite high primarily due to the soil characteristics. The soil of 

the region belongs to the sandy loam texture with very high to 

high rate of hydraulic conductivity. It is therefore, evident that 

the seepage losses will be quite high. It is however, notices 

that the availability of water in Agra canal and the Nuh branch 

canal has been dwindling over the past few years. The number 

of days the water is available in the canal has been reduced 

substantially as well as the water discharge ( the total wetted 

surface and area cross section of the open channel) reduced 

significantly the seepage losses also have come down. As 

compared to h designed discharge neither the discharge nor 

other prosperities have kept a pace with time and hence, the 

seepage losses have also changed. As reported in earlier 

sections farmers are not solely dependent on the canal water 

for irrigation but the tube wells are also playing an major role 

in irrigation the area selected for this study. It is therefore, 

convenient to say that in almost all canal commands the 

conjunctive use is being practiced (Akkuzu, 2012, Martin, 

2015). 

 

4.6 Strategies for arresting the conveyance losses for 

enhancing water availability for irrigation 

 

Advantage of the seepage losses in Nuh branch canal have 

been reported in form of increased ground water tables along 

the canals. More or less similar reports have also been made in 

literature for other canal networks in other regions of the 

country and the world (Kraatz, 1971, 1977, Vishnoi and 

Saxena, 2014). Anthropogenic interventions such as damage 

to the channel bottoms etc. have also been reported. Stealing 

the water by puncturing the side walls etc. root growth and rat 

holes etc. have been found (Bakry and Awad, 1997, 

Anonymous, 2004). All these activities have also contributed 

significantly in the seepage losses from the canal hence, the 

standard theories for determining the seepage losses and 

modeling the seepage behavior from line and unlined canals 

have resulted into simple determination of evapotranspirtion. 

The standard theories as suggested by (Koradiya and Khasiya, 

2014) could not be successfully applied and validated. 

However, farmers were found practicing the conjunctive use 

as reported by other workers too across the canals  (Manuel, 

et al., 1999, Singh, 2002. In the North Western part of India, 

where soils are largely light in nature as well as the ground 

water is saline it has been recommended that the canals should 

be essentially provided with lining so as to avoid the huge 

seepage losses which otherwise will join the saline aquifers 

and become unusable (Siddiqui et al., 1993, Shahid et al., 

1996, Skogerboe et al., 1999). Also, prudent use of the 

available water with most modern methods of water 

applications such as drip irrigation system, growing of short 

duration crops requiring loess water and such varieties which 
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are salt tolerant and less water requiring are the strategies 

suggested to farmers in view of decreasing water availability. 

 

4.7 Strategies for conjunctive use of surface and ground 

water for optimizing the production and productivity  

 

 As the water availability could not be increased beyond a 

certain limit and the ground water salinity restricted the use of 

it extensively for crop production, a conjunctive use of surface 

and ground water available was suggested to farmers on the 

lines of ecommendations made by researchers worldwide  

(Coe, 1990, Ejaz, and Peralta, 1995, Karamouz, et al., 2004. 

Dudley and Fulton, 2005. Jang and Chen, 2009, Hosein, et al., 

2011, Hanson, et al., 2012.). In other parts of the country in 

India too, farmers are resorting to the conjunctive use of 

surface and ground water but their ground water is of good 

quality in contrast with Nuh block (Mishra et al, 2012). It is 

therefore, advised to farmers that they should adopt modern 

methods of irrigation application that are more efficient as 

well as the water should be used in conjunction for lease 

effects on the soil quality and resources sustainability of the 

production system (Bredehoeft and Young, 1983, 

Christopher, 1981, Azaiez and Hariga, 2001, USBR, 1991, 

Upmanu, 1995, Blomquist, et al., 2001,  Buechler and Devi 

2003).  

 

V. SUMMARY AND CONCLUSIONS 

 

The assessment of water resources is very important 

consideration for optimization of crop production with 

available irrigation water. The total water resources potential 

includes the surface water (canal water and runoff) and 

groundwater (tube well water). The annual canal water run for 

irrigation in Nuh Block during 2008-09 was 28226.38 ha-m 

while the actual water available for irrigation after seepage 

losses, application losses and other losses was 21316.23 ha-m. 

The annual net groundwater balance for irrigation was 

estimated to be 6436.00 ha-m but the actual fresh 

groundwater usable for irrigation was estimated to be only 

965.40 ha-m (15 percent). The annual runoff was estimated by 

the rainfall- runoff relationships. The average annual runoff 

water from Nuh Block was estimated to be 2398.49 ha-m. The 

total water availability for irrigation from canal and 

groundwater resources was estimated to be 22281.63 ha-m. 

The total water availability for irrigation including runoff 

stored water was estimated to be 24680.12 ha-m. There is a 

great uncertainty in measurement of seepage losses from 

canals due to a large number of factors (Martin, 2015). Any 

estimation can only be near to the measured one but not the 

exactly same (Alam, and Bhutta, 2004, Mishra, et al., 2012) 

despite the utmost care taken in measurements. However, in 

absence of sophisticated instrumentation for measurement of 

all parameters round the year the closest approximation to the 

reality could be worked out for satisfactory assessments. 

(Weller, 1981, Deacon, N.H.G., 1983, Weller and McAteer, 

1993, Murray and Vander Velde. 1992). 

 

 

 

Fig. 1. Location of the study area, the Nuh block of Mewat 

district of the state of Haryana, India. 

 

 

Fig. 2. Estimation of total canal water availability in Nuh block 

during Kharif season, 2008-09, in the Nuh block of Mewat 

district of the state of Haryana, India. 

 

 

 

Fig. 3. Estimation of total canal water availability in Nuh 

block during Rabi season, 2008-09. 

