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Summary 

This report provides a comprehensive overview of the activities and their findings targeted to achieve the 

objectives of the project entitled, "Root Zone Salinity Management Using Fractional Skimming Wells With 

Pressurized Irrigation". 

 

In the Indus Basin, the natural groundwater is deep and saline because of the marine origin of the hydro-

geologic formation. Percolation of irrigation and rainfall waters has formed fresh groundwater lens in 

many locations above the underlying saline groundwater layer. The thickness of this fresh groundwater 

lens varies from a few meters to more than 150 m. In general the fresh groundwater areas are found 

close to the rivers, and saline groundwater areas in the central and lower regions of the doabs –area 

enclosed between two rivers. In fresh groundwater areas, the fresh groundwater lenses are thick, usually 

greater than 38 meters. In saline groundwater areas, the thickness of fresh groundwater lenses is thin 

(i.e., less than or equal to 38 meters). 

 

According to an estimate, saline groundwater areas occupy more than 30 percent of the Indus Basin, 

mainly in Punjab and Sindh. About 22 percent of the Indus Basin in Punjab, and 78 percent in Sindh are 

classified as saline groundwater areas. In saline groundwater areas of the Indus Basin, it has estimated 

that nearly 197 BCM of fresh groundwater has accumulated in the form of a thin lens over saline 

groundwater layer, and over 20 BCM of fresh groundwater is being recharged annually to these saline 

groundwater areas. These are the areas where exploitation and application of groundwater by using the 

traditional means is either not feasible or there is a serious concern that the ongoing practices will render 

the thin-layered fresh groundwater unusable in the very near future. 

 

Since the inception of the Salinity Control and Reclamation Projects (SCARP) in the 1960s, which 

implemented deep tubewells having single-strainer approximately from 30m to 75m, the utilization of 

groundwater for irrigation has grown rapidly. Farmers indigenized this technology as a single-strainer 

shallow tubewells in fresh groundwater areas, and small bore multi-strainer shallow tubewells, referred to 

as farmers‘ skimming wells, in saline groundwater areas of Punjab and Sindh. Skimming well is a multi-

strainer tubewell penetrated partially but vertically into the unconfined aquifer underlain by saline 

groundwater layer. A large number of wells have already been abandoned due to poor water quality. 

Actually, saline groundwater upconing (i.e., upward movement of saline groundwater in an unconfined 

aquifer having fresh groundwater lens underlain by saline groundwater layer) occurs while extracting 

these thin lenses of fresh groundwater from such aquifers. Properly designed and operated skimming 

wells will be of great help to farmers in their search for adequate water resources. 
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However, the past research on skimming wells, which was mainly conducted during the 1970s at the 

Mona Reclamation Experimental Project (MREP), found that often a safe yield of only 3 – 6 l/s could be 

obtained from these aquifers. But, farmers require a minimum discharge of about 28 l/s to irrigate their 

fields using surface irrigation methods. Therefore, the small discharges of such wells cannot be efficiently 

applied on surface irrigated croplands. However, pressurized irrigation application systems use small 

discharge effectively, but the cost and availability of equipment in the local market is a significant 

constraint. Furthermore, the quality of skimmed groundwater is relatively fresh when compared with the 

quality of groundwater pumped by using conventional tube wells technology, but still its quality remains 

relatively saline as compared to canal water. Resultantly, in agricultural areas irrigated with skimmed 

groundwater, root zone salinity is expected to increase, particularly in the absence of proper salinity 

management practices. 

 

To address these issues, International Water Management Institute (IWMI), Water Resource Research 

Institute (WRRI) of National Agricultural Research Centre (NARC), and Mona Reclamation Experimental 

Project (MREP) of Water and Power Development Authority (WAPDA) collaborated to undertake an 

applied research Project on Root Zone Salinity Management Using Fractional Skimming Wells with 

Pressurized Irrigation. This project, which started in March 1999, and concluded in June 2003, was 

funded under the Research Sub-Component of the National Drainage Program (NDP). 

 

The premise of this study was that the skimming wells installed and operated by farmers often encounter 

problems of deteriorating water quality and reduction in discharges. These problems are the results of 

inadequate designs and poor operational strategies followed by farmers. Furthermore skimmed 

groundwater use is undertaken without full awareness of the hazard represented by its quality, which is 

causing serious soil salinity problems. Therefore the design and management strategies for skimming 

wells need to be revisited and improved. In this study, the existing design and operational strategies of 

skimming wells in the Chaj doab area of Pakistani Punjab are evaluated using transient modeling 

approach. Based on modeling simulations, the following conclusions can be drawn: 

 

 The GIS based temporal and spatial analysis of deep groundwater quality provided information of 

potential locations to develop skimming wells to pump shallow fresh groundwater. This will be 

having higher impact on the control of water table depth and management of root zone salinity, 

rather than pumping saline groundwater from deeper depths.  

 The PRA techniques helped in sharing information regarding the performance, practices and 

constraints with farmers‘ skimming wells. Group discussions with farmers gave them confidence 
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and many information were shared during these group discussions, which farmers were reluctant 

to share during individual talks. Moreover, arranged group meetings proved more effective than 

surprise visits to farmers. The quality of groundwater is a function of depth and farmers are well 

aware of this fact. 

 The PRA results also showed that farmers were more interested in quantity of the water rather 

than the quality and their well design was influence by this factor. As a consequence, the 

skimming wells were not performing their operation economically. The decision regarding the well 

design lies with the farmer and he picks one of the design options provided by the local driller. 

While giving the options, the local driller has his own business interest. Both the farmers and 

drillers are the target group to enhance their technical knowledge. Any training program to 

enhance the technical knowledge must involve both the farmers and drillers.  

 A wide variation in farmers‘ skimming well design indicated the absence design codes for 

farmers‘ skimming wells. There is an imperative need to define the design and operational 

parameters of the skimming wells on the bases of hydro-geological environment of the area. The 

PRA helped in solving the problems with farmers‘ skimming wells. The systematic and step-by-

step approach helped in developing methodology to under take technical research in farmer‘s 

friendly way. Moreover, the technical intervention with farmers‘ participation improved the 

skimming well technology. The results of these methods showed that farmers own the outcome of 

such research. 

 The farmer‘s present practices regarding design, operation and use of skimmed groundwater are 

not consistent with the hydro-geological conditions prevailing in the study area. The continuation 

of these practices could lead to serious land and aquifer degradation problems that can threaten 

the long-term sustainability of irrigated agriculture in this area. 

 The critical discharge rate is not an appropriate criterion in using skimming wells to pump fresh 

groundwater lenses. Various factors such as water salinity in the aquifer, the tolerable limits of 

salinity of pumped water, and economics of the operation must be taken into account while 

making a decision regarding the design and the operational management strategies of 

conventional skimming wells. Furthermore, the rate of recharge (due to deep percolation from 

irrigation application, canal seepage, and rainfall) is also an important parameter that effects the 

operational management strategies of conventional skimming wells installed in the shallow fresh 

groundwater aquifers underlain by salty groundwater. 

 Daily operational hours impacts significantly on the quality and quantity of pumped groundwater. 

From field observations, a skimming well having 1.5m horizontal distance from suction point of 

four to six strainers with 60% well penetration ratio can be operated intermittently for 4-6 h/d 

under drought conditions. This will be cost-effective and the application of pumped water will also 
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be less harmful to soil and crop. However, while making a decision regarding the design and the 

operational management strategies of skimming wells, various factors such as water salinity in 

the aquifer, the tolerable limits of salinity of pumped water, and economics of the installation and 

operation, must be taken into account. 

 The multi-level sampling well is cost effective, easy to install and operate. The sampling well 

works well in unconsolidated cohesion less sand, which collapse around the tubes once the 

casing has been removed. The observation well is suitable only for areas where the water table is 

shallow enough to allow sampling with a suction device. The suction bottles allow collecting water 

samples free of contamination as a separate bottle is used for each tube. 

 The number of strainers for skimming wells can be reduced to 6 from 22 without compromising on 

discharge rates. This will reduce the initial installation costs as well as energy consumption for 

their operation. Under the hydro-geological conditions prevailing in the area, the discharges of 

skimming wells should not be more than 8 l/s and they should not be operated for more than 4–6 

hours per day to avoid deterioration of pumped water quality and reduction in discharge. 

Skimming wells should mainly be used for supplemented irrigation rather than full-scale irrigation 

with surface irrigation methods. Due to low discharges of skimming wells, pressurized irrigation 

methods should be preferred for irrigating field crops with the skimmed water.  

 In irrigated areas, the fields have formal settings (mainly rectangular with one acre length), and to 

overcome this limitation, the Py1-30 raingun was used in several settings while designing the 

systems to cover the whole field. Although, this raingun cost-effectively (including capital, repair 

and maintenance, and operational costs) be used in the irrigated agricultural areas too, but its 

use may present some operational difficulties while covering the whole field in one setting. 

Therefore, the manufacturing of Py1-40 was made possible with the help of MECO – Lahore-based 

local manufacturer of raingun sprinkler systems, and the performance of this raingun was tested 

in the field under this project, which indicated the use of Py1-40 was also economical feasible, 

technically attractive and operational friendly to suite the local field settings of the irrigated 

agricultural areas. 

 The timing of irrigation is the most important factor when irrigation management includes salinity 

considerations, and the use of evaporation pan may help the common farmers to identifying the 

timing of irrigation. In this project, modifications have been made in the Class A evaporation pan 

to make it is simple to use, but additional fieldwork is needed to generalize its use for different 

crops grown under different agro-climatic conditions. 

 The application efficiency of alternate and regular furrows was 55 and 38%, respectively. The 

water use efficiency obtained from alternate and regular furrows were 1.70 and 1.10 kg, m
-3

 

respectively. Alternate furrows require less water input per irrigation and reduces the pumping 
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cost without reducing crop yield significantly. The salinity in the root zone increases with the 

application of skimmed groundwater. However, with the application of the same quality skimmed 

water, the soil salinity in alternate furrows was relatively less than regular furrows most probably 

due to the less application of skimmed water. 

 To sustain crop production, reduce soil salinity hazard and prevent aquifer degradation, well 

discharge of 8 l/s with 2 hours per day operation after every week will be the best management 

strategy for this area. By adopting this strategy long-term availability of groundwater of acceptable 

quality can be ensured, which is an essential element for sustaining crop production. Weekly 

operational schedule of skimming wells is in concurrence with the existing 7 days canal water 

distribution cycle therefore it will be much more practical for farmers to adopt this schedule. This 

schedule can maintain near optimal crop yields without compromising on environmental 

sustainability. 

 

It is recommended to: 

 There is a need to conduct a comprehensive evaluation of existing practices for the installations 

and operation of skimming wells in saline groundwater areas under different hydro-geologic and 

hydro-salinity conditions. This will help in understanding the current situation, identifying gaps in 

the existing knowledge and to refine guidelines for sustainable operation of skimming wells in the 

Indus Basin. 

 Skimming wells are only appropriate in saline groundwater areas with thin (i.e., less than 30m) 

and shallow, relatively fresh, groundwater lenses. Therefore, areas of the basin where skimming 

well technologies are appropriate must be delineated to enable targeted application to improve 

livelihoods of the rural farmers through contribution to agricultural development. 

 Additionally, for maintaining quality of pumped groundwater in irrigated agricultural areas under 

semi-arid environment of Pakistan, it is necessary to understand the interactions (vertical and 

lateral recycling of salts) between surface and groundwater resources resulting from different 

recharge and discharge regimes at basin level. Therefore, computer simulations should be 

carried out to evaluate environmental sustainability and long-term availability of groundwater 

resources. 

 For developing generalized guidelines regarding design parameters and operational management 

strategies, it is recommended to simulate skimming wells under different initial conditions, 

hydrogeology, fresh lens geometry, and recharge regimes. This study provides methodology and 

modeling tools for such evaluations. 
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 Cost of pumped water decides the operation management strategies; therefore, it is 

recommended to have a cost analysis for illustrating cost-effectiveness of the different 

management alternatives (i.e., number of strainers, length of operating hours). Computer 

simulation study is also recommended to define the design and operational management 

strategies of skimming wells under different hydro-geological and agro-climatic conditions. 

 The hydraulic performance of locally manufactured raingun sprinkler systems is comparable with 

the similar imported systems, and they are cost-effective too. The same is true for locally 

manufactured trickle irrigation system. However, further studies should be undertaken to evaluate 

adequacy and suitability of these raingun sprinkler systems for different crops, water availability, 

and energy requirements. Similarly, further studies are also needed to evaluate the trickle 

irrigation system under various irrigation management conditions for optimum production of 

orchards and other valuable crops. 

 Farmers need to adopt better management strategies for the use of available water resources 

(quantity and quality) to overcome problems of land degradation and consequent crop yield 

reductions. Relevant extension agencies should play more active role in educating farmers by 

introducing the research results to the farming communities. 

 In Punjab and the Lower Indus Basin (LIB), the quality of extracted groundwater, even if it is 

skimmed, remained relatively saline compared with the canal water, therefore, investigations 

should be made to evaluate long-term effects of different quality of irrigation waters on crops and 

soil profiles. The results of these modeling studies should be used to prepare guidelines for the 

extension workers and farming community to improve management of different sources of 

irrigation water to halt environmental degradation, and foster crop production. 
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Site Selection Methodology 

INTRODUCTION 

Detailed hydro-geological investigations were carried out while implementing SCARPs in the Chaj Doab. 

These investigations yielded a data set of groundwater quality at different depths of the aquifers (spatial) 

especially in the SCARP-II saline zone. In MREP area, 138 public tubewells, having strainers from 30-35 

m till 60-75 m depth of the aquifer, were installed during the 1970s to help meet the irrigation water 

demand at farm level. The MREP, who was made responsible for operation and maintenance of these 

deep tubewells, continuously monitored the performance of these tubewells as well. Therefore, the 

pumped groundwater quality data (temporal) of these spatially distributed tubewells was also available. 

This data availability served as a basis for site selection using GIS analysis. 

 

The GIS analysis, which was used in classifying different groundwater quality zones, helped in selecting 

fifteen villages (thirteen in MREP area and two in SCARP-II saline zone) that have hydro-geological 

potential for installing and operating skimming wells. In these selected villages, preliminary survey was 

carried out to get information on the farmers‘ willingness to use skimming well technology. Based on the 

GIS analysis and preliminary survey, different sites in six villages (two in SCARP-II saline zone, and four 

in SCARP-II non-saline zone) were selected to carry out the Diagnostic Analysis (DA) for investigating the 

hydro-salinity and hydro-geological conditions of the aquifer. Based on the DA results, four villages for the 

Participatory Rural Appraisal (PRA) to assess farmers‘ practices and perceptions in opting for skimming 

well technologies. The details of GIS analysis, preliminary survey, DA, and PRA results obtained for 

MREP area are given in Volume-II Site Selection Methodology. 

 

GIS ANALYSIS 

The GIS analysis was conducted for identifying areas having hydro-geologic potential for installing and 

operating skimming wells. Four classes of groundwater quality were defined for this analysis. The first 

class having quality of less than 1.0 dS/m represents the fresh groundwater zone, whereas the next class 

having quality ranging between 1.0-1.5 dS/m represent the relatively fresh groundwater zone. The third 

class having quality ranging between 1.5-2.7 dS/m represent the marginal groundwater zone. The quality 

class of more than 2.7 dS/m represents the hazardous groundwater zone. The marginal or hazardous 

groundwater quality zones were anticipated to have fresh groundwater lenses resulting from deep 

percolation of irrigation and rainfall waters. 
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The long-term geo-referenced pumped groundwater quality data collected from 1965 till 1997 by the 

MREP was used for GIS analysis. Figure 4 compares the changes in pumped water quality of deep 

tubewells installed in the MREP area. The distribution pattern for 1997 indicated that 90 tubewells out of 

138 are located in fresh and relatively fresh groundwater zones, which is around 65% of the tubewells in 

the MREP area. The marginal groundwater zones include 37 tubewells out of 138, which represents 

around 27% of the tubewells in the MREP area. There are only 11 tubewells in the hazardous 

groundwater zones, which represents 8% of the tubewells in the MREP area. The comparison of temporal 

data indicated that groundwater quality of tubewells has changed from fresh to relatively fresh 

groundwater quality. Improvements were also observed in marginal groundwater quality tubewells. 

Pumping of groundwater from deeper depths has resulted into redistribution of salinity in the profile. 

 

 

Figure 4. Changes in pumped water quality from 1965 to 1997 of deep tubewells installed in the MREP 

area. 

 

Figure 5 and 6 classify the deep groundwater quality zones in 1965 and 1997, respectively. During the 32 

years of tubewells operations, the fresh groundwater area has reduced by 10.67 percent, whereas 

relatively fresh and marginal groundwater quality areas have increase by 9.43 and 1.29 percent. Figure 6 

also indicates the location of thirteen selected villages that have potential for installing skimming wells in 

the MREP area. In case of SCARP-II saline zone, groundwater quality data at different aquifer depths 

was available (Figure 7 and 8). Figure 9 shows the groundwater quality zones across the SCARP-II saline 

zone. Two villages were selected in groundwater quality zone having fresh groundwater lenses underlain 

by hazardous groundwater quality layers. 



 9 

<1000

1000-2000

>2000

0 10 20 Kilometers

N

EW

S

 

Figure 5. Deep groundwater quality zones in 1965. 
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Figure 6. Deep groundwater quality zones in 1997. 
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Figure 7. Groundwater quality of the 0-15m aquifer depths across the SCARP-II saline zone. 
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Figure 8. Groundwater quality of the 15-30m aquifer depths across the SCARP-II saline zone. 
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Figure 9. Groundwater quality zones across the SCARP-II saline zone. 

 

PRELIMINARY SURVEY 

In the selected fifteen villages based on the GIS analysis, preliminary survey was carried out to get 

information on the farmers‘ willingness to use skimming well technology. This survey involved open 

discussions with the farmers, and the results revealed that the main factors contributing to the popularity 

of skimming wells among farming community in the study area, would include: 

 

 Availability of locally manufactured material, 

 Availability of local expertise for drilling, installation and maintenance, 

 Shallower depths to water table that helps use centrifugal pumping units, 

 Technically simple as compared to other groundwater extractions technologies, and 

 Economics and affordability. 
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DIAGNOSTIC ANALYSIS 

Based on the GIS analysis and preliminary survey, different sites in six villages (two in SCARP-II saline 

zone, and four in SCARP-II non-saline zone) were selected to carry out the Diagnostic Analysis (DA) for 

investigating the hydro-salinity and hydro-geological conditions of the aquifer. The DA used resistivity 

survey, bore logs (till the depth of 75m), and water quality samples from hand pumps and private 

tubewells to investigate hydro-salinity and hydro-geological conditions of the aquifer. These investigations 

did not only verified our hypothesis of anticipating the fresh groundwater lenses overlying the saline 

groundwater, but also helped in estimating the thicknesses of these fresh groundwater lenses, 

groundwater quality at different aquifer depths, and the aquifer composition. 

 

Figure 10 shows the results of resistivity survey conducted at two representative sites in MREP area and 

SCARP-II saline zone. Thin lenses of fresh groundwater exist over the hazardous groundwater layer in 

the SCARP-II saline zone, whereas the situation of groundwater quality in the MREP area presents 

relatively fresh groundwater till 30 m aquifer depth. 
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Figure 10. Resistivity survey results for two sites in the MREP area and SCARP-II saline zone. 

 

Table 7 presents the results of probability analysis of groundwater quality in the six selected villages 

based of the hand pumps water quality samples. The depths of hand pumps in the project area varies 

from 6 to 12 m, and the pumped water quality results indicated that there is ninety percent probability for 

extracting groundwater of 1.62 dS/m. The maximum probability of groundwater quality till 12 m depth is 

SCARP-II saline zone MREP area 



 13 

3.51 dS/m. Table 8 presents the results of probability analysis of groundwater quality in the six selected 

villages based of the private tubewells water quality samples. The depths of private tubewells ranges 

between 15 to 35 m, and there is ninety percent probability for extracting groundwater of 3.32 dS/m. 

However, there is eighty percent probability for extracting groundwater of 1.35 dS/m. 

 

Table 7. Probability of groundwater quality based on the hand pumps water quality analysis. 

Probability (%) Groundwater quality (dS/m) pH 

Minimum 0.36 7.1 

5 0.39 7.1 

10 0.48 7.1 

25 0.65 7.2 

50 0.98 7.3 

75 1.31 7.4 

80 1.43 7.5 

90 1.62 7.5 

95 3.01 7.6 

Maximum 3.51 7.8 

 

Table 8. Probability of groundwater quality based on the private tubewells water quality analysis. 

Probability (%) Groundwater quality (dS/m) pH 

Minimum 0.23 7.1 

5 0.31 7.1 

10 0.45 7.1 

25 0.66 7.2 

50 0.95 7.3 

75 1.31 7.4 

80 1.35 7.5 

90 3.32 7.5 

95 3.33 7.6 

Maximum 4.54 7.9 

 

PARTICIPATORY RURAL APPRAISAL 

Based on the DA results, four villages were selected for the Participatory Rural Appraisal (PRA) to assess 

farmers‘ practices and perceptions in opting for skimming well technologies. A wide range of PRA 

techniques, including semi-structured interviews, trend lines, pie charts, field walks, flow charts, mapping 

and preference ranking, were used (Table 9). Group discussion with farmers helped to get information 

that they were, otherwise, reluctant to share during individual interviews. The main problems identified 

during PRA included deterioration in water quality and reduction in well discharge. The PRA results also 



 14 

showed that there was a wide variation in the design of skimming tubewells, which reflects the absence of 

design code for these wells: 

 

 Depth of well ranges from 9 to 27m (Figure 11), 

 Number of strainers varies from 2 to 26 (Figure 12) and 

 Horizontal distance of strainers from suction point (i.e., from Tee Joint as shown in Figure 13) 

varies from 1.5 to 4.6m. 

  

Table 9. Techniques used for participatory rural appraisal. 

PRA Technique Purpose 

Semi-structured interview To obtain insights into farmers‘ perception, their constraints and 
possible improvements in skimming wells. 

Trend line To identify the months with high water table, peak water demand for 
crops and high skimming well operational hours. 

Pie chart To observe the change in cropping pattern after installation of 
skimming well and percentage contribution of well water.  

Field walk To have more insight into the problems mentioned by farmers and 
help to identify and locate additional problems with the skimming 
wells. 

Flow chart To visualize cause-effect relationship and identify solution to solve 
the problems with farmers‘ skimming wells. 

Mapping To understand the design of skimming wells, spatial distances 
between strainers and length of strainers and blind pipe. 

Preference ranking To identify and prioritize skimming well problems. 

 

 

Figure 11. Variations in depth of farmers‘ skimmming wells. 
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Figure 12. Variations in number of strainers in farmers‘ skimming wells. 

 

Figure 13. Variations in horizontal distance of strainers from suction point in farmers‘ skimming well. 

 

Actually, local farmers are mainly concerned with quantity of pumped water and their well design is highly 

influenced by this factor. Local drillers had a common perception that the well discharge increases with 

the increase in number of strainers, and farmers have to choose one of the design options provided by 

the local drillers, which usually consider profitability rather than considering suitability of their design with 
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the local hydro-geological conditions. It was also a common practice among local drillers to install the 

strainers at varying distances from the suction point. In their perception, if the strainers are installed at the 

same horizontal distances from suction point, they will take the water of each other thereby reducing the 

overall discharge of the tubewell. This was the reason of variable horizontal distance of strainers from 

suction point. 

 

PROJECT SITES 

On the basis of GIS analysis, preliminary survey, DA, and PRA results, several sites were selected, in the 

selected four villages (Figure 14), to carry out different field activities to achieve the project objectives: 

 One site for innovative surface irrigation systems in SCARP-II non-saline zone, 

 Three skimming well sites in SCARP-II non saline zone, 

 Three sites were selected for dugwell source raingun sprinkler systems –all in SCARP-II non-

saline zone, 

 Three sites for round-basin irrigation system for orchards: two in SCARP-II non-saline zone, and 

one in SCARP-II saline zone, 

 Two sites for drip irrigation: one in SCARP-II non-saline zone, and the other one in SCARP-II 

saline zone, and 

 Two sites were selected for skimming well source raingun sprinkler systems: one in SCARP-II 

non-saline zone, and the other one in SCARP-II saline zone. 
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Figure 14 Location of the project sites in the Chaj Doab. 
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Skimming Wells 

INTRODUCTION 

Numerous efforts have previously been made to develop cost-effective and technically feasible 

skimming wells for safe extraction of groundwater from the saline groundwater areas. During the 

1970s, applied research was undertaken at the Mona Reclamation Experimental Project (MREP) on 

skimming wells for pumping shallow fresh water overlying more saline groundwater. This research 

was done in cooperation with Colorado State University, USA. Unfortunately, this technology failed to 

attract farming community living even in the MREP area, simply being expensive, lack of local 

expertise for installation, difficult to operate, and provide insufficient quantity of pumped water for 

irrigating their fields using surface irrigation methods. More importantly, there was less emphasis of 

extracting groundwater, because canal water supplies were considered sufficient for irrigation 

purposes. 

 

Years later, during the late 1990s, when cropping intensities had increased considerably, and drought 

affected the canal water supplies, the local drillers started promoting the idea of small bore multi-

strainer shallow tubewells, referred to as farmers‘ skimming wells in this report, for extracting 

groundwater for irrigation purposes. Farmers‘ skimming well practices, problems and perceptions are 

reported Farmers’ Skimming Well Technologies. However, many of these wells, especially those in 

the saline groundwater areas, are extracting groundwater from inappropriate depths and discharge 

rates, and above all, with inadequate operational schedules (Saeed et al., 2002), resulting in 

deteriorating quality of extracted water. A large number of wells have already been abandoned due to 

poor water quality. Therefore, field trials were conducted to improve the effectiveness of skimming 

wells for helping the farmers in their search for adequate water resources. The details of skimming 

wells‘ related research activities and outcomes are given in Volume-III Skimming Wells. Computer 

simulations were also carried out to generalize findings of skimming wells for different hydro-geologic 

conditions.  

 

FIELD EXPERIMENTS TO IMPROVE THE EFFECTIVENESS OF SKIMMING WELLS 

In SCARP-II non-saline zone, the sixteen-strainer skimming well –the farmer‘s skimming well, was 

observed from June 2000 till December 2001 to monitor its hydraulic performance and hydro-salinity 

behaviours under different pumping regimes. In this well, each strainer had 6.7m of screen length, 

and well penetration ratio was estimated to be equal to 60% of the fresh groundwater lens. Spatial 

arrangements of strainers are shown in Figure 15. For 74% of the days times of observed tubewell 

operations, this well was operated between 2-8 h/d (Figure 16). Figure 17 shows depth to water table 
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behaviour, distribution and amount of rainfall, and changes in pumped water quality from the sixteen-

strainer skimming well. 

 

Figure 15. Spatial arrangements of strainers in 16-strainer skimming well. 

 

Figure 16. Percentages of daily operational hours of a farmers‘ skimming well observed from June 

2000 till December 2001. 
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Figure 17. Depth to water table behavior, distribution and amount of rainfall, and changes in pumped 

water quality from a skimming well. 
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From October 2000 till July 2001, depth to water table declines –less recharge available, and the 

pumped water quality also shows a deteriorating trend. Water quality started improving again after 

July 2001 due to excessive recharge resulting from the monsoon rainfalls. From August 2002 till May 

2003, similar observations on depth to water table behaviour, distribution and amount of rainfall, and 

changes in pumped water quality were found for six-strainer skimming well installed in SCARP-II 

saline zone. Thus, deep percolation from rainfall was an important parameter that improves the 

quality of pumped water from skimming wells installed in the shallow fresh groundwater aquifers 

underlain by saline groundwater. 

 

The effect of daily operational hours on the pumped water quality and discharge rate from the 

sixteen-strainer skimming well is illustrated in Figure 18. This figure presents results of pumped water 

quality, discharge rate and daily operational hours observed during June 2000 till December 2001.  
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Figure 18. Effect of daily operational hours on the pumped water quality and discharge rate. 

The discharge rate of this skimming well was around 28 l/s during the first one hour of operation. After 

next one hour, the discharge rate reduces from 28 l/s to around 26.6 l/s. With the increase in daily 

operational hours from 2 to 12 h/d, the pumped water quality deteriorated three fold, and the 

discharge rate reduced from 26.6 l/s to 19.6 l/s. This equals to 30% reduction in discharge rate when 

compared with the discharge rate obtained during first one hour of well operation. ‗Intermittent 

Pumping‘ is a farm level measure in which the daily operational hours for skimming wells are defined 

when there is less recharge available –for example between October and July as shown in Figure 17. 