 

 

 

Map is not to the scale 
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Table-1. Estimation of irrigation water volume at head of Nuh branch canal (ha-m) of Mewat district of the state of Haryana, 

India. 

(A) Monsoon (Kharif) Season 

Names of distributaries 

Average  

discharge  

 

(m
3
/s) 

Operating time  

(sec) 

Volume  

at head 

 (‘000 m
3
) 

Volume  

at head  

(ha-m) 

Nuh sub-branch 13.26 3974400 52713.53 5271.35 

Uleta 5.27 5702400 30070.09 3007.01 

Dubalu  1.67 3628800 6076.12 607.61 

Ujina 2.66 2592000 6883.01 688.30 

Kalanjar 1.63 3196800 5201.99 520.20 

Pondiary 0.77 2505600 1938.17 193.82 

Total     102882.91 10288.29 

(B) Non-monsoon (Rabi) Season 

Nuh sub-branch 14.39 7948800 114350.11 11435.01 

Uleta 2.68 3196800 8579.52 857.95 

Dubalu 2.67 5011200 13378.07 1337.81 

Ujina 4.83 5011200 24203.43 2420.34 

Kalanjar 1.46 11059200 16170.39 1617.04 

Pondiary 0.98 2764800 2699.41 269.94 

Total     179380.93 17938.09 

Annual total   282263.84 28226.38 

   

 

Table-4. Annual groundwater balance of the of Nuh block of Mewat district of the state of Haryana, India. 

 

Net  

recharge   

(MCM) 

Net 

 Draft  

(MCM) 

GW  

Balance  

(MCM) 

GW  

Balance  

(ha-m) 

85.38 21.02 64.36 6436 

MCM- Million Cubic Meter 

Table-3. Estimation of total canal water availability (ha-m) in  Nuh branch canal (ha-m) of Mewat district of the state of 

Haryana, India. 

(A) Monsoon (Kharif) Season 

Names of distributaries 

Input in canal/   

volume at  

head  

(‘000 m
3
) 

Seepage  

loss  

(‘000 m
3
) 

Total  

canal  

water  

availability  

(‘000 m
3
) 

Total  

canal  

water  

availability 

(ha-m) 

Nuh sub-branch 52713.53 3130.13 49583.40 4958.34 

Uleta 30070.09 655.30 29414.79 2941.48 

Dubalu  6076.12 117.96 5958.17 595.82 

Ujina 6883.01 175.35 6707.66 670.77 

Kalanjar 5201.99 53.22 5148.77 514.88 
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Pondiary 1938.17 35.25 1902.91 190.29 

Total 102882.91 4167.21 98715.70 9871.57 

(B) Non-monsoon (Rabi) Season 

Nuh sub-branch 114350.11 6838.09 107512.02 10751.20 

Uleta 8579.52 176.33 8403.18 840.32 

Dubalu 13378.07 270.43 13107.64 1310.76 

Ujina 24203.43 649.43 23554.00 2355.40 

Kalanjar 16170.39 163.92 16006.47 1600.65 

Pondiary 2699.41 50.10 2649.31 264.93 

Total 179380.93 8148.31 171232.63 17123.26 

Annual total    26994.83 

 

Table-5. Total existing water resources potential for irrigation in Nuh block of Mewat district of the state of Haryana, India. 

 

Particulars Water  

availability 

Other  

losses 

Actual  

Water 

availability 

Annual canal water availability (ha-m) 26645.30 5329.06 * 21316.23 

Annual groundwater availability (ha-m) 6436.00 5470.60** 965.40 

Total water availability (ha-m) - - 22281.63 

Surface runoff (ha-m) - - 2398.49 

*Other losses in canal irrigation including application losses, 

ET losses and special need, 20 percent of water availability; 

**85 percent salt affected groundwater; unusable for 

irrigation 

 

Table-2. Estimation of seepage losses during conveyance in Nuh branch canal in the district of Mewat, Haryana, India. 

Monsoon (Kharif) Season 

  

Name of 

distributaries Length 

(km) 

Average  

discharge  

(m
3
/s) 

Operating  

time (sec) 

Perimeter 

(m) 

Wetted  

area Χ10⁶  
m

2
 

Seepage  

loss  

coefficient  

(m
3
/s) 

Seepage  

loss  

(‘000 

m
3
) 

Seepage 

loss 

(ha-m) 

Nuh sub-branch 28.55 13.26 3974400 17.30 0.49 1.59 3130.13 313.01 

Uleta 11.35 5.27 5702400 10.91 0.12 0.93 655.30 65.53 

Dubalu  11.17 1.67 3628800 6.15 0.07 0.47 117.96 11.80 

Ujina 14.08 2.66 2592000 7.74 0.11 0.62 175.35 17.54 

Kalanjar 5.90 1.63 3196800 6.06 0.04 0.47 53.22 5.32 

Pondiary 11.19 0.77 2505600 4.18 0.05 0.30 35.25 3.53 

Total 
     

  4167.21 416.72 

Non-Monsoon (Rabi) Season  

Nuh sub-branch 28.55 14.39 7948800 18.02 0.51 1.67 6838.09 683.81 

Uleta 11.35 2.68 3196800 7.78 0.09 0.62 176.33 17.63 

Dubalu 11.17 2.67 5011200 7.76 0.09 0.62 270.43 27.04 

Ujina 14.08 4.83 5011200 10.44 0.15 0.88 649.43 64.94 

Kalanjar 5.90 1.46 11059200 5.74 0.03 0.44 163.92 16.39 

Pondiary 11.19 0.98 2764800 4.69 0.05 0.35 50.10 5.01 

Total 
     

  8148.31 814.83 



 

Seepage Losses Assessment in Water Conveyance System of Nuh Branch Canal Network in Mewat District, Haryana 

State of India 

                                                                                                  15                                                            www.erpublication.org 

ACKNOWLEDGEMENTS 

The first author would like to wish to record their 

sincere appreciation and gratitude to Dr. B. S. Kalra, Principal 

Scientist, Water Technology Centre, IARI, New Delhi and the 

Chairman of his advisory committee suggesting the 

challenging topic for the research work. We are highly obliged 

to Dr. T. B. S. Rajput, Project Director, and a leader in Water 

Science and Technology, P.G. School, I.A.R.I., New Delhi for 

his  valuable suggestions and constant encouragement during 

the course of research. We are highly grateful to Shri. R. A. 