For this particular farm, and for farms having similar agro-climatic and hydro-geological conditions, if 

farmer operates skimming well for 4-6 h/d, its pumped water quality will remain between 1.0-1.2 dS/m 

(Figure 18), thereby making skimmed groundwater applications less harmful to soil and crop. 

 

COMPUTER SIMULATIONS TO GENERALIZE FINDINGS OF SKIMMING WELLS 

Processing MODFLOW for Windows
TM

 –PMWIN (Chiang and Kinzelbach, 1996), which is a complete 

simulation system for modeling groundwater flow and transport processes, was used in this study. 

This software is easy to use and maintain. PMWIN uses some of the most popular groundwater flow 

and solute transport models available: MODFLOW (McDonald and Harbough, 1996) and MT3D 

(Zheng, 1990) available. The computer simulations were aimed at identifying the role that the design 

and operational management of skimming well technology play in protecting fresh groundwater 

lenses from mixing with underlying saline groundwater layers. Different hydro-geological conditions, 

which exist in the Chaj Doab in the Indus Basin of Pakistan, were included in computer simulations. 

 

The simulation domain of 89m x 89m in spatial perspective was divided into 23x23 m rows and 

3.9x3.9 m columns, while a simulation domain of 100m in the vertical dimension was divided into nine 

layers of variable thickness to accommodate groundwater quality profile, and to allow for simulation of 

the different well penetration ratios. No flow boundary condition was considered on the sides and the 

bottom boundaries. The top layer was considered unconfined while other layers were considered 

convertible between unconfined and confined depending upon the aquifer hydraulic conditions. The 

multi-strainer skimming well is represented as a single well point in the centre of the simulation 

network. 

 

Asghar et al., (2002) have calibrated the MODFLOW and MT3D models for the hydro-geological and 

hydro-salinity conditions that exist in the Chaj Doab in the Indus Basin of Pakistan. For the 

MODFLOW, the estimated values of horizontal hydraulic conductivity, vertical hydraulic conductivity, 
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and specific yield
1
 of the aquifer are 30 m/day, 20 m/day, and 0.4 (-), respectively. For the MT3D, the 

best-fitted values of the longitudinal, horizontal transverse, and vertical transverse dispersivity
2
 are 

1.89, 0.378, 0.378m, respectively. Effective porosity
3
 is also required by the MT3D to calculate the 

average velocity of the flow through the porous medium. The value of the effective porosity of the 

aquifer is set equal to 0.4 after Kemper et al. (1976). 

 

The initial depth to water table was taken equal to 1.5m. The initial thickness of fresh groundwater 

lenses, for MREP area and SCARP-II saline zone in the Chaj Doab, was considered equal to 30m 

(relatively thick lenses) and 20m (thin lenses), respectively. The effects of discharge rates, pumping 

schedule, well penetration ratio
4
 with respect to the thickness of fresh groundwater lens, and daily 

operational hours on the salinity of pumped water, were studies during the computer simulations. 

 

Simulations results for aquifers having relatively thick lenses of fresh groundwater 

Table 10 gives a summary of runs. A total number of 7 runs were executed for simulating different 

scenarios while considering pumping schedule as daily for all simulation runs. Run 1 was executed as 

the base run. The remaining simulation runs were executed by changing only one parameter in the 

base run. The duration of 15 days, which covers two irrigation cycles
5
, is considered suitable for 

executing PMWIN application runs. 

 

Table 10. Summary of computer simulation runs for aquifers having relatively thick lenses of fresh 

groundwater. 

Run No. Discharge rate (l/s) Well penetration 
ratio (%) 

Daily operating 
hours (h/d) 

Operational 
schedule (d) 

1 14 60 24 1 

2 

3 

10 

18 

60 

60 

24 

24 

1 

1 

                                                      
1
 It is defined as the volume of water that an unconfined aquifer releases from storage per unit surface area of aquifer per unit 

decline in the water table. It is usually reported as a decimal fraction or a percentage. 
2
 It is a characteristic property of the porous medium that describes the spreading of the solute in the medium. When the 

spreading of the solute is in the direction of bulk flow, then it is known as longitudinal dispersivity, whereas, the spreading of 
the solute in the directions (vertical and horizontal) perpendicular to the direction of bulk flow is called as transverse 
dispersivity. 
3
 It is defined as the volume of voids divided by the total volume of soil. It is usually reported as a decimal fraction or a 

percentage. 
4
 Normally, well penetration ratio is taken equal to the depth of well divided by the depth of aquifer from the soil surface. 

However, for the skimming well, the estimation of this ratio is considered appropriate when it is defined with respect to the 
depth of interface between relatively-fresh groundwater lens and underlying saline groundwater layer, rather than the depth of 
aquifer. If this ratio is calculated with reference to the depth of the aquifer, then 60, 67 and 74% correspond to 11.7, 13.0, and 
14.3%, respectively. 
5
 The target area has canal water supplies, which operates on a 7-day interval warabandi  (fixed-turn schedule of canal water 

distribution). 
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5 

14 

14 

67 

74 

24 

24 

1 

1 

6 

7 

14 

14 

60 

60 

8 

12 

1 

1 

 

The discussion on discharge rate is based on runs 1, 2, and 3 (Figure 19). The salinity of pumped 

water is around 1.7 dS/m after 5 days, and does not increase more than 2.6 dS/m during 15 days of 

continuous pumping with 10-18 l/s discharge rate. These runs show that despite the variations in 

salinity of pumped water with discharge rates, the salinity of pumped water is below 2.6 dS/m for 

discharge rates as high as 18 l/s. 

 

Figure 19. Effect of different dischage rates on the salinity of pumped water for aquifers having 

relatively thick lenses of fresh groundwater. 

 

The discussion on well penetration ratio is based on runs 1, 4, and 5 (Figure 20). After 5 days of 

continuous pumping at 14 l/s discharge rate, the interface does not enter the well screen when well 

penetration ratio was 60%. The salinity of pumped water is around 1.3, 1.9, and 2.5 dS/m after 5, 9, 

and 15 days, respectively. However, with a 74% well penetration ratio, the interface enters the well 

screen and salinity of pumped water deteriorates to 3.2 dS/m within 15 days of pumping. 

 

The discussion on daily operational hours is based on runs 1, 6, and 7 (Figure 21). For 8 hours of 

daily operation with 14 l/s discharge rate, the salinity of pumped water remains below 1.1 dS/m for 15 

days of well operation. However, with 12 hours of daily operation, the salinity of pumped water 
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becomes 1.7 dS/m at 15 days of pumping with 14 l/s discharge rate. Whereas, with continuous 

operation of 14 l/s discharge pump, the salinity of pumped water becomes 2.5 dS/m after 15 days of 

pumping from an unconfined aquifer with 30m thickness of fresh groundwater lens, and at 1.5m deep 

water table. 

 

Figure 20. Effect of different well penetration ratios on the salinity of pumped water for aquifers 

having relatively thick lenses of fresh groundwater. 

 

Figure 21. Effect of different daily operational hours on the salinity of pumped water for aquifers 

having relatively thick lenses of fresh groundwater. 
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For aquifers having relatively thick lenses of fresh groundwater, the simulations indicated that a 

skimming well, required to extract groundwater without compromising its quantity (10-18 l/s discharge 

rate) and quality (less than 1.5 dS/m), can be designed with 60% well penetration ratio and operated 

intermittently with less than 8 hours of daily operation. 

 

Simulations results for aquifers having thin lenses of fresh groundwater 

Table 11 gives a list of parameters used in simulation runs for aquifers having thin lenses of fresh 

groundwater. A total number of 10 runs were executed. The objective of these simulations was to 

refine results, obtained from simulations of relatively thick lenses of fresh groundwater, for aquifers 

having thin lenses of fresh groundwater. The salinity pumped water varies in a year cycle (Figure 17), 

therefore, the duration of one year is considered suitable for executing PMWIN application runs. 

 

Table 11. A list of parameters used in simulation runs for aquifers having thin lenses of fresh 

groundwater. 

Parameters Options 

Discharge rate (l/s) 4, 8, 16, 24 

Daily operating hours (h/d) 2, 4, 6, 8 

Operational schedule (d) 1, 7, 14, 21 

 

Figure 22 shows the simulated impact of discharge rate on the quality of pumped water. In these 

simulations, the each pump was operated for two hours after every week. The results indicated that 

the pumps extracting at more than 8 l/s discharge rate deteriorated the quality of pumped water. The 

pumped water quality started shooting up with discharge rates of 16-24 l/s, and crossed the value of 

2.0 dS/m within two months of well operation. However, with discharge rates of 4-8 l/s, it showed the 

increase in salinity of pumped water from 1.5 dS/m to only 1.8 dS/m even after one year of well 

operation. 

 

The effect of daily operational hours on the quality of pumped water is shown in Figure 23. In these 

simulations, the each pump was operated after every week to extract groundwater at 8 l/s discharge 

rate. The results depicted that the saline groundwater upconing remained controlled by restricting the 

daily operational hours not more than 4 h/d. The higher daily operational hours, even following the 

weekly operational schedule, could degrade the fresh groundwater resource resulting from saline 

groundwater upconing. The effect of operational schedule on the quality of pumped water is shown in 

Figure 24. In these simulations, the each pump was operated for two hours to extract groundwater at 

8 l/s discharge rate. Weekly operational schedule helped in improving the salinity of pumped water as 
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compared to daily operational schedule, and this schedule also corresponds with the 7-day interval 

warabandi of canal water. 

 

Figure 22. Effect of different dischage rates on the salinity of pumped water for aquifers having thin 

lenses of fresh groundwater. 

 

Figure 23. Effect of different daily operational hours on the salinity of pumped water for aquifers 

having thin lenses of fresh groundwater. 
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Figure 24. Effect of different operational schedules on the salinity of pumped water for aquifers 

having thin lenses of fresh groundwater. 

 

Keeping in view the results of these simulations, two operational management strategies were 

considered safe for sustaining fresh groundwater resources in aquifers having thin lenses of fresh 

groundwater (Table 12). With discharge rate of 8 l/s, farmers can extract 15 mm of fresh groundwater 

every week by 2 hours of skimming well operation. Using the same discharge rate, they can get more 

water, up to 30 mm, by increasing the daily operational hours to 4 h/d following two weeks of 

operational schedule. 

 

Table 12. Operational management strategies for sustaining fresh groundwater resources in 

aquifers having thin lenses of fresh groundwater. 

Parameters Strategy I Strategy II 

Discharge rate (l/s) 8 8 

Daily operating hours (h/d) 2 4 

Operational schedule (d) 7 14 

Depth of irrigation (mm) 15 30 

 

COST-EFFECTIVENESS OF SKIMMING WELLS 

To maximize cost-effectiveness of skimming well technology, it is necessary to determine the number 

of strainers that are required to pump the desired quantity of groundwater. MREP installed 138 public 

tubewells in the study area to meet irrigation water demand at farm level, and found that a screen 

length of 25m was necessary to extract 28 l/s. Hafeez et al., (1986) also suggested that a multi-

strainer skimming well with a minimum of strainers provided good quality pumped water and was 

easy to operate. Sufi (1999) showed through computer simulations that multi-strainer skimming 

helped in controlling upward movement of saline groundwater during pumping and thereby helped to 

extract better quality groundwater as compared to single-strainer wells. 

 

Two six-strainer skimming well was installed, having control valve on top of each strainer, 

representing different hydro-salinity and hydro-geological conditions existed in SCARP-II non-saline 

and saline zones. The effect of number of strainers on discharge rate was observed on both sites, 

and these observations shows similar findings at both the sites. Figure 25 presents results obtained 

from a skimming well site located in SCARP-II saline zone that have thin lenses of fresh groundwater. 

Initially, the discharge rate was considerably increased with the increase in number of strainers, 
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however there was non-significant increase in discharge rate if the number of strainers was increased 

from 4 to 6. 

 

 

Figure 25. Effect of number of strainers in skimming wells on the discharge rates. 

 

Cost of pumped water decides the operation management strategies, and the need of skimmed 

groundwater is considered only to supplement irrigation requirements. The pumping cost estimates 

have been developed on the basis of diesel oil prices. Farmers use peter engine (diesel) and tractor 

as a prime mover for skimming well operation, and the capital cost of tractor operated skimming wells 

is 60-80% less than the peter engine operated wells. At places where electricity is available, diesel 

used peter engines and tractors may not be used. The use of electric motors for the pumps would 

reduce the operational costs by 40 percent, provided there is a government subsidy on electric 

charges. Otherwise, electricity is becoming more expensive than diesel. 

 

Figure 26 shows the annual cost-effectiveness curves for skimming wells (to extract fresh 

groundwater at 24, 18, 14, and 10 l/s discharge rates) under different operational strategies (12, 8, 

and 4 hours of daily operation). The annual cost (including capital, repair and maintenance, and 

operational costs) increases with the increased quantity of pumped water. For small and medium 

landholders in the study area, the annual groundwater requirement to meet the crop water demands 

in addition to average canal water supplies and rainfall is ranging from 2-5 ha-m. This volume of 

groundwater can economically be pumped, from skimming wells designed to extract groundwater at 

10-18 l/s discharge, by adopting daily operational hours of even less than 4. 
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Figure 26. Cost-effectiveness of skimming wells under different operational strategies. 
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Pressurized Irrigation 

INTRODUCTION 

Pressurized irrigation systems require high initial investment and are energy intensive compared to 

surface irrigation systems. These systems are also complex in operation to meet crop water 

requirement within economical range. Economics of locally manufactured raingun sprinkler irrigation 

systems must be seen from two standpoints. Firstly, these systems and innovative adaptations must 

be cost-effective in the existing framework of the farmers‘ investment capacity in terms of the capital 

investments. Secondly, these systems and innovative adaptations must be cost-effective in terms of 

water and energy efficiency. These two elements were given due consideration while indigenizing the 

raingun sprinkler irrigation system components in Pakistan. In fact there is a need to have trade-off 

between the two objectives of economics to have system fairly cost-effective in capital investment 

and fairly cost-effective in water and energy efficiency. A balance between the two is the approach, 

which will work in Pakistan. Therefore, some modifications, in the designs of pressurized irrigation 

system to suit the socio-economic conditions and physical requirements in Pakistan, are were needed to: 

 

 - Apply water to meet peak crop water requirement, 

 - Maintain application and uniformity efficiencies at a desired level, 

 - Energy and water efficient to keep initial capital and operation cost as low as 

possible,  

 - Simple in operation and maintenance so that farmers can use these systems without 

extensive training. 

 

In addition to the standard pressurized irrigation systems (sprinkler, trickle), farmers are interested to 

improve their existing systems in a phase-wise manner. Thus innovative adaptations have to be 

developed and introduced. One of the most promising adaptations is the hose-fed irrigation system, 

which requires much less energy due to lower pressure requirement compared to sprinkler and trickle 

irrigation systems. Thus the initial capital and operational costs are much lower than the standard 

pressurized irrigation systems. Flexible hose of PVC is used instead of relatively hard and rigid PE 

pipes for laterals, which is easy in handling. Number of laterals is reduced by at least 10-fold. Labour 

is required to move laterals from one-set to the other. The details of pressurized irrigation systems‘ 

related research activities and outcomes are given in Volume-IV Pressurized Irrigation. 
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SUPPORT TO LOCAL MANUFACTURERS OF PRESSURIZED IRRIGATION SYSTEMS 

Under this project, active relationships with Lahore-based manufacturers of pressurized irrigation 

systems –Griffon and MECO, were established. These relationships resulted in feedback on the 

efficiency of systems to improve their quality, and in arranging field visits to get familiar with the 

problems that farmers faced while using their systems. 

 

Sprinkler irrigation system 

Most of the system components of solid-set, hand move and raingun sprinklers have been 

successfully manufactured in Pakistan, except the cost effective aluminum pipes would need to be 

imported or adaptations are needed to suit Pakistani conditions. One of the project collaborating 

institute, Water Resources Research Institute (WRRI) of the National Agricultural Research Centre 

(NARC), Islamabad had already established a working relationship with the MECO Pvt. Ltd. Lahore to 

develop a complete range of raingun sprinkler systems using locally available materials and 

technology in Pakistan. The high-pressure low-density polyethylene pipes with black carbon and UV 

stabilizers, to be used in these raingun sprinkler systems, were produced in collaboration with Griffon 

Pipe Industries, Pvt. Ltd., Lahore. These are available in 13, 25, 31.25, 37.5, 50, 62.5, 75 and 100 

mm diameter, which can be used for pressures up to 120psi. 

 

In general, the mainline and manifolds of raingun sprinkler irrigation systems are buried in the ground 

and hydrants are installed to provide water through flexible laterals for sprinkler irrigation. The 

estimated average installed cost of raingun sprinkler irrigation system in Pakistan is in the range of 

Rs. 12,000-15,000 per acre for a system of at least 5 acres using electric/diesel operated pumping 

systems (Table 13).  

 

Table 13. The costs of different locally manufactured components of raingun sprinkler system. 

Components Cost (Rs) Percentage costs (%) 

Pumping system 3600-4500 30 

Main lines and laterals 7200-9000 60 

Others 1200-1500 10 

 

The cost of portable raingun sprinkler irrigation systems will be much less but difficult to operate due 

to movement of pipelines. However, portable systems will be more economical, where water 

availability supports the use of portable systems. In the saline groundwater areas, the use of portable 
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raingun sprinkler systems is more feasible for supplemental irrigation; even a single irrigation with 

pressurized irrigation systems at planting or critical stages of crop development could double the 

yield. Thus economics of sprinkler irrigation is very attractive. 

 

The recommended systems for various physical, social and economic conditions, especially related to 

rain fed areas, are presented in Table 14. However, in this project, field trials were carried out using 

these locally manufactured (Py1-30) raingun sprinkler systems to evaluate their efficiency and 

suitability within the local field setting of irrigated agricultural croplands. Before the inception of this 

project, the efforts of WRRI and MECO to introduce raingun sprinkler systems in Pakistan were 

mainly concerned to suite the needs of rain fed areas, where there is no formal setting of the fields 

existed. No systematic information was available concerning the use of raingun sprinkler systems in 

the irrigated agricultural areas of the Indus Basin of Pakistan. 

 

Table 14. Recommended (and locally manufactured) raingun sprinkler irrigation systems to suite 

various physical and socio-economic conditions in Pakistan. 

Raingun model Working head (m) Type of prime mover Area of coverage per setting (acres) 

Py1-20 30-40 Electric/Diesel 0.40 

Py1-30  (Old) 30-40 Electric/Diesel 0.64 

Py1-40 (New) 30-45 Electric/Diesel 1.00 

Py1-50  (Old) 40-50 Electric/Diesel 1.40 

Py1-60 50-60 Electric/Diesel 1.83 

Py1-60 50-60 Electric/PTO driven 2.10 

Py1-80 60-70 PTO driven 2.50 

Py1-80 70-80 PTO driven 3.80 

 

In irrigated areas, the fields have formal settings (mainly rectangular with one acre length), and to 

overcome this limitation, the Py1-30 raingun was used in several settings while designing the systems 

to cover the whole field. Although, this raingun cost-effectively (including capital, repair and 

maintenance, and operational costs) be used in the irrigated agricultural areas too, but its use may 

present some operational difficulties while covering the whole field in one setting. Therefore, the 

manufacturing of Py1-40 was made possible with the help of MECO, and the performance of this 

raingun was tested in the field under this project, which indicated the use of Py1-40 was also 

economical feasible, technically attractive and operational friendly to suite the local field settings of 

the irrigated agricultural areas. 
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Trickle irrigation system 

There are number of factors, which must be considered in the selection of an irrigation system. These 

factors, which vary in importance from location to location and crop to crop, include compatibility of 

the system with other agricultural operations, economic factors, topographic limitations, soil properties 

and agronomic influences. With careful consideration of these factors, and others as the particulars 

circumstance dictates, a right type of irrigation system can be selected. The array of available trickle 

irrigation system makes this method of irrigation compatible in almost any situation. For fields planted 

with trees or other perennial crops of similar nature, permanently located systems can operate 

effectively. Vegetables are best irrigated by a system whose parts can be moved away from the 

necessary cultural operations. Standard trickle irrigation systems are not easily moved are, therefore, 

most compatible with trees. It should be noted, however, that trickle irrigation systems are widely 

used in row crops. 

 

Trickle irrigation is a system where water and fertilizer can be applied directly to individual plants, 

instead of irrigating the entire area with sprinkler and surface irrigation systems. For orchards and 

other widely spaced crops, it is accomplished with small diameter laterals running along each plant 

row. Emitters attached to the lateral supply water to each plant to meet crop water requirement. Using 

locally available resources and existing machinery, Griffon Pipe Industries Pvt. Ltd., Lahore also 

manufactures emitters, which include spiral emitters, turbo emitters, and micro tubing to be used in 

trickle irrigation systems. Connections and filters are also locally manufactured. The quality of these 

products is similar to ASTM standards as tested by Plastic Technology Centre, Karachi.  

 

Trickle irrigation systems are high initial investment and energy intensive. But, at the same time, 

these are labour, water and fertilizer efficient. No investment is involved in land levelling, but usually 

there are maintenance requirements that can be more expensive than surface irrigation systems. A 

major economic factor is the utility of the trickle systems in providing a cost-effective means of 

fertilizer and pesticide applications. Cost of trickle irrigation system is minimized when operated 

continuously during the critical demand period. Thus, these systems tend to favour conditions where 

available. Applications tend to be smaller than surface methods, which not only minimize system 

capacity, but also reduces the consequence of shallow or badly stratified soils. 

 

According to an estimate, there are over 500 ha under trickle irrigation in Pakistan, which cover 

deciduous fruits and forest plants. The area will increase significantly during the next few years, 

provided the system are designed in a simplified way so that it can be understood and operated by 

the farming community. Especially the development and indigenization of trickle irrigation technology 
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in collaboration with M/S Griffon Pipe Industries, Pvt. Ltd., Lahore will help to extend this technology 

in Pakistan. Other PE Plastic Pipe Industries can also provide materials for trickle irrigation and in 

future there is a need to develop a network of such industries. 

 

TESTING OF LOCAL DEVELOPED PRESSURIZED IRRIGATION SYSTEMS 

Similar to the efforts made in introducing skimming wells in the study area, efforts were also made to 

convene farmers‘ perceptions on the idea of using less quality of irrigation water without 

compromising on the yields of crops and orchards. The efforts include the field demonstration on 

several sites in the selected four villages of innovative surface irrigation systems (like bed-and-furrow 

for wheat, furrow-ridge for maize, bed-and-corrugation for vegetables, and round-basin for citrus 

orchard), raingun sprinkler systems for wheat, fodder, sugarcane, maize, citrus orchard and 

vegetables, and trickle irrigation system for citrus orchard. 

 

Sprinkler irrigation system 

While designing the raingun sprinkler systems under this project, it was considered necessary to 

integrate conjunctive use of rainfall, surface water and skimmed groundwater for minimizing the input 

of groundwater and to maintain low cost of irrigation. Therefore, several raingun sprinkler systems 

were designed with an objective to test the concepts of partial (supplemental) and complete irrigation. 

The supplemental or partial irrigation system was designed to provide skimmed groundwater in 

addition to the rainfall and canal water availability. The cost of the system can be reduced by 28% just 

by changing the concept of complete irrigation to supplemental irrigation. Furthermore, the peak 

operational time should also be changed to 20 hours to reduce the size of the prime mover and the 

pump. The performance parameters selected for evaluation of raingun sprinkler irrigation system are 

as under: 

 

 Operating pressure of raingun at various hydrants installed for connecting laterals and the 

raingun, 

 Discharge of raingun installed at various hydrants, and 

 Uniformity coefficient. 

 

Table 15 shows variations in discharge rate, pressure and radius of coverage during operation of the 

raingun sprinkler system using various nozzle sizes. The pressure variations ranged between  3 to  

10%, which is reasonable to have higher uniformity in water distribution (around 80% or more). The 
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coefficient of uniformity of the raingun varied between 78 to 91 % with pressure range of 30-40 m
6
 

and nozzle sizes of 6 to 12 mm diameter. The evenness of water distribution under sprinkler irrigation 

can be seriously affected by wind and operating pressure. To reduce the effect of wind, the setting 

distance of raingun sprinklers can be brought closer together. Thus reasonably high value of 

uniformity coefficient can be obtained through overlapping by adjusting the space between two 

raingun sprinklers. Overlapping of 25% is essential to have better uniformity in water distribution. 

 

Table 15. Variations in discharge rate, pressure and radius of coverage during operation of the Py1-

30 raingun sprinkler system using various nozzle sizes. 

Time (min) Discharge (l/s) Pressure (m) Radius of coverage (m) 

For nozzle size of 12 mm 

10 2.69 39.9 24 

20 2.69 39.9 24 

30 2.66 39.2 23 

40 2.66 39.2 22 

50 2.64 38.5 22 

60 2.64 38.5 22 

Average 2.66 39.2 22.8 

For nozzle size of 10 mm 

10 35.18 6.67 18.25 

20 35.18 6.78 18.25 

30 35.18 6.93 18.25 

40 34.48 6.67 18 

50 34.48 6.63 18 

60 34.48 6.67 18 

Average 34.83 6.725 18.125 

For nozzle size of 8 mm 

10 39.40 5.33 16.75 

20 39.40 5.33 16.75 

30 39.40 5.25 16.75 

40 39.40 5.24 16.75 

50 39.40 5.23 16.75 

60 39.40 5.20 16.75 

Average 39.40 5.28 16.75 

                                                      
6
 The performance of locally made raingun sprinkler irrigation systems is reasonably high at higher pressures of 30-40 m. 

However, it will reduce significantly if the pressure drops below 20 m. 
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Although the permissible limit for suction with centrifugal pumps is 6 m but the high-pressure pump 

performs better if the suction is less than 6 m. Therefore, extra care must be made while designing 

the pumping systems for raingun sprinkler irrigation. Under conditions of extreme suction of around 6 

m or more, the designed discharge of raingun with 12 mm diameter nozzle was reduced to the point 

that either two rainguns of 10 mm diameter nozzle or three rainguns of 8 mm diameter nozzle could 

be operated. The system was originally designed for three rainguns with 12 mm diameter nozzle. The 

important conclusion is that centrifugal pump based raingun sprinkler irrigation systems should be 

designed for single raingun with 12 mm diameter nozzle for sustained pumping and longer 

operational time for irrigation. 

 

A raingun sprinkler performs best at a given pressure, which is normally specified by the 

manufacturer. If the pressure is substantially above or below the recommended value then the 

distribution of water can be quite different from the normal distribution. If the pressure is substantially 

above and below the recommended pressure, then in both the cases the throw is reduced. Both 

these patterns are quite different from the normal triangular distribution and it is obvious that patterns 

such as these will not produce a uniform irrigation. Based on the performance evaluation of the 

raingun sprinkler irrigation system it is necessary to develop standards for the manufacturers‘, so that 

they can use these standards as specifications for the manufacturing of raingun sprinkler irrigation 

systems. Therefore, efforts should be made to minimize the pressure requirement to reduce the size 

of the pumping system leading to minimize the energy requirement. The layout of the raingun 

sprinkler irrigation should be designed in such a way that the coefficient of uniformity is optimized. 

This would help to improve the water use efficiency. 

 

The Indus basin is also going to experience the water crises due to increase in demand among the 

competing water users‘ and the conflicting objectives. Therefore, sprinklers should be used for 

vegetables, fodders and field crops, whereas for orchards modified hose-fed system can be used. 

These systems have already been designed and installed at farmers fields in the project area for the 

matured orchards, which were established originally under flood irrigation and the rooting pattern is 

extensive. 

 

When sprinkler irrigation is made with skimmed groundwater, it brings water into contact with foliage, 

and salt deposits on leaves may adversely affect some crops. However, the susceptibility of plants to 

leaf injury from saline sprinkled water depends on leaf characteristics affecting rate of absorption and 

is not generally correlated with tolerance to soil salinity. The degree of spray injury varies with 
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weather conditions, especially the water deficit of the atmosphere. Visible symptoms may appear 

suddenly following irrigations when the weather is hot and dry. Increased frequency of sprinkling, in 

addition to increased temperature and evaporation, leads to increase the salt concentration in the 

leaves due to adsorption, and results in leaf damage. However, irrigation at night (or any other low 

evaporation period) minimizes the salt concentration in the leaves due to adsorption (Kruse, 1995). 

Furthermore, evaporation losses during sprinkling can also be minimized by avoiding mid-day 

irrigation. 

 

Trickle irrigation system 

Figure 27 shows the field of citrus orchards having installed the locally manufactured trickle irrigation 

system, whereas Figure 28 shows the locally manufactured laterals and emitters installed in the field 

of citrus orchard. The estimated material cost of locally manufactured standard trickle irrigation 

system in Pakistan is not more than Rs. 12,000 per acre, including the cost of pump and electric 

motor, for systems of at least 5 acres (Table 16). The discharge and pressure variations with distance 

are presented in Figure 29 and 30, and the water application uniformity of the system is presented in 

Figure 31. The discharge and pressure variation of the system was reasonable, and water application 

uniformity was above 90 percent. 