Giri for help rendered in measurements of the canal seepage 

and related field works. 

 

REFERENCES 
[1]  WAPDA, Principles and Criteria for Future Development. 

Volume 17. Lower Indus Report, Hunting Technical Service, 

Pakistan (1965) 17.21–17.69.  
[2]  FAO, Crop water requirements. FAO Irrigation and Drainage 

Paper No. 24 (revised, 1977), Food and Agriculture 

Organization of the United Nations (1977) Rome.  

[3]  IIMI, Training Course on Field Calibration of Irrigation Outlets. 

Technical Report. International Irrigation Management 

Institute, Lahore (1996) 120. 76.  

[4]  IWMI (International Water Management Institute)  Innovations 

in groundwater recharge.” IWMI-Tata Water policy briefing, 

No. 1 (2002). 

http://www.iwmi.cgiar.org/waterpolicybriefing/files/wpb01.pdf

. 

[5]  G.B. Singh, Natural resources management for sustainable 

agriculture. In: Singh, G.B. and Sharma, B.R. (Eds.) 50 years of 

Natural Resource Management Research. Division of Natural 

Resource Management. Indian Council of Agricultural 

Research, Krishi Bhavan (1998) New Delhi. 

[6]  V. Krysanova, F. Hattermann, and A. Habeck, Expected 

changes in water resources availability and water quality with 

respect to climate change in Elbe River Basin,” Nordic 

Hydrology (2005) 36 (4-5) : 321-333. 

[7]  T. Shah, Taming the anarchy – groundwater governance in 

South Asia. Resources for the Future Press (2009). 

[8]  Irrigation Commission. Report of the Irrigation Commission 

vol.1, Govt. of India, Ministry of Irrigation and Power (1972) 

New Delhi. 

[9]  B.P. Singh, and R.P. Singh, Cropping and groundwater 

situation in a canal command area-a case study, J. Soil and 

Water Conservation (2004) 3: 80-85. 

[10]   World Bank Deep Wells and Prudence: Towards Pragmatic 

Action for Addressing Groundwater Overexploitation in India 

(2010)  World Bank. 

[11]  H.D. Sharma, and A.S. Chawla, Manual of canal lining. Tech. 

Rep. No. 14, Central Board of Irrigation and Power (1975) New 

Delhi.  

[12]  H.D. Sharma, and A.S. Chawla, Canal seepage with boundary 

of finite depth. J. Hydr. Engrg., ASCE, (1979) 105(7), 877–897.  

[13]  E. Wachyan, and K.R. Rushton, Water losses from irrigation 

canals.‖ J. Hydrol., (1987) 92(3–4), 275–288. 

 [14]  S.P. Malhotra, The warabandi system and its infrastructure, 

Publication no. 157. C.B.I.P. (1982) New Delhi. 

[15]  F. Stephen, F.V. Steenbergen, J. Zuleta, and H.Garduño, 

Sustainable groundwater management contributions to policy 

promotion (World Bank - South Asia Region) Strategic 

Overview Series (2010) Number 2. 

[16]  S.P. Garg, and A.S. Chawla, Seepage from trapezoidal 

channels. J. Hydr. Engrg., ASCE (1970) 96(6), 1261–1282.  

[19]  B.R. Chahar, Analysis of Seepage from Polygon Channels‖ 

Journal of Hydraulic Engineering, .(2007) 133 (4) 451–460. 

[17]   S. Vedula, P.P. Mujumdar, and G.C. Sekhar, Conjunctive use 

modeling for multicrop irrigation. Journal of Agricultural Water 

Management (2005) 73. 

[18]  P.K. Swamee, G.C. Mishra, and B.R. Chahar, Design of 

minimum seepage loss canal sections.‖ J. Irrig. Drain. Eng. 

(2000) 126(1) 28–32. 

[19]  P.K. Swamee, G.C. Mishra, and B.R. Chahar, Design of 

minimum water loss canal sections. J. Hydraul. Res. (2002) 

40(2) 215–220.  

 [20]  H.J. Morel-Seytoux, Domain variations in channel seepage 

flow. J. Hydr. Engrg., ASCE, (1964) 90(2) 55–79.  

[21]  V.T. Chow, Open channel hydraulics (1973)  McGraw-Hill, 

New York.  

[22]  E. Wachyan, and K.R. Rushton, Water losses from irrigation 

canals.’’ J. Hydrol., Amsterdam, (1987) 92(3–4) 275–288.  

[23]  P. Dukker, M.N. Bhutta, P. Roos, I. Javed, Seepage Losses from 

Lower Gugera Branch Canal, Punjab, Pakistan. IWASRI, 

Publication No. 134. Lahore (1994) 24–25.  

[24]   S.Foster, and N.K. Choudhary, Lucknow city – India: 

groundwater resource use & strategic planning needs. 

GW-MATE Case Profile Collection No. 23, (2009) World 

Bank. www.worldbank.org/gwmate. 

[25]  R. Aggrawal, S. Kaur, and D. Juyal, Micro level assessment of 

water resources in Bist Doab Tract of Indian Punjab. Journal of 

Water Management, (2009) 46 (2): 33-39. 