 

 

Figure 27. Field of citrus orchards having installed the locally manufactured trickle irrigation system. 
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Figure 28. Locally manufactured laterals and emitters installed in the field of citrus orchard. 

 

Table 16. The proportionate costs of different locally components of trickle irrigation system. 

Components Cost (Rs) Percentage costs (%) 

Pumping system 1320 11 

Manifold and laterals 8760 73 

Emitters and accessories 1920 16 

 

 

Figure 29. Variations in discharge rates with distance away from the pumping system. 
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Figure 30. Variations in pressure with distance away from the pumping system. 

 

Figure 31. Water application uniformity of the locally manufactured trickle irrigation system. 

 

In this project, efforts were also made to reduce this cost further through innovative adaptations using 

low-pressure systems –for instance, modified hose-fed irrigation system. Modified hose-fed concept 

is particularly adaptable in Pakistan since it makes a reasonable compromise between labour and 

resource inputs. These systems should provide optimum water management on all types of soils for a 

variety of vegetables and fruit orchards. 

 

In essence, the adaptation of Modified hose-fed concept of irrigation involves the use of portable 

hoses to supply water directly to small basins around each tree or near to each plant. The hoses can 

be systematically moved within the orchard to complete irrigation every four days on sandy soils to 

further reduce the installation cost. In these systems, the water will leave the tubewell, pass through 
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flow meters and through pipelines that feed the hoses. The water will only make exit from the system 

at and into the basins provided at each tree and there will be no chance for losses except through 

poor distribution or over-irrigation of the basins. If the labourers systematically move the hoses, the 

overall efficiency of the system will be in the neighborhood of 90 percent. However, the conveyance 

efficiency is around 100% due to complete elimination of transit losses. 

 

These adaptations are also suitable for matured orchards, which were initially developed on flood 

irrigation and farmers want to convert due to shortage of water. Trickle irrigation design for matured 

orchards, which were raised on flood irrigation, is not only complex due to extended root system but 

also costly. Therefore, such adaptations are essential for matured orchards to develop feasible and 

cost-effective systems. Low-density polyethylene (LDPE) pipes developed for pressurized irrigation 

systems are not sufficiently flexible to use as a hose, which can be moved by labour to reduce the 

capital cost. Therefore, PVC flexible hose can be used as laterals, which can be moved manually. 

 

Modified hose-fed irrigation systems are costly compared to flood irrigation in terms of capital cost, 

but they are economical in terms of operational cost due to increase in electricity tariff and diesel 

prices. Furthermore, large discharges are required for flood irrigation. For pipe-flow irrigation systems, 

water is applied directly to plants, which requires much less amount of water. At least the water 

required is reduced to one-third to one-fourth. This is a substantial saving in terms of electricity or 

diesel. Furthermore, the size of the prime mover can be reduced tremendously. The residential 

electricity connections can be used for small to medium size farms, if sufficient power supply is 

available. 

 

INTRODUCTION TO HAND BOOK ON PRESSURIZED IRRIGATION 

Under the canal water scarce environment, the importance of pressurized irrigation systems in the 

irrigated agricultural areas of the Indus Basin of Pakistan could be realized on the following grounds: 

 

 At present, relatively little work is being done to establish efficient irrigation practices in the in 

the irrigated agricultural areas of the Indus Basin of Pakistan. Therefore, efforts are needed 

to improve existing surface irrigation and introduce sprinkler system of simple operation 

affordable to farmers, suitable for crops and adaptable to physical conditions of the country. If 

we include the investments needed for land development and drainage in the Indus Basin, 

the investments required for the installation of pressurized irrigation systems seem feasible. 
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 In fresh groundwater areas, sustainable crop production largely depended on the proper and 

efficient use of groundwater for irrigation purposes. Large quantities of pumped groundwater 

are needed to irrigate croplands (alone or conjunctively with canal water) using surface 

irrigation methods and practices. In most cases, such abstractions have resulted in aquifer 

depletion, and the decline in water table has direct link with the cost of pumping. The use of 

pressurized irrigation would help in sustainable management of groundwater resource. 

 Most importantly, in saline groundwater areas, where only small discharges of fresh 

groundwater can be skimmed while avoiding aquifer deterioration due to saline groundwater 

upconing. These small discharges cannot be efficiently applied on surface irrigated 

croplands. However, pressurized irrigation application systems use small discharge 

effectively, but the cost and availability of equipment in the local market is a significant 

constraint. 

 

A handbook on pressurized irrigation is produced under this project (Volume-V Hand Book on 

Pressurized Irrigation) to provide information about systems classification, adaptation in Pakistan, 

parameters involved in the selection and design of pressurized irrigation systems, innovative 

adaptations, system design and manufacturer's specifications. Also included is the information about 

the solid-set systems. This information will help agricultural and irrigation engineers of the 

public/private sectors to design appropriate systems considering farmers' requirements and farm 

layout. Some changes can be made, if desired, to meet farmers' requirement especially the prime 

mover and pumping systems, if these already exist with the farmers. However, booster pumps can be 

used to enhance pressure, if electricity is available. 
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Irrigation Scheduling 

INTRODUCTION 

In saline groundwater areas, skimming wells can extract fresh groundwater lenses from aquifers 

underlain by saline groundwater layers. However, there are two inherent main constraints associated 

with the use of skimming wells: (i) the discharge rates from these skimming wells are too low to apply 

efficiently on surface irrigated croplands, and (ii) the quality of this skimmed groundwater is expected 

to change with time while responding to recharge and discharge mechanisms. Therefore, the use of 

skimmed groundwater (alone or conjunctively with canal water) would result in adding up salts to the 

root zone. Under such irrigated conditions, there is a need of adopting practical ways and means for 

irrigation applications so that the root zone salinity is managed throughout the cropping season within 

the acceptable limits for good crop productivity. 

 

Pressurized irrigation systems are highly advantageous over surface irrigation application systems 

while using these small discharges. These systems are handy in applying exact needed amount of 

water to the plants. The adoption of such systems may also help in providing technical assistance in 

managing root zone salinity under the agricultural lands, as water can easily be measured before it 

enters the pressurized irrigation application system. In this context, keeping the appropriate water and 

salt balances in the root zone is of crucial importance for maintaining the short-term and long-term 

viability of an agricultural area. Therefore, in this project, field and computer modeling studies were 

conducted to develop guidelines for irrigation scheduling using skimmed groundwater with 

pressurized irrigation. The details of irrigation scheduling‘ related research activities and outcomes 

are given in Volume-VI Irrigation Scheduling. 

 

OPTIONS FOR ROOT ZONE SALINITY MANAGEMENT 

Rainfall utilization 

Maximum utilization of rainfall is the single most important practice for agricultural areas irrigated with 

skimmed groundwater, because it is the best quality water available for leaching of soluble salts from 

the root zone. To make effective use of rainfall by selecting appropriate crop rotation for root zone 

salinity management practice, field trials were conducted at farmers‘ fields. Maize –salt sensitive, 

wheat –salt tolerant, and jantar –leguminous crop for reclaiming and adding organic matter to the soil, 

were grown while conducting irrigation scheduling trials. Maize was sown after monsoon, followed by 

wheat and jantar was sown for two months after wheat (Figure 32). 
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In between the monsoonal rainfalls, the integration of surface irrigation and sprinkler irrigation, termed 

as intermittent irrigatin, was used to control salinity in the root zone. In this practice, sprinkler irrigation 

helps in uniform distribution of groundwater, and surface wetness due to sprinkling helps in 

minimizing the application of surface water, still can meet the crop water requirement. This surface 

wetness also allowed salts to get dissolved properly in the root zone, which improves the leaching 

efficiency of the surface irrigation. It allowed leaching of the salts down with irrigation turn, rather than 

leaching at the end of the crop –a promising solution to control transient salinity in the root zone. The 

monsoon, then, helped in leaching the salts further with high efficiency. Moreover, a pre-monsoon 

leaching coincides with the period when water table is deep to facilitate leaching of salts to a greater 

depth while delaying upward rise of salts (Prathapar and Qureshi, 1999). Therefore, the acceptability 

of sprinkler irrigation can still be promised by promoting it together with surface irrigation. 
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Figure 32. Hypothesis for field trials were conducted at farmers‘ fields to make effective use of 

rainfall. 
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Table 17 showed duration and amount of irrigation water applied to bare soil with intermittent and 

surface irrigation practices for coarse, medium and fine soils. Results showed that at all the three 

locations, intermittent irrigation took less time to irrigate the field as compared to conventional 

irrigation application practice. This saving in application time means that irrigated area can be 

increased to 5, 33, and 11% by adopting intermittent irrigation for coarse, medium and fine soils, 

respectively. Intermittent irrigation application practice reduces cost of pumping and saves water that 

may be used to irrigate more area. 

 

Table 17. Duration and amount of irrigation water applied to bare soil with intermittent and 

conventional irrigation application practices. 

 Coarse Medium Fine 

Area (ha) 0.05 0.05 0.05 

Tubewell discharge (l/s) 32 24 28 

Conventional irrigation 

Duration of water application (min) 26 30 23 

Depth of water applied (mm) 102 89 76 

Intermittent irrigation    

Duration of water application (min) 25 23 20 

Depth of water applied (mm) 97 67 69 

Possible increase in irrigated area due to intermittent irrigation (%) 5 33 11 

 

Timing of irrigation 

The timing of irrigation is the most important factor when irrigation management includes salinity 

considerations. Proper timing of irrigation can help to avoid low levels of soil moisture that cause salts 

in the soil solution to become highly concentrated. Frequent irrigation reduces soil water stress and 

soil salinity stress caused by the saline irrigation water. Frequent irrigation also keeps the salts 

moving through and away from the root zone. If irrigation is applied frequently, it must be light. 

However, light irrigation can seldom be applied as uniformly with surface irrigation as with the raingun 

sprinkler systems. 

 

In this project, Class A Evaporation Pan was used for identifying timing of irrigation to corn crop sown 

for two cropping seasons –in 2000 and 2001. However, a Marriott bottle was attached to the pan that 

maintains water level at 20 cm (Figure 33). In this modified evaporation pan, loss of water from the 

pan was monitored from the Marriott bottle (Figure 34). Figure 35 shows evaporation pan data 
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observed at the farm, which indicates daily changes in the actual evapotranspirations due to daily 

changes in weather conditions. Corn was sown, on sandy loam soil, in July and harvested in 

November each year. Corn is a drought and salt sensitive crop. 

 

The management allowed deficit, for 0-30 cm soil profile, was taken equal to 30%, which represents 

36 mm evaporation loss from the evaporation pan. This management allowed deficit is an indicator 

for deciding the timing of irrigation. When evaporation pan showed 36 mm evaporation loss, then the 

soil moisture depletion in the top 30 cm soil profile was estimated (Figure 36). In the whole season, 

soil moisture depletion in the top 30 cm soil profile matched well with the pan evaporation estimates. 

This shows the effectiveness the modified Class A Evaporation Pan for identifying the timing of 

irrigation, which is simple to use and may help common farmers to plan irrigation, but additional 

fieldwork is needed to generalize its use for different crops grown under different agro-climatic 

conditions. 

 

 

Figure 33. Schematic diagram of the modified Class A Evaporation Pan. 
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Figure 34. Marriott bottle arrangement for improving the reliability on the evaporation estimation by 

using the Class A Evaporation Pan. 

 

Figure 35. Daily pan evaporation readings estimated by using the modified Class A Evaporation Pan. 

 

Figure 36. Comparison of the pan evaporation loss with the soil moisture depletion in the top 30 cm 

soil profile for corn crop. 
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USE OF SKIMMING WELLS WITH RAINGUN SPRINKLER SYSTEMS 

The estimation of water and salt balances are used to monitor and evaluate different management 

practices. The water and salt balances are so closely related that it is not possible to separate them 

out. Under irrigated agricultural areas, usually annual salinisation–desalinization cycles occur, the 

amount of salts stored in the root zone fluctuates continually. The goal of successful water and salt 

management for salinity control in the root zone should be to maintain this fluctuation within limits that 

neither allow excess drainage nor reduce the growth of the crops. 

 

In this study, the Soil-Water-Atmosphere-Plant (SWAP) model (van Dam et al., 1997) was used to 

evaluate the long-term effects of using skimmed groundwater with raingun sprinkler systems (alone or 

intermittently with surface irrigation) on soil salinity for the conditions prevailing in the wheat-maize 

agro-climatic zone of Chaj Doab in the Indus Basin of Pakistan. Figure 37 presents a schematic 

overview of the modeling system in SAWP, which is designed to simulate the water movement and 

solute transport processes at field scale level and during the entire growing seasons.  

 

 

Figure 37. Schematic overview of the modeling system in SAWP model. 
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Root water extraction at various depths in the root zone is calculated from potential transpiration, root 

length density and possible reductions due to water and/or salinity stress in the root zone. Irrigation 

applications can be prescribed at fixed times or user may choose various irrigation timing, depth and 

water quality criteria. The scheduling options allow the evaluation of impact of different irrigation 

scenarios on crop growth and salinity development. 

 

System evaluation under farmer’s irrigation practices 

Different soil and crop parameters used as input for SWAP are given in Table 18. The maize-wheat 

crop rotation was used for simulating the farmers‘ practices because it was widely practiced in the 

study area. Table 19 describes farmer‘s irrigation practices for the maize and wheat crops. Maize is 

usually sown during the month of July-August to meet the fodder demands for their animals, while 

wheat is sown during October-November after the maize harvest. The soil tests carried out for various 

field locations indicated that the soil column should be divided into three layers of loam (layer 1), silty 

loam (layer 2), and loamy sand (layer 3). The groundwater table, which fluctuated in the range of 1.5 

to 4.0m, was used as bottom boundary condition. The upper boundary condition was considered 

dependent on daily evapotranspiration rate, actual rainfall, and irrigation. 

 

Table 18. Parameters used to describe crops and soil hydraulic properties in SWAP model. 