[26]  V.M. Chowdary, D. Ramakrishnan,   Y.K. Srivastava, V. 

Chandran, and A. Jeyaram, Integrated water resource 

development plan for sustainable management of Mayurakshi 

watershed, India using remote sensing and GIS. Water 

Resources Management (2009) 23 (8): 1581-1602. 

[27]  T. Shah, Decentralized water harvesting and groundwater 

recharge: Can these save Saurashtra and Kutch from 

desiccation?” IWMI-Tata Water Policy Program, (2003) 

Colombo, Sri Lanka. 

[28]  T. Shah, O.P. Singh, and A.Mukherjee, Groundwater irrigation 

and South Asian agriculture: Empirical analyses from a 

large-scale survey of India, Pakistan, Nepal Terai, and 

Bangladesh (2004). 

[29]  J. Nikbakht, Optimum conjunctive use of surface water and 

groundwater in condition of water qualitative and quantitative 

limitation for producing maximum crop yield, Doctoral Thesis, 

University of Tarbiat Mo-darres, Tehran, (2006) Iran, 

[30]  H. Bouwer, Variable head technique for seeepage meters, J. 

Irrigat. Drain. Div., ASCE, No. IRI, Proc. Paper 2775 (1961) 

31–44.  

31]  H. Bouwer and R.C. Rice, Salt penetration technique for 

seepage measurement, J. Irrig. Drain. Div., ASCE, (1968) 94 

(IR4) Proc. Paper 6304, December, 1968, pp. 481–492.  

[32]  J.A. WellerEstimation of Errors in Canal Seepage. Report No. 

OD 25. Hydraulics Research (1981) Wallingford, UK.  

[33]  M.E. Harr, Groundwater and seepage. McGraw-Hill, New 

York. Measurement of seepage losses from canals. (1980) IS: 

9452 (part I& II), Indian Standard Code of Practice, Indian 

Bureau of Standard. New Delhi.  

[34]  N.H.G. Deacon, Investigation of the technique of canal seepage 

measurement by current metering–analysis of field data from the 

Punjab, India. Technical Note OD/TN4, Hydraulics Research, 

(1983) Wallingford, UK.  

[35]  M.M. Alam and M.N. Bhutta Comparative evaluation of canal 

seepage investigation techniques Agricultural Water 

Management (2004) 66 : 65–76. 

[36] C.S. Jang, and J.S. Chen, Probabilistic assessment of 

groundwater mixing with surface water for Agricultural 

Utilization, Journal of Hydrology (2009)  378: 188-199. 

doi:10.1016/j.jhydrol.2009.07.028 

[37]  S. Foster, and N.K. Choudhary, Lucknow city – India: 

groundwater resource use & strategic planning needs. 

GW•MATE (2009) Case Profile Collection No. 23, World 

Bank. www.worldbank.org/gwmate. 

[38]  J.A. Weller, P. McAteer, Seepage Measurement Techniques 

and Accuracy. In: Proceedings of the Workshop on Canal 

Lining and Seepage, Lahore (1993) 171–196. 

[39]  S. Foster, H. Garduño. A. Tuinhof and K.Kemper Urban 

wastewater as groundwater recharge-evaluating and managing 

the risks and benefits. (2002-2006) GW•MATE Briefing Note 

Series No. 12, World Bank.www.worldbank.org/gwmate 

[40]  M. Siddique, F.H. Pasha, A.M. Choudhry, Seepage loss 

measurements on Chashma Right Bank Canal. In: Proceedings 

of the Workshop on Canal Lining and Seepage, Lahore, (1993) 

197–218.  

http://www.cera.jccc.in/Search/dbresults3.asp?search=%22V+M+Chowdary%22&AU=AU&Subject=&accType=&SearchType=Quick%20Search%20Results&lateral=on
http://www.cera.jccc.in/Search/dbresults3.asp?search=%22D+Ramakrishnan%22&AU=AU&Subject=&accType=&SearchType=Quick%20Search%20Results&lateral=on
http://www.cera.jccc.in/Search/dbresults3.asp?search=%22Y+K+Srivastava%22&AU=AU&Subject=&accType=&SearchType=Quick%20Search%20Results&lateral=on
http://www.cera.jccc.in/Search/dbresults3.asp?search=%22Vinu+Chandran%22&AU=AU&Subject=&accType=&SearchType=Quick%20Search%20Results&lateral=on
http://www.cera.jccc.in/Search/dbresults3.asp?search=%22A+Jeyaram%22&AU=AU&Subject=&accType=&SearchType=Quick%20Search%20Results&lateral=on


                                                                                

International Journal of Engineering and Technical Research (IJETR) 

ISSN: 2321-0869 (O) 2454-4698 (P), Volume-10, Issue-11, November 2020 

                                                                                                                                                              

www.erpublication.org 

 

[41]  B.A. Shahid, A.S. Shakir, M.A. Bodla, Review of Seepage 

Losses of Unlined and Lined Canals Inside and Outside 

Pakistan (1996)  IWASRI, Pub. No. 167, Lahore, 20–26.  

[42]  G.V. Skogerboe, M. Aslam, M.A. Khan, K. Mehmood, S. 

Mehmood, A.H. Khan, Inflow–outflow Channel Losses and 

Canal Lining Cost-Effectiveness in the Fordwah Eastern 

Sadiqia (South) Project. Report No. R-85. International Water 

Management Institute, Lahore (1999) 3–8.  