Crop parameters Wheat Cotton 

Boesten parameter,  (cm
1/2

) 0.63 0.63 

Kc values for full crop cover 1.15 1.15 

Maximum rooting depth (cm) 110 160 

Limiting pressure heads (cm) 
(Feddes et al., 1978) 

h1= -0.1; h2 = -1.0; h3 = -500; h3' 
= -900; h4 = -16,000 

h1= -0.1; h2 = -1.0; h3 = -500; h3' 
= -900; h4 = -16,000 

van Genuchten-Mualem parameters Soil layer 1 Soil layer 2 Soil layer 3 

Depth of layer (cm) 0-30 30-280 >280 

Soil texture Loam Silt loam Loamy sand 

Residual moisture content, ( res) 0.000 0.000 0.028 

Saturated moisture content ( sat) 0.384 0.509 0.400 

Saturated hydraulic conductivity, (Ksat) (cm/d) 60 40 72 

Shape parameter,  (cm
-1

) 0.0085 0.0090 0.0140 

Shape parameter, n (-) 1.350 1.450 2.663 

Shape parameter,  (-) 1.0 1.0 0.5 

 

Table 19. Farmer‘s current irrigation practices for maize and wheat crops.  
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Crops Canal water applications Skimmed groundwater applications 

 Date Depth (mm) Date Depth (mm) 

Maize August 18, 2002 

August 23, 2002 –sowing 

September 11, 2002 

September 25, 2002 

October 3, 2002 

36.21 

 

38.62 

34.76 

33.80 

September 30, 2002 

October 1, 2002 

8.54 

10.67 

Wheat October 3, 2002 

October 18, 2002 –sowing 

November 7, 2002 

December 12, 2002 

36.21 

 

41.04 

37.18 

November 20, 2002 

November 28, 2002 

February 25, 2003 

8.54 

6.40 

12.81 

 

The interactions of irrigation (skimmed groundwater and canal water) with crop production and soil 

salinity were studied under actual field conditions. Five irrigations were applied to maize crop, out of 

which three irrigations were from canal water using basin irrigation system, and two irrigations were 

applied through raingun sprinkler system using skimmed groundwater. Wheat received a total of six 

irrigations: three irrigations from canal water using basin irrigation system, and three irrigations 

through raingun sprinkler system using skimmed groundwater. During these irrigations to maize and 

wheat crops, the average depth of canal water applied was around 40 mm; whereas an average 

depth of skimmed groundwater applied using raingun sprinkler system was 15 mm. The salinity of 

canal water and skimmed groundwater used for irrigations was around 0.3 and 1.3 dS/m, 

respectively. 

 

Figure 38 shows variations in the average salinity of top 1 m soil profile (root zone) with time under 

farmers‘ current irrigation practices (canal water, skimmed groundwater, and rainfall) for maize and 

wheat crops. The salinity showed slight temporal rises and falls fluctuating between 1 to 2 dS/m 

during maize growth. The temporal increase could attribute to root water uptake leaving the salts in 

the soil profile. These salts are leached below the root zone when irrigation was applied. During the 

one season the salinity showed insignificant changes. The ratio of actual and potential transpiration 

for maize was estimated as 0.96 showing no significant reduction in crop growth. For the subsequent 

wheat crop the salinity remained well below 2 dS/m during initial and middle stages of the crop. But in 

final stage salinity markedly increased over 6 dS/m. This hindered the overall crop growth and yield 

as the 10% reduction in transpiration was estimated. One of the main reasons of high salinity built 

during wheat maturity was lack of irrigation water. The plant had to extract the diminishingly available 

moisture from the soil leaving salts concentration in the soil profile. 
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Figure 38. Variations in the average salinity of top 1 m soil profile (root zone) with time under 

farmers‘ current irrigation practices for maize and wheat crops. 

 

The long-term simulation of root zone salinity development and impact on crop growth under farmers‘ 

current practices are shown in Figure 39. The salinity showed increases and crossed the 4 dS/m 

range (above which most of the crops start suffering from salinity stress) after three years of 

continuous maize-wheat rotation. The average annual rainfall significantly effected the salinity 

development along with the irrigation schedules. During the dry year salinity went up to 11 dS/m 

significantly reducing the crop growth (Ta/Tp = 0.5). The continuation of current practices could lead 

to salinity increase in the soil reducing crop yields. Therefore, modifications are required to avoid 

salinity hazards. The special considerations are due for excessive leaching in dry years and for 

proper irrigation schedules ensuring timeliness and fulfillment of crop water needs. 

 

Long-term evaluation of skimming well source raingun sprinkler system 

Two operational management strategies of skimming wells (as presented in Table 12) were further 

studied while evaluating the use of skimming well source raingun sprinkler system in managing 

salinity in the root zone on long-term basis. The results were quite encouraging under both scenarios. 

Figure 40 indicates the impacts of long-term use of skimmed groundwater through pressurized 

sprinkler system. The results suggested that farmers could keep the salinity levels in the root zone 

below 4 dS/m if they apply 15 mm of sprinkler irrigation after every week to maize and wheat crops. 

The ratio of Ta/Tp based on 15 years average for this scenario was estimated to be 0.82 for maize 

and 0.96 for wheat. The reduction in maize yield was higher than wheat because maize starts facing 
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salinity stress around 2 dS/m whereas wheat can tolerate salinity levels up to 6 dS/m. Similarly, the 

strategy II could also be successfully practiced on long-term basis providing farmers an opportunity to 

apply an irrigation of about 30 mm after every two weeks (Figure 41). Both of these scenarios showed 

good response to relatively dry years when rainfall was less. In higher rainfall years salinity was 

pushed more downward and improving crop growth. 
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Figure 39. Long-term impact of salinity development on maize and wheat crops under farmers 

current irrigation practices. 

 

 

Figure 40. Long term simulation of root zone salinity development using skimming well source 

raingun sprinkler system following one week of operational schedule. 
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Figure 41. Long term simulation of root zone salinity development using skimming well source 

raingun sprinkler system following two week of operational schedule. 
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Dissemination 

Different means were used to disseminate the technology and management packages comprising of 

fractional skimming well techniques coupled with low-cost pressurized irrigation application systems 

to manage root zone salinity. Brief description of the different adopted means is given as under: 

 As the package of technology and management were refined and tested at the farmers' 

fields, the applied nature of the research work provided a built-in advantage of fast 

dissemination of its findings. 

 

 

 Farmers‘ days were organized on various occasions to introduce the package to the farmers 

of the project area. For instance, (i) farmers were invited to see the performance to farmers‘ 

skimming well compared with the properly designed skimming well, (ii) farmers were 
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introduced to the benefits of groundwater quality analysis at the time of skimming well 

installation and of the pumped groundwater being extracted from their already skimming 

wells, and facility was provided by the project collaborating organizations for getting their 

samples analyzed, and (iii) farmers were encouraged to interact with the field research team 

to share their groundwater irrigation related problems while visiting the project sites where 

innovative surface irrigation, raingun sprinkler irrigation and trickle irrigation trials were being 

conducted. 

 

 

 Two Year-end Seminars were held to report progress and information generated to the 

skimming well drillers, local manufacturers of pressurized irrigation systems, farmers, 

researchers, water managers, and policymakers from various relevant agencies in the 



xxxix 

country, and a Project-end Workshop was also organized to present the findings of the 

project to the various stakeholders including large number of farmers. In addition, various 

papers were presented at national or international conferences, and considerable efforts 

were made to get the project findings published in the national and international journals. The 

following proceedings were published to document the outcomes of these 

seminars/workshop: 

 Proceedings of the Year-End Seminar 2000, held in Lahore. 

 Proceedings of the Year-End Seminar 2001, held in Lahore. 

 Proceedings of the Project-End Workshop 2003, held in Islamabad. 
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 During the review missions arranged by the project donors, the visitors were also introduced 

to the local farmers for their perceptions regarding the benefits of various interventions being 

introduced under this project. This opportunity, of interacting with the farmers, helped the 

visitors to evaluate the efforts made by the project collaborating organizations to disseminate 

the technology and management packages to the farming community. After getting the first 

hand information from the local farmers, these efforts were found interesting and valuable. 

 

 

 On-site training facilities were extended to postgraduate and under-graduate students as a 

part of capacity building and dissemination purposes:  
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 Two field visits were arranged for the postgraduate students from the Centre of 

Excellence in Water Resources Engineering, University of Engineering and Technology, 

Lahore. During these visits, the students were trained on ‗Experimental Research‘ for 

using different flow measurement devices, and pumping test. 

 An internship program was also facilitated for two weeks to the undergraduate students 

from the Faculty of Agricultural Engineering and Technology, University of Agriculture, 

Faisalabad. In this internship program, the students were introduced to the skimming 

wells, observation wells, groundwater quality sampling with depth, pumping test, raingun 

sprinkler systems, trickle irrigation systems, and modified Class A evaporation pan.  
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 Research support (technical and field) was provided to Pakistani students for undertaking 

postgraduate thesis research from the following national and international universities: 

 One M.Sc. student from the Department of Agricultural Engineering, N.W.F.P University 

of Engineering and Technology, Peshawar, Pakistan. 

 Two M.Phil. students from the Center of Excellence in Water Resources Engineering, 

University of Engineering and Technology, Lahore, Pakistan. 

 One Ph.D. student from the Department of Civil Engineering, University College Dublin, 

Republic of Ireland. 

 Class A Evaporation pan was modified for developing consistency and improving reliability of 

pan evaporation data to be used while scheduling irrigation. This modified pan has now 

handed over to the AgroMet Center of Pakistan Meteorological Department (PMD), Sargodha 

for comparison with the Class A Evaporation Pan, and possible adoption. 
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 Efforts were also made to develop website and preparation of CD for disseminating the 

outcomes of the project. 
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Project Publications 

TYPES OF OUTPUTS 

Sr. 

No. 

Project documents 37 1, 3, 4, 5, 6, 13, 14, 15, 16, 17, 18, 19, 20, 21, 30, 31, 

39, 40, 41, 42, 43, 44, 45, 55, 56, 61, 63, 64, 66, 67, 

71, 73, 89, 90, 103, 104, 110 

1 IWMI working papers 2 2, 37 

2 IWMI project reports 11 12, 32, 65, 91, 105, 111, 112, 113, 114, 115, 116 

3 Seminar presentations –national 24 9, 11, 22, 23, 24, 25, 26, 27, 34, 35, 36, 38, 48, 52, 

54, 57, 60, 92, 94, 95, 106, 107, 108, 109 

4 Seminar presentation –regional 4 8, 72, 75, 78 

5 Seminar presentation –international 4 7, 80, 96, 97 

6 Journal papers –national 11 33, 49, 50, 51, 58, 59, 82, 93, 98, 99, 101 

7 Journal papers –international-published 9 10, 53, 74, 79, 81, 83, 84, 85, 119 

8 Journal papers –international-submitted 4 69, 70, 86, 87 

9 Thesis –MSc/Mphil –national 3 28, 29, 62 

10 Thesis –PhD –International 1 68 

11 Encyclopedia of Water –articles 

accepted 

3 76, 77, 100 

12 Newspaper articles 3 46, 47, 88 

13 Dissemination pamphlets 1 102 

14 CD ROM 1 117 

15 Website 1 118 http://www.iwmi.cgiar.org/groundwater/index.htm  

Total Publications 119  

 

http://www.iwmi.cgiar.org/groundwater/index.htm
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DESCRIPTIVE PROGRESS AND PRODUCED OUTPUTS AGAINST THE AGREED 

ACTIVTIES/OUTPUTS 

Agreed activities/outputs Descriptive progress and produced outputs 

Phase I –FIRST YEAR: March 1999-February 2000 

A Purchase of computers and 
vehicles 

IWMI and WRRI used their share to purchase computers and vehicles, 
while MREP only purchased computers. 

B Inception Report Against The Agreed Output(s) 

1. Asghar, M.N., S. Ahmad, M.S. Shafique, and M.A. Kahlown. 
Inception report. February 1999. 

Additional Output(s) 

2. Asghar, M.N., S. Ahmad, M.S. Shafique, and M.A. Kahlown, 2002. 
Root zone salinity management using fractional skimming wells with 
pressurized irrigation: Inception report. Working Paper No. 35, 
International Water Management Institute, Lahore, Pakistan: 37p. 

C.1 Submission of Methodology 
for the selection of sites 

Against The Agreed Output(s) 

3. Ahmad, S., R. Roohi, Irshadullah, M. Yasin, A. Rehan, M. Khan, and 
M.M. Ahmed. Spatial and temporal analysis of groundwater in Mona 
SCARP areas. September 1999. 

4. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, and Z. Khan. Spatial 
and temporal analysis of groundwater in Mona SCARP area: 
Methodology report-I. February 2000. 

5. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, and Z. Khan. Initial 
participatory rural appraisal of Mona SCARP area: Methodology 
report-II. March 2000. 

6. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, and Z. Khan. 
Diagnostic analysis study of selected farms in Mona SCARP area: 
Methodology report-III. April 2000. 

Additional Output(s) 

7. Ahmad, S., M.M. Ahmad, M. Yasin, G. Akbar, and Z. Khan, 2000. 
Spatial and temporal analysis of GW in Mona SCARP area. 
Proceedings of the 6th International Conference on GIS Application 
for Arid and Semi-Arid Regions, Japan. 

8. Ahmad, S., M.M. Ahmad, M. Yasin, G. Akbar, and Z. Khan, 2000. 
Assessment of shallow groundwater quality –case study of Mona 
SCARP. Proceedings of Regional Groundwater Management 
Seminar, October 9-11, 2000. Pakistan Water Partnership, 
Islamabad: 17-25. 

9. Ahmad, S., M. Yasin, M.M. Ahmad, and R. Roohi, 2001. GIS 
application for spatial and temporal analysis of groundwater in 
MONA SCARP area. Proceedings of the 2nd National Seminar on 
Drainage in Pakistan, Department of Irrigation and Drainage, 
University of Agriculture, Faisalabad. Volume I: 343-363. 

10. Yasin, M., S. Ahmad, M.M. Ahmad, and R. Rohi, 2001. Zonation of 
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groundwater quality in Mona SCARP area. Science Vision, An 
International Quarterly Journal of the Commission on Science and 
Technology for Sustainable Development in the South (COMSATS), 
Vol. 6(4): 37-47. 

11. Ahmad, S., M. Yasin, G. Akbar, Z. Khan, and M.M. Ahmad, 2004. 
Methodology development for selection of sites for skimming wells 
and pressurized irrigation systems. In: Asghar, M.N., M.S. Shafique, 
S. Ahmad and M.A. Kahlown (Eds.), 2004. Root zone salinity 
management using fractional skimming wells with pressurized 
irrigation: Proceedings of the year-end seminar 2000. Lahore, 
Pakistan: International Water Management Institute (IWMI): 81-100. 