[43]  P. V. Manuel, A. Joaquin and S. Andres, Economic 

optimization of conjunctive use of surface water and 

groundwater at the basin scale, Journal of Water Resources 

Planning and Management (2006). 132(6): 

454-467.doi:10.1061/(ASCE)0733-9496(2006)132:6(454) 

44]  B.P. Singh, Optimum allocation of irrigation water among 

distributaries of Eastern Yamuna Canal in Uttar Pradesh, Ph. D. 

thesis Agricultural Economics (unpublished) (2002)  CCS 

University, Meerut U.P. 

[45]  B.S. Kalra, B.P. Singh and A.K. Singh, Irrigation water use 

efficiency in a canal command area. J. Water Management. II: 

(2003)  43-46. 

[46]  M.S. Abulohom, S.M.S. Shah, A.R. Ghumman, Development 

of a rainfall–runoff model, its calibration and validation, Journal 

of Water Resources Management 15 (2001) 149–163. 

[47]  C.K. Folland, T.R. Karl, J.R. Christy, R.A. Clarke, G.V. 

Gruza, J. Jouzel, M.E. Mann, J. Oerlemans, M.J. 

Salinger, and S.W. Wang Observed climate variability 

and change, in Climate Change 2001: The Scientific 

Basis—Contribution of Working Group I to the Third 

Assessment Report of the Intergovernmental Panel on 

Climate Change, Cambridge Univ. Press, New York 

(2001) 99–181.  

[48]  Intergovernmental Panel on Climate Change Climate 

Change 2007: Synthesis report. Working Group I, II and 

III contributions to the Fourth Assessment Report, 

report, Geneva, Switzerland (2007) 104.  (Available at 

http://www.ipcc.ch.)  

[49]  P. Frich, Alexander L.V., Della-Marta P., Gleason, B. 

Haylock, M. Klein, A.M.G. Tank, and T. Peterson, 

Observed coherent changes in climatic extremes during 

the second half of the twentieth century, Clim. Res. 

(2002) 19, 193–212. 
[50]  M.F. Bakry, and A.A.E. Awad,  Practical Estimation of Seepage 

Losses Along Earthen Canals in Egypt. Water Resources 

Management (1997) 11: 197–206. 
[51]  M.A. Bodla, A. Hafeez, M. Tariq, M.R. Chohan and M. Aslam, 

Seepage, equity and economic evaluations for canal lining in 

Fordwah Eastern Sadiqia South Project, IWASRI, Publication 

No. 204, IWASRI, Lahore, (1998) 11–48.  

[52]  R.J., Smith and A.K. Turner, Measurement of Seepage from 

Eastern Irrigation Channels. Civil Engineering Transactions, 

Institute of Engineers, Australia, (1982) 338–345.  

[53]  K. Subramanya, M.R. Madhav and G. C. Mishra, Studies on 

seepage from canals with partial lining.’’ J. Hydr. Engrg., 

ASCE, (1973) 99(12), 2333–2351.  

[54]  International Commission on Irrigation and Drainage, World 

Wide Survey,: Controlling Seepage Losses From Irrigation 

Canals, India, (1967), New Delhi. 

[55]  G.S. Dhillon, Estimation of seepage losses from unlined 

channels, Indian J. Power River Valley Development, (1968) 

23–28. 

[56]  B.A. Christensen, Discussion of Flow velocities in pipelines,’ 

by Richard R. Pomeroy. J. Hydr. Engrg., ASCE (1984) 110(10), 

1510–1512.  

[57]  P.K. Swamee, Normal depth equations for irrigation canals. J. 

Irrig. and Drain. Engrg., ASCE, (1994) 120(5), 942–948.  

[58]  P.K. Swamee, Optimal irrigation canal sections.’’ J. Irrig. and 

Drain. Engrg., ASCE, (1995) 121(6) 467–469.  

[59]  J.D. Bredehoeft, and R.A. Young, Conjunctive use of surface 

water and groundwater for irrigated agriculture – risk aversion. 

Water Resources Research (1983) 19 : 1111-1121. 

[60]  S. Foster, T. Albert, K. Karin, G. Hector, and N. Marcella, 

Groundwater management strategies. GWMATE Briefing Note 

3. Sustainable Groundwater Management: Concepts and Tools 

Series. (2002) Online at http://www.worldbank.org/gwmate. 

[61]  S. Foster and H.Garduño, integrated approaches to groundwater 

resource conservation in the Mendoza aquifers of Argentina. 

GW•MATE Case Profile Collection No. 6*, (2006) World 

Bank. www.worldbank.org/gwmate 

[62]  S. Foster, C. Perry, R. Hirata, and H.Garduño, Groundwater 

resource accounting – critical for effective management in a 

changing world. GW-MATE Briefing Note Series No. 16 

(2009) World Bank. www.worldbank.org/gwmate 

[63]  T.Dudley, and A.FultonConjunctive water management: what is 

it? Why consider it? What are the challenges? 1 California 

Department of Water Resources, Northern District, 2440 Main 

Street, Red Bluff, CA 96080, (2005)  (530) 529-7383. 

http://www.glenncountywater.org 

[64]  D.B. Kraatz, Irrigation canal lining. FAO Land and Water 

Development Series No. 1, FAO, Rome, (1977) 18–50.  

[65]  A. R. Kacimov, Seepage optimization for trapezoidal channel.‖ 

J. Irrig. Drain. Eng., (1992) 118(4) 520– 526. 

[66]  M.A. Bodla, A. Hafeez, M. Tariq, M.R. Chohan, M. Aslam, 

Seepage, equity and economic evaluations for canal lining in 

Fordwah Eastern Sadiqia South Project, IWASRI, Publication 

No. 204, IWASRI, Lahore, (1998) 11–48.  

[67]  G.V. Skogerboe, M. Aslam, M.A. Khan, K. Mehmood, S. 