12. Ahmad, S., M.M. Alam, M.N. Asghar and M. Yasin, 2004. Root Zone 
Salinity Management using Fractional Skimming Wells with 
Pressurized Irrigation, Volume-II: Site Selection Methodology. 
Lahore, Pakistan: International Water Management Institue (IWMI).  

C.2 Submission of Site-specific 
Reports about installation of 
the skimming facility and the 
low cost pressurized 
irrigation systems 

Against The Agreed Output(s) 

One raingun sprinkler system was installed on a dugwell at Phullarwan 
Research Farm. Observation wells for depth to water table and water 
quality with depth monitoring were installed at the same site for observing 
the aquifer behavior under the dugwell as well as the three-strainers 
skimming well. 

13. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, and Z. Khan. 
Skimming dugwells and pressurized irrigation systems. May 2000. 

14. Ahmad, S., M. Yasin, G. Akbar, Z. Khan, and M.M. Ahmad. 
Pressurized and innovative irrigation systems: Raingun sprinkler 
systems. May 2000. 

15. Asghar, M.N., S.A. Prathapar and M.S. Shafique. Guidelines for 
extracting freshwater from aquifers underlain by saltywater. 
September 1999. 

16. Asghar, M.N., M. Ashraf, and M.S. Shafique. Progress report on 
dugwell preliminary trials. November 1999. 

17. Asghar, M.N., M. Aslam, M.S. Shafique, and M. Ashraf. Skimming 
freshwater from inland aquifers in the Indus Basin of Pakistan –A 
review. February 2000. 

18. Asghar, M.N., M. Aslam, M.S. Shafique, and M. Ashraf. Options for 
skimming relatively-fresh groundwater lenses in the Indus basin of 
Pakistan – a review. April 2000. 

19. Ashraf, M., and M. Idrees. Farmers‘ groundwater skimming 
practices. May 2000. 

20. Shafique, M.S., M.N. Asghar, M. Ashraf, S.A. Prathapar, and M. 
Aslam. Guidelines for irrigation scheduling with skimmed 
groundwater to manage root zone salinity –a preliminary framework. 
April 2000. 

21. Yasin, M., S. Ahmad, M.M. Ahmad, G. Akbar, and Z. Khan. Dugwell 
as an option of skimming well. May 2000. 

Additional Output(s) 

22. Ahmad, S., M. Yasin, G. Akbar, Z. Khan, and M.M. Ahmad, 2004. 
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Pressurized and innovative irrigation systems: Raingun sprinkler 
systems. In: Asghar, M.N., M.S. Shafique, S. Ahmad and M.A. 
Kahlown (Eds.), 2004. Root zone salinity management using 
fractional skimming wells with pressurized irrigation: Proceedings of 
the year-end seminar 2000. Lahore, Pakistan: International Water 
Management Institute (IWMI). 55-80. 

23. Asghar, M.N., S.A. Prathapar, M.S. Shafique, 2004. Extracting 
freshwater from aquifers underlain by saltywater. In: Asghar, M.N., 
M.S. Shafique, S. Ahmad and M.A. Kahlown (Eds.), 2004. Root zone 
salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2000. 

Lahore, Pakistan: International Water Management Institute (IWMI). 
35-54. 

24. Ashraf, M., and M. Idrees, 2004. Farmers‘ groundwater skimming 
practices. In: Asghar, M.N., M.S. Shafique, S. Ahmad and M.A. 
Kahlown (Eds.), 2004. Root zone salinity management using 
fractional skimming wells with pressurized irrigation: Proceedings of 
the year-end seminar 2000. Lahore, Pakistan: International Water 
Management Institute (IWMI). 12-21. 

25. Kahlown, K.A., M. Hanif, 2004. Skimming well concept. In: Asghar, 
M.N., M.S. Shafique, S. Ahmad and M.A. Kahlown (Eds.), 2004. 
Root zone salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2000. 
Lahore, Pakistan: International Water Management Institute (IWMI). 
10-11. 

26. Shafique, M.S., M.N. Asghar, M. Ashraf, S.A. Prathapar, and M. 
Aslam. 2004. Guidelines for irrigation scheduling with skimmed 
groundwater to manage root zone salinity –a preliminary framework. 
In: Asghar, M.N., M.S. Shafique, S. Ahmad and M.A. Kahlown 
(Eds.), 2004. Root zone salinity management using fractional 
skimming wells with pressurized irrigation: Proceedings of the year-
end seminar 2000. Lahore, Pakistan: International Water 
Management Institute (IWMI). 101-141. 

27. Yasin, M., S. Ahmad, M.M. Ahmad, G. Akbar, and Z. Khan, 2004. 
Dugwell as an option of skimming well. In: Asghar, M.N., M.S. 
Shafique, S. Ahmad and M.A. Kahlown (Eds.), 2004. Root zone 
salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2000. 
Lahore, Pakistan: International Water Management Institute (IWMI). 
22-34. 

Postgraduate Thesis 

28. Akbar, G., 2000. Performance of sprinkler irrigation system using 
shallow skimmed groundwater. M. Sc. Thesis. Department of 
Agricultural Engineering, N.W.F.P University of Engineering and 
Technology, Peshawar. 

29. Ali, G., 2000. Study of upconing of fresh and saline groundwater 
interface under scavenger wells. M. Phil. Thesis. Center of 
Excellence in Water Resources Engineering, University of 
Engineering and Technology, Lahore. 
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C.3 Submission of Phase –I 
completion/annual report 

Against The Agreed Output(s) 

30. Asghar, M.N., M.S. Shafique, S. Ahmad, and M.A. Kahlown. Annual 
progress report 1999-2000. June 2000. 

C.4 Seminar Against The Agreed Output(s) 

31. Asghar, M.N., M.S. Shafique, S. Ahmad and M.A. Kahlown (Eds.). 
Proceedings of year-end seminar 2000. June 2000. 

Additional Output(s) 

32. Asghar, M.N., M.S. Shafique, S. Ahmad and M.A. Kahlown (Eds.), 
2004. Root zone salinity management using fractional skimming 
wells with pressurized irrigation: Proceedings of the year-end 
seminar 2000. Lahore, Pakistan: International Water Management 
Institue (IWMI).  

Phase II –SECOND YEAR: March 2000-February 2001 

A Installation of skimming well, 
Pressurized irrigation system 

Against The Agreed Output(s) 

Two additional dugwells were completed in the Mona project area. 

Two raingun sprinkler systems were installed on 5 and 15 acres at 
farmers‘ fields. 

One trickle system was installed on 3 acres at another farmer‘s field. 

Two multi-strainer fractional skimming wells, having 4 and 6 number of 
strainers, were installed. 

Detailed monitoring was also carried out at a farmers‘ skimming well that 
have 16-strainers, and at a shallow tubewell. 

At six different locations, observation wells for depth to water table and 
water quality with depth monitoring were installed to observe saline water 
upconing phenomenon during different pumping regimes. 

C.5 Submission of Research 
Paper on the comparison of 
saline groundwater upconing 
characteristics under various 
tested skimming well 
arrangements 

Against The Agreed Output(s) 

33. Akbar, G., M. Yasin, S. Ahmad, Z. Khan, and M. Ashraf, 2001. 
Hydro-chemical performance of a dugwell for skimming shallow fresh 
groundwater. Sarhad Journal of Agriculture, Volume 17 (3) N.W.F.P. 
Agricultural University, Peshawar: 395-400. 

34. Ashraf, M., M. Aslam, M.M. Saeed, and M.S. Shafique, 2001. Effect 
of intermittent pumping on the water quality of multi-strainer 
skimming wells. Proceedings of the 2nd National Seminar on 
Drainage in Pakistan, Department of Irrigation and Drainage, 
University of Agriculture, Faisalabad. Volume I: 200-211. 

35. Jaffery, S.H.M., A.B. Sufi, and M.M. Alam, 2001. Field testing of 
fractional skimming wells for root zone salinity management. 
Proceedings of the 2nd National Seminar on Drainage in Pakistan, 
Department of Irrigation and Drainage, University of Agriculture, 
Faisalabad. Volume II. 48-55. 

36. Saeed, M.M., M.N. Asghar, M. Ashraf, and M.S. Shafique, 2001. 
Achieving irrigation and drainage objectives by improving efficiency 
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of shallow tubewells installed at the farmers‘ fields. Proceedings of 
the 2nd National Seminar on Drainage in Pakistan, Department of 
Irrigation and Drainage, University of Agriculture, Faisalabad. 
Volume I: 161-169. 

37. Saeed, M.M., M. Ashraf, M.N. Asghar, M. Bruen, and M.S. Shafique, 
2002. Farmers‘ skimming well technologies: Practices, problems, 
perceptions and prospects. Working Paper No. 40, International 
Water Management Institute, Lahore, Pakistan: 46p. 

38. Saeed, M.M., M. Ashraf, M.N. Asghar and M.S. Shafique, 2004. 
Diagnostic analysis of farmers‘ skimming well technologies in the 
Indus basin. In: Asghar, M.N., M.S. Shafique, M. Yasin and M.M. 
Alam (Eds.), 2004. Root zone salinity management using fractional 
skimming wells with pressurized irrigation: Proceedings of the year-
end seminar 2001. Lahore, Pakistan: International Water 
Management Institue (IWMI). 60-79. 

Additional Output(s) 

39. Alam, M.M., S.H.M, Jaffery, M. Hanif, and M.H. Sufi. Root zone 
salinity management using fractional skimming wells with 
pressurized irrigation: Mona contribution. Internal Report 2001/03. 
August 2001 

40. Alam, M.M., S.H.M, Jaffery, M. Hanif, and M.H. Sufi. Installation/field 
testing of skimming wells for management of fresh-saline water 
interface. Internal Report 2001/2. August 2001. 

41. Jaffery, S.H.M., A.B. Sufi, and M.M. Alam. Impact of number of well 
points of skimming well on the saline-fresh water interface. June 
2001. 

42. Saeed, M.M., M. Ashraf, M.N. Asghar, and M. Bruen. Farmers‘ 
skimming well technologies: Practices, problems, perceptions and 
prospects. May 2001. 

43. Saeed, M.M., M. Ashraf, M.N. Asghar, and M.S. Shafique. 
Diagnostic analysis of farmers‘ skimming technologies in the Indus 
basin of Pakistan. June 2001. 

44. Saeed, M.M., M. Bruen, M. Ashraf, M.N. Asghar. Design of a multi-
level sampling well for monitoring hydro-salinity behaviour under 
shallow tubewells. June 2001. 

45. Yasin, M., S. Ahmad, R. Roohi, R. Majeed, S.A. Hussain, A. Rehan, 
and M.M. Ahmad. Assessment of hydrological potential for 
installation of dugwells: Development of practical methodology. June 
2001. 

Newspaper Article(s) 

46. Qureshi, M.A., 2001. SCARP project –Performance and current 
actions. Dialy Khabrain, May 19, 2001. 

47. Saeed, M.M., 2001 Use of agricultural tubewell: Some 
recommendations. Dialy Khabrain, May 2, 2001. 

C.6 Submission of Research 
Paper on the performance of 
the low cost pressurized 
irrigation systems installed at 

Against The Agreed Output(s) 

48. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, Z. Khan and R. 
Majeed, 2004. Performance evaluation of locally manufactured 
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various locations in the 
MREP project area 

raingun sprinkler irrigation systems. In: Asghar, M.N., M.S. Shafique, 
M. Yasin and M.M. Alam (Eds.), 2004. Root zone salinity 
management using fractional skimming wells with pressurized 
irrigation: Proceedings of the year-end seminar 2001. Lahore, 
Pakistan: International Water Management Institue (IWMI). 1-32. 

49. Akbar, G., M. Ashraf, T.A. Khan, and M. Iqbal, 2001. Problems and 
potentials of sprinkler irrigation system in Pakistan. Pakistan Journal 
of Biological Sciences, Volume 4 (Supplementary Issue No. 2). 181-
183. 

50. Akbar, G., M. Yasin, S. Ahmad, M.M. Ahmad, M. Ashraf, 2001. 
Comparative performance of sprinkler and surface irrigation 
methods. Sarhad Journal of Agriculture, Volume 17 (4), N.W.F.P. 
Agricultural University, Peshawar: 601-608. 

51. Akber, G., S. Ahmad, M. Yasin, Z. Khan, and T.A. Khan, 2001. 
Hydraulic performance of raingun sprinkler irrigation system using 
low capacity dugwell. Journal of Engineering and Applied Sciences, 
Vol. 20, No. 2: 90-99. 

52. Jaffery, S.H.M., A. B. Sufi and M.M. Alam, 2004. Impact of number 
of well points of skimming well on the saline-fresh water interface. In: 
Asghar, M.N., M.S. Shafique, M. Yasin and M.M. Alam (Eds.), 2004. 
Root zone salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2001. 
Lahore, Pakistan: International Water Management Institue (IWMI). 
50-59. 

53. Yasin, M., M.M. Ahmad, and A. Iqbal, 2001. Hydraulic performance 
of locally made raingun sprinkler-system under different pressure 
and discharge functions. Science Vision, An International Quarterly 
Journal of the Commission on Science and Technology for 
Sustainable Development in the South (COMSATS), Vol. 6(4): 1-10. 

54. Yasin,M., S. Ahmad, R. Roohi, R. Majeed, S.A. Hussain, A. Rehan 
and M.M. Ahmad, 2004. Assessment of hydrological potential for 
installation of dugwells: Development of practical methodology. In: 
Asghar, M.N., M.S. Shafique, M. Yasin and M.M. Alam (Eds.), 2004. 
Root zone salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2001. 
Lahore, Pakistan: International Water Management Institue (IWMI). 
33-49. 

Additional Output(s) 

55. Ahmad, S., M. Yasin, M.M. Ahmad, G. Akbar, Z. Khan, and R. 
Majeed. Performance evaluation of locally manufactured raingun 
sprinkler irrigation systems. June 2001. 

56. Akber, G., T.A. Khan, S. Ahmad, M. Yasin, and Z. Khan. 
Performance of raingun sprinkler irrigation system under variable 
pumping level. September 2001. 

C.7 Submission of Research 
Paper about the Irrigation 
scheduling methodology 
adopted and the results 
obtained for root zone 

Against The Agreed Output(s) 

Field trials were conducted at farmer‘s field at Nabishah, Bhalwal. 

Depth to water table varied between 2.5 to 4.5 m throughout the year. 

Multi-strainer skimming well discharge ranged between 28 to 30 lps, and 
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salinity management under 
different conditions within the 
MREP project area 

the quality of skimmed water varied from 1.08 to 1.12 dS/m. 