Mehmood, A.H. Khan, Inflow–outflow Channel Losses and 

Canal Lining Cost-Effectiveness in the Fordwah Eastern 

Sadiqia (South) Project. Report No. R-85. International Water 

Management Institute, Lahore, June (1999) 3–8.  

[68]  N.E. Zhukovsky, The percolation of water through dams. NKZ 

(Experimental Melioration Section), Publ. No. 30 (1930). 

[69]  L. Upmanu, Yield model for screening surface and groundwater 

development, Journal of Water Resources Planning and 

Management 1995 121(1): 9- 22. 

doi:10.1061/(ASCE)0733-9496 (1995)121:1(9) 

[70]  A.T. Wolde-Kirkos, and A.S. Chawla, Seepage from canal to 

asymmetric drainage.’’ J. Irrig. and Drain. Engrg., ASCE, 

(1994) 120(5), 949–956. 

[71]  WAPDA, Principles and Criteria for Future Development. 

Volume 17. Lower Indus Report, Hunting Technical Service, 

Pakistan, (1965) 17.21–17.69.  

 [72]  USBR, Upper Deschutes River Basin Water Conservation 

Project Canal Lining Demonstration project, description and 

cost estimate. In: Proceedings of the Workshop on Canal Lining 

and Seepage, Lahore, Pakistan, October 18–21, (1993) 47–80.  

[73]  C. Burt, S. Orvis, and N. Alexander, Canal Seepage Reduction 

by Soil Compaction.” J. Irrig. Drain Eng. (2010) 136(7), 

479–485. 

[74]  NAIP, ICAR, NAIP consortium project on conservation 

launched in Mewat with  HAU, NCAP, IARI, CIRG and 

PACA.  Conservation Agriculture Newsletter (2009)  1: 10- 11.  

[75]  R. Kaur, P.S. Minhas, P.C. Jain, P. Singh, and D.S. Dubey, 

Geo-spatial analysis of land-water resources degradation in two 

economically contrasting agricultural regions adjoining national 

capital territory (Delhi). Environment Monitoring Assessment 

(2009)  154: 65-83.  

[76]  S.A. Khan, Ground water information booklet, Mewat district,  

 Haryana, CGWB, (2007).  

www.cgwb.gov.in/District_Profile/Haryana/Mewat.pdf 

[77]  A.K. Mishra, B.P. Singh, and R.K. Sharma, Influence of canal 

water distribution system on water productivity of selected 

kharif crops in distributaries of Eastern Yamuna Canal (EYC) 

command area. Recent Research in Science and Technology 

(2012) 4(11): 01-11. 

[78]  A. Sahuquillo, Conjunctive use of surface water and 

groundwater. (in) UNESCO Encyclopedia of Life-Support 

Systems, ed. Silveira L, Chapter 2.9. EOLSS Publishers (2002). 

[79]  J. Scibek, D.M. Allen, A.J. Cannon, and P.H. Whitfield, 

Groundwater-surface water interaction under scenarios of 

climate change using a high resolution transient groundwater 

model. Journal of Hydrology (2007) 333: 165-181. 

doi:10.1016/j.jhydrol.2006.08.005 

[80]  S.N. Panda, S.D. Khepar and M.P. Kaushar, Interseasonal 

irrigation system planning for waterlogged sodic soils. Journal 

of Irrigation and Drainage Engineering (1996) 122: 135-144.  

[81]  E. Akkuzu,  Usefulness of Empirical Equations in Assessing 

Canal Losses through Seepage in Concrete-Lined Canal. J. 

Irrig. Drain Eng., (2012) 

10.1061/(ASCE)IR.1943-4774.0000414, 455-460 

http://www.ipcc.ch/
http://www.cgwb.gov.in/District_Profile/Haryana/Mewat.pdf


 

Seepage Losses Assessment in Water Conveyance System of Nuh Branch Canal Network in Mewat District, Haryana 

State of India 

                                                                                                  17                                                            www.erpublication.org 

[82]  R.H. Murray and E.V. Velde, Conjunctive use of canal and 

groundwater in Punjab, Pakistan: management and policy 

options. Advancements in IIMI’s Research. A Selection of 

papers presented at the Internal Program Review. Colombo, Sri 

Lanka: International Irrigation Management Institute. Paper 

presented at IWMITata Annual Partners’ Meeting, Anand, 

India, (1992)  February 17-19. 

[83]  R.T. Hanson, L.E. Flint, A.L. Flint, M.D. Dettinger, C.C. Faunt, 

D. Cayan, and W. Schmid, A method for physically based 

model analysis of conjunctive use in response to potential 

climate changes, Water Resour. Res. (2012)  48, W00L08, 

doi:10.1029/2011WR010774. 

[84]  R. Jha, and V. Smakhtin, A review of methods of hydrological 

estimation at ungauged sites of India (2005)  Working paper, 

130: 49. 

[85]  S. Solomon, R. Alley, J. Gregory, P. Lemke, and M. 

Manning, A closer look at the IPCC report. Science 

(2008)  319 (5862), 409-410.  
[86]  N.K. Tyagi, A. Shrinivasulu, A. Kumar, and K.C.  Tyagi, 

Modeling of conjunctive use of water resources. Hydraulics and 

economic evolution. Bulletien No. 6/50 Central Soil Salinity 

Research Institute, Karnal, India, (1995) 43. 

[87]  P.D. Jones, and M.Hulme, Calculating regional climatic 

time series for temperature and precipitation: Methods 

and illustrations. International Journal of Climatology, 

(1996) 16, 361-377.  

[88]  G.A. Meehl and  C. Tebaldi, More intense, more 

frequent, and longer lasting heat waves in the 21st 

century. Science (2004) 305(5686), 994-997. NIMET. 

(2011). Daily Meteorological Variables.  

[89]  G.A. Meehl, T.F. Stocker, W.D. Collins, P. 

Freidlingstein, A.T. Gaye, (2007). Global Climate 

Projections. Climate change: the physical science basis 

Contribution of working group I to the fourth assessment 

report of the Intergovernmental Panel on Climate 

Change. 2007, Cambridge.  

[90]  B. Montfraix, Observed trends in indices of daily and 

extreme temperature and precipitation for the countries 

of the western Indian Ocean, 1961-2008. Journal of 

Geophysical Research-Atmospheres, (2011) 116.doi: 

D1010810.1029/2010jd015303  

 [91]  R.W. Carter, Accuracy of current meter measurement. In: 

Proceedings of the International Symposium of 

Hydrometery, UNESCO (1970) Kolblenz, Germany.  
[92] C. Belaineh, R.C. Peralta, and T.C. Hughes, 

Simulation/optimization modeling for water resources 

management, Journal of Water Resources Planning and 

Management (1990)125 (3):154-161. 

doi:10.1061/(ASCE)0733-9496(1999)125:3(154) 

[93]  T. Klein, A. M. G., et al. (2006). Changes in daily 

temperature and precipitation extremes in central and 

South Asia, J. Geophys. Res., 111, D16105, 

doi:10.1029/2005JD006316.  
[94]  K.C. Tyagi, Water management strategies for salinity in 

semiarid environment. Unpub. Ph. D. thesis, Faculty of 

Engineering and Technology, Kurukshetra University, 

Kurukshetra, (1989) 157. 
[95]  R.W. Jeppson, Seepage from ditches— Solution by finite 

differences.‖ J. Hydr. Div., (1968) 94(HY1), 259–283. 

[96]  M. Muskat, Flow of homogeneous fluids through porous media, 

Int. Human Resources Development Corporation, (1982) 

Boston. 

[97]  R. Goyal, and A.S. Chawla, Seepage from trapezoidal channels. 

J. Irrig. Drain. Eng. (1997) 123(4), 257–263.  

[98]  L.A. Vincent, E. Aguilar, M. Saindou, A.F. Hassane, G. 

Jumaux, D. Roy, S. Kolupaila, Discussion on Accuracy of 

Current Meter Measurements. J. Hydraul. Div., ASAE (1964) 

90 (HY1), 352–355.  

 [99]  C.A. Martin, Uncertainty in measuring seepage from earthen 

irrigation canals using the inflow-outflow method and in 

evaluating the effectiveness of polyacrylamide applications for 

seepage reduction. Unpublished. M.S. thesis, Colorado State 

University, Pub. No. 1590609 (2015)  297.  

[100]  D.B. Kraatz, Irrigation canal lining, Irrigation and Drainage 

Paper, 2 FAO, Rome, (1971). 

[101]  R.W. Carter, Accuracy of current meter measurement. In: 

Proceedings of the International Symposium of Hydrometery, 

UNESCO, September 13–19, (1970) Kolblenz, Germany.  

 [102]  R.P. Vishnoi  and R. Saxena, Determination of seepage losses in 

unlined channels. International Journal of Computer 

Applications (0975 – 8887) National Conference on 

Innovations and Recent Trends in Engineering and Technology 

(NCIRET-2014) (2014) 6.  

[103]  Anonymous, Measurement of seepage losses from canals - code 

of practice, Part 1, Ponding method (First Revision) BIS Indian 

Standards No. UDC 626’82 : 624’131.64 : 532’57 : 006’76, 

(2004) GOI, 6. 

[104]  K.A. Koradiya and R.B. Khasiya Estimate Seepage Losses in 

Irrigation Canal System. Indian Journal of Applied Research 

(2014)  4 (5):  252-255. 

[105]  J.J. Coe, Conjunctive use-advantages, constraints and 

examples, Journal of Irrigation and Drainage Engineering 

(1990) 116 (3): 427-443. 

doi:10.1061/(ASCE)0733-9437(1990)116:3(427) 

[106]  M.S. Ejaz and R.C. Peralta, Maximizing conjunctive use of 

surface and groundwater under surface water quality 

constraints. Advances in Water Resources (1995) 18 (2): 67-75. 

doi:10.1016/0309-1708(95)00004-3 

[107]  M. Karamouz, R. Kerachian, and B.Zahraie, Monthly water 

resources and irrigation planning: case study of conjunctive use 

of surface and groundwater resources, Journal of Irrigation and 

Drainage Engineering (2004) 130(5): 391-402. 

doi:10.1061/(ASCE)0733-9437(2004)130:5(391) 

[108]   C.S. Jang, and J.S. Chen, Probabilistic assessment of 

groundwater mixing with surface water for Agricultural 

Utilization, Journal of Hydrology (2009) 378: 

188-199.doi:10.1016/j.jhydrol.2009.07.028 

[109]  M. Hosein, M.M. Mohammadi, and M.Parsinejad, Conjunctive 

use modeling of groundwater and surface Water Journal of 

Water Resource and Protection (2011) 3, 726-734 

doi:10.4236/jwarp.2011.310083 Published Online October 

2011, (http://www.SciRP.org/journal/jwarp) 

[110]  R.T. Hanson, L.E. Flint, A.L. Flint, M.D. Dettinger, C.C. Faunt, 

D. Cayan, and W. Schmid, A method for physically based 

model analysis of conjunctive use in response to potential 

climate changes, Water Resour. Res. (2012) 48, W00L08, 

doi:10.1029/2011WR010774. 

[111]  P.K. Swamee, G.C. Mishra, and B.R. Chahar, Design of 

minimum seepage loss canal sections with drainage layer at 

shallow depth. J. Irrig. Drain. (2001).  Eng., 127 (5)  287–294. 

[112]  M.M. Alam, M.N. Bhutta, Agricultural Water Management 66 

(2004) 65–76.  

[113]  J.Yangchan, V. Kumar, M.J. Kaledhonkar and M.Kothari, 

Water balance approach to assess water availability for 

irrigation. Journal of Water Management, (2006). 14 (2): 79-91. 

[114]  J.N. Chistopher, Comments on canal seepage measuring and 

estimating procedures. In: Proceedings of the World Bank 

Seminar, Washington, USA, (1981) 1–10. 

[115]  M.N. Azaiez, and M. Hariga, A single-period model for 

conjunctive use of ground and surface water under severe 

overdrafts and water deficit, European Journal of Operational 

Research (2001) 133 (3): 653- 666. 

doi:10.1016/S0377-2217(00)00212-5 

[116]  USBR, Upper Deschutes River Basin Water Conservation 

Project Canal Lining Demonstration project, description and 

cost estimate. In: Proceedings of the Workshop on Canal Lining 

and Seepage, Lahore, Pakistan (1993) 47–80.  

[117]  W. Blomquist, T. Heikkila, and E. Schlager, Institutions and 

conjunctive water management among three western states. 

Natural Resources Journal (2001). 41(3): 653-84. 

[118]  S. Buechler, and G.M. Devi, The impact of water conservation 

and reuse on the household economy” proceedings of the eighth 

international conference on water conservation and reuse of 

wastewater, Mumbai, (2003) September 13-14. 

 



                                                                                

International Journal of Engineering and Technical Research (IJETR) 

ISSN: 2321-0869 (O) 2454-4698 (P), Volume-10, Issue-11, November 2020 

                                                                                                                                                              

www.erpublication.org 

 

R. S. Maitry 

Mr. R. S. Maitry was a student of M.Sc. Water Sciences and Technology at 

the prestigious Water Technology Centre of Indian Agricultural research 

Institute New Delhi. He undertook the task of working on the canal 

management in the one of the most backward districts of Haryana State of 

India which also boasts of having one of the most modern and technological 

savvy districts of the country namely Gurugram. During the course of 

investigation Mr. Maitry came across many problems especially irrigation 

oriented by the poor farmers of the region and he could establish the main 

reasons of their poor productivities as well as poverty.  Currently, R. S. Maitry 

is guiding students and aspirants of the civil services examination and other 

competitive exams. 

 

A. K. Mishra 

Dr. A. K. Mishra is currently working as a Principal Scientist ( Soil and 

Water Conservation Engineering) at the Water Technology Centre, ICAR- 

Indian Agricultural Research Institute, New Delhi -110012 (India). He was a 

member of the advisory committee of the student namely R.S. Maitry and 

guided him on technological aspects of canal efficiencies. Dr. Mishra is a 

highly accomplished author, researcher and teacher who has helped in 

shaping the careers of scores of the students in the Division of Agricultural 

Engineering as well as Water Sciences and Technology. He has published 

extensively in the journals of National and International repute. He is a faculty 

of the Division of Agricultural Engineering. He has more than 150 

publications to his credit. He is fellow of many learned societies and 

Chairman of ISAE ( Delhi Chapter). He is a fellow of the Institution of 

Engineers India. He has authored more than 5 books for students. He has 

guided a large number of M.Tech. and Ph. D. Scholars in the major area of 

specialization of Agricultural Engineering, Soil and Water Conservation 

Engineering. 

 

 

B. S. Kalra 

Dr. B. S. Kalra retired as a Principal Scientist (Agricultural Economics 

from the Water Technology Centre, ICAR- Indian Agricultural Research 

Institute, New Delhi -110012 (India). Dr. Kalra had contributed immensely in 

the area of farm economics, farm management, agricultural wages and prices, 

micro-finance, and irrigation economics. Dr. B. S. Kalra was the Chairman of 

the advisory committee of the student namely R.S. Maitry and guided him on 

economic aspects of canal operations and management. Dr. Kalra has 

published extensively in his area of specialization, guided a large number of 

research scholars and published many books and monographs. 

 

R. K. Sharma 

Dr. R. K. Sharma retired as Professor, Water Science and Technology at 

the Water Technology Centre, ICAR- Indian Agricultural Research Institute, 

New Delhi -110012 (India). He has a vast experience of teaching and guiding 

students. He has published more than 100 research papers and guided more 

than 10 M.Sc. and Ph. D. students. 

 

A. Sarangi 

Dr. A. Sarangi is a Principal Scientist, Water Technology Centre, ICAR- 

Indian Agricultural Research Institute, New Delhi -110012 (India). He is an 

accomplished author who has published in highly reputed journals for more 

than 100 quality research papers. Dr. Sarangi has guided more than 20 M. 

Tech. and Ph.D.  Scholars in varied areas of soil and water Conservtion 

engineering.  

 

R. N. Sahoo 

Dr. R. N. Sahoo is a Principal Scientist, Division of Agril. Physics, ICAR- 

Indian Agricultural Research Institute, New Delhi -110012 (India). Dr. Sahoo 

has contributed highly significantly in the area of Remote sensing 

applications in agriculture. Dr. Sahoo has published in many reputed journals 

and guided scores of the M.Sc. and Ph. D. research students in his area of 

specialization. Also, as a minor member of several students’ advisory 

committees, Dr. Sahoo has contributed in shaping up the careers of more than 

50 research scholars.  

 

Bir Pal Singh 

Dr. Bir Pal Singh retired as a Chief Technical Officer (Retd.), Water 

Technology Centre, ICAR- Indian Agricultural Research Institute, New 

Delhi. He is  a highly skilled and trained technical person in the areas of 

irrigation economics, farm management and agricultural economics. 

 

 

 