Soil type is loamy sand, and is deficient in organic matter (0.4% only). 

Corn –salt sensitive, wheat –salt tolerant, and jantar –leguminous crop for 
reclaiming to the soil, were grown while conducting irrigation scheduling 
trials. 

57. Ahmad, M.M., S. Ahmad, M. Yasin, and M. Shafiq, 2001. Issues and 
potential of marginal quality waters for irrigation. Proceedings of the 
2nd National Seminar on Drainage in Pakistan, Department of 
Irrigation and Drainage, University of Agriculture, Faisalabad. 
Volume I: 258-268. 

58. Ashraf, M., M.M. Saeed, and M.N. Asghar, 2001. Evaluation of 
resource conservation technologies under skimmed groundwater 
applications. Journal of Drainage and Water Management, Vol. 5, 
No. 2. Pakistan Council of Research in Water Resources, 
Islamabad, Pakistan. 19-28. 

59. Ashraf, M., M.N. Asghar, and M.M. Saeed, 2001. Evaluation of 
alternate and regular furrows under skimmed groundwater 
applications. Journal of Drainage and Water Management, Vol. 5, 
No. 1. Pakistan Council of Research in Water Resources, 
Islamabad, Pakistan: 13-22. 

60. Ashraf, M., M.N. Asghar, M.S. Shafique and M.M. Saeed, 2004. 
Irrigation scheduling with skimmed groundwater to manage root-
zone salinity. In: Asghar, M.N., M.S. Shafique, M. Yasin and M.M. 
Alam (Eds.), 2004. Root zone salinity management using fractional 
skimming wells with pressurized irrigation: Proceedings of the year-
end seminar 2001. Lahore, Pakistan: International Water 
Management Institue (IWMI): 80-104. 

Additional Output(s) 

61. Ashraf, M., M.N. Asghar, M.S. Shafique and M.M. Saeed. Irrigation 
scheduling with skimmed groundwater to manage root-zone salinity. 
June 2001. 

Postgraduate Thesis 

62. Ahmad, N., 2001. Evaluation of effectiveness of sulphurous acid 
generator in treating the sodic water under different scenarios for 
wheat crop. M. Phil. Thesis. Center of Excellence in Water 
Resources Engineering, University of Engineering and Technology, 
Lahore. 

C.8 Submission of Phase –II 
completion/annual report 

Against The Agreed Output(s) 

63. Asghar, M.N., A.S. Qureshi, M. Yasin, and M.M. Alam. Annual 
progress report 2000-2001. June 2001. 

C.9 Seminar Against The Agreed Output(s) 

64. Asghar, M.N., M.S. Shafique, M. Yasin and M.M. Alam (Eds.). Root 
zone salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2001. 
Lahore, Pakistan: International Water Management Institue (IWMI). 
June 2001 
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Additional Output(s) 

65. Asghar, M.N., M.S. Shafique, M. Yasin and M.M. Alam (Eds.), 2004. 
Root zone salinity management using fractional skimming wells with 
pressurized irrigation: Proceedings of the year-end seminar 2001. 
Lahore, Pakistan: International Water Management Institue (IWMI). 

Phase III –THIRD YEAR & EXTENSION PERIOD: March 2001-June 2003 

C.10 Submission of Site-specific 
reports about the installation 
of field tested and improved 
skimming source 
pressurized irrigation 
systems in the SCARP II 
Saline Zone / MREP project 
area 

Against The Agreed Output(s) 

66. Alam, M.M., S.H.M. Jaffery, and M. Hanif, 2002. Installation and field 
testing of improved fractional skimming well source raingun 
pressurized irrigation system: Site specific report. Internal Report 
2002/14. December 2002. 

67. Yasin, M., M.M. Ahmad, G. Akber, and Z. Khan, 2003. Installation of 
skimming (gravity and suction) source pressurized irrigation systems 
in the SCARP II Saline Zone / MREP project area. June 2003. 

Postgraduate Thesis 

68. Saeed, M.M., 2003. Survey of current practices, assessment of 
modeling tools, and development of guidelines for improving design 
and operation of skimming wells in Pakistan. Ph.D. Thesis. 
Department of Civil Engineering, University College Dublin, Republic 
of Ireland. February 2003. 

C.11 Submission of Research 
Paper on management of 
saline-fresh groundwater 
interface in the SCARP II 
Saline Zone / MREP project 
area 

Against The Agreed Output(s) 

69. Asghar, M.N., M.M. Saeed, and M. Ashraf, 2003. Skimming wells –
Perceptions, problems, and potential: A case study of the Chaj Doab 
in the Indus Basin, Pakistan. Paper submitted to Irrigation and 
Drainage. 

70. Asghar, M.N., M.M. Saeed, and M. Ashraf, 2003. Skimming wells –
Design parameters and operational management strategies: A case 
study of the Chaj Doab in the Indus Basin, Pakistan. Paper 
submitted to Irrigation and Drainage. 

Additional Output(s) 

71. Alam, M.M., S.M.H. Jaffery, and M. Hanif, 2002. Revised 
methodology for the selection of sites and farmers in SCARP-II 
Saline Zone area Sargodha for root zone salinity management with 
pressurized irrigation under NDP. July 2002. 

72. Alam, M.M., G. Murtaza, and N. Khan, 2002. Impact of transition of 
SCARP tubewells on the availability of groundwater. Proceedings of 
the Second South Asia Water Forum, 14-16 December 2002, 
Islamabad, Pakistan: 247-255. 

73. Ali, G., 2002. Geo-electrical studies for groundwater investigations at 
the experimental farms of International Water Management Institute 
(IWMI), Sargodha. GeoScience Associates, Lahore, April 2002. 

74. Ali, G., M.N. Asghar, M. Latif, and Z. Hussain, 2004. Optimizing 
operational strategies of scavenger wells in lower Indus basin of 
Pakistan. Agricultural Water Management, 66 (2004): 239-249. 
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75. Raza, Z.I, and M.S. Rafiq, 2002. Trend in groundwater quality under 
different depths of SCARP tubewells in Mona Unit. Proceedings of 
the Second South Asia Water Forum, 14-16 December 2002, 
Islamabad, Pakistan: 341-348. 

76. Asghar, M.N., 2004. AW-146 Irrigation wells. Accepted for inclusion 
into the Encyclopedia of Water, John Wiley & Sons, Inc., New York, 
USA.  

77. Asghar, M.N., 2004. AW-302 Skimmed groundwater. Accepted for 
inclusion into the Encyclopedia of Water, John Wiley & Sons, Inc., 
New York, USA. 

C.12 Submission of Paper on 
comparison of actual and 
simulation results regarding 
the movement of saline 
groundwater upconing 
phenomenon 

Against The Agreed Output(s) 

78. Alam, M.M., S.H.M. Jaffery, and M. Hanif, 2002. Guidelines for 
management of saline-fresh water interface in fractional skimming 
wells. Proceedings of the Second South Asia Water Forum, 14-16 
December 2002, Islamabad, Pakistan: 387-398. 

79. Asghar, M.N., S.A. Prathapar, and M.S. Shafique, 2002. Extracting 
relatively-fresh groundwater from aquifers underlain by salty 
groundwater. Agricultural Water Management 52 (2002): 119-137. 

80. Asghar, M.N., M.M. Saeed, M. Ashraf, and A.S. Qureshi, 2002. 
Potential of skimming wells for extracting relatively-fresh 
groundwater from unconfined aquifers underlain by saline 
groundwater. Proceedings of the 2nd International Conference on 
New Trends in Water and Environmental Engineering for Safety and 
Life: Eco-compatible Solutions for Aquatic Environments, Capri, Italy, 
June 24-28, 2002. 

81. Saeed, M.M., M. Ashraf, and M. Bruen, 2002. Diagnostic analysis of 
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Conclusions and Recommendations 

The premise of this study was that the skimming wells installed and operated by farmers often 

encounter problems of deteriorating water quality and reduction in discharges. These problems are 

the results of inadequate designs and poor operational strategies followed by farmers. Furthermore 

skimmed groundwater use is undertaken without full awareness of the hazard represented by its 

quality, which is causing serious soil salinity problems. Therefore, the design and management 

strategies for skimming wells need to be revisited and improved. In this study, the existing design and 

operational strategies of skimming wells in the Chaj doab area of Pakistani Punjab are evaluated 

using transient modeling approach. Based on modeling simulations, the following conclusions can be 

drawn: 

 

 The GIS based temporal and spatial analysis of deep groundwater quality provided 

information of potential locations to develop skimming wells to pump shallow fresh 

groundwater. This will be having higher impact on the control of water table depth and 

management of root zone salinity, rather than pumping saline groundwater from deeper 

depths.  

 The PRA techniques helped in sharing information regarding the performance, practices and 

constraints with farmers‘ skimming wells. Group discussions with farmers gave them 

confidence and many information were shared during these group discussions, which farmers 

were reluctant to share during individual talks. Moreover, arranged group meetings proved 

more effective than surprise visits to farmers. The quality of groundwater is a function of 

depth and farmers are well aware of this fact. 

 The PRA results also showed that farmers were more interested in quantity of the water 

rather than the quality and their well design was influence by this factor. As a consequence, 

the skimming wells were not performing their operation economically. The decision regarding 

the well design lies with the farmer and he picks one of the design options provided by the 

local driller. While giving the options, the local driller has his own business interest. Both the 

farmers and drillers are the target group to enhance their technical knowledge. Any training 

program to enhance the technical knowledge must involve both the farmers and drillers.  

 A wide variation in farmers‘ skimming well design indicated the absence design codes for 

farmers‘ skimming wells. There is an imperative need to define the design and operational 

parameters of the skimming wells on the bases of hydro-geological environment of the area. 

The PRA helped in solving the problems with farmers‘ skimming wells. The systematic and 

step-by-step approach helped in developing methodology to under take technical research in 

farmer‘s friendly way. Moreover, the technical intervention with farmers‘ participation 
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improved the skimming well technology. The results of these methods showed that farmers 

own the outcome of such research. 

 The farmer‘s present practices regarding design, operation and use of skimmed groundwater 

are not consistent with the hydro-geological conditions prevailing in the study area. The 

continuation of these practices could lead to serious land and aquifer degradation problems 

that can threaten the long-term sustainability of irrigated agriculture in this area. 

 The critical discharge rate is not an appropriate criterion in using skimming wells to pump 

fresh groundwater lenses. Various factors such as water salinity in the aquifer, the tolerable 

limits of salinity of pumped water, and economics of the operation must be taken into account 

while making a decision regarding the design and the operational management strategies of 

conventional skimming wells. Furthermore, the rate of recharge (due to deep percolation from 

irrigation application, canal seepage, and rainfall) is also an important parameter that effects 

the operational management strategies of conventional skimming wells installed in the 

shallow fresh groundwater aquifers underlain by salty groundwater. 

 Daily operational hours impacts significantly on the quality and quantity of pumped 

groundwater. From field observations, a skimming well having 1.5m horizontal distance from 

suction point of four to six strainers with 60% well penetration ratio can be operated 

intermittently for 4-6 h/d under drought conditions. This will be cost-effective and the 

application of pumped water will also be less harmful to soil and crop. However, while making 

a decision regarding the design and the operational management strategies of skimming 

wells, various factors such as water salinity in the aquifer, the tolerable limits of salinity of 

pumped water, and economics of the installation and operation, must be taken into account. 

 The multi-level sampling well is cost effective, easy to install and operate. The sampling well 

works well in unconsolidated cohesion less sand, which collapse around the tubes once the 

casing has been removed. The observation well is suitable only for areas where the water 

table is shallow enough to allow sampling with a suction device. The suction bottles allow 

collecting water samples free of contamination as a separate bottle is used for each tube. 

 The number of strainers for skimming wells can be reduced to 6 from 22 without 

compromising on discharge rates. This will reduce the initial installation costs as well as 

energy consumption for their operation. Under the hydro-geological conditions prevailing in 

the area, the discharges of skimming wells should not be more than 8 l/s and they should not 

be operated for more than 4–6 hours per day to avoid deterioration of pumped water quality 

and reduction in discharge. Skimming wells should mainly be used for supplemented 

irrigation rather than full-scale irrigation with surface irrigation methods. Due to low 
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discharges of skimming wells, pressurized irrigation methods should be preferred for 

irrigating field crops with the skimmed water.  

 In irrigated areas, the fields have formal settings (mainly rectangular with one acre length), 

and to overcome this limitation, the Py1-30 raingun was used in several settings while 

designing the systems to cover the whole field. Although, this raingun cost-effectively 

(including capital, repair and maintenance, and operational costs) be used in the irrigated 

agricultural areas too, but its use may present some operational difficulties while covering the 

whole field in one setting. Therefore, the manufacturing of Py1-40 was made possible with the 

help of MECO – Lahore-based local manufacturer of raingun sprinkler systems, and the 

performance of this raingun was tested in the field under this project, which indicated the use 

of Py1-40 was also economical feasible, technically attractive and operational friendly to suite 

the local field settings of the irrigated agricultural areas. 

 The timing of irrigation is the most important factor when irrigation management includes 

salinity considerations, and the use of evaporation pan may help the common farmers to 

identifying the timing of irrigation. In this project, modifications have been made in the Class 

A evaporation pan to make it is simple to use, but additional fieldwork is needed to generalize 

its use for different crops grown under different agro-climatic conditions. 

 The application efficiency of alternate and regular furrows was 55 and 38%, respectively. The 

water use efficiency obtained from alternate and regular furrows were 1.70 and 1.10 kg, m
-3

 

respectively. Alternate furrows require less water input per irrigation and reduces the 

pumping cost without reducing crop yield significantly. The salinity in the root zone increases 

with the application of skimmed groundwater. However, with the application of the same 

quality skimmed water, the soil salinity in alternate furrows was relatively less than regular 

furrows most probably due to the less application of skimmed water. 

 To sustain crop production, reduce soil salinity hazard and prevent aquifer degradation, well 

discharge of 8 l/s with 2 hours per day operation after every week will be the best 

management strategy for this area. By adopting this strategy long-term availability of 

groundwater of acceptable quality can be ensured, which is an essential element for 

sustaining crop production. Weekly operational schedule of skimming wells is in concurrence 

with the existing 7 days canal water distribution cycle therefore it will be much more practical 

for farmers to adopt this schedule. This schedule can maintain near optimal crop yields 

without compromising on environmental sustainability. 

 

It is recommended to: 
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 There is a need to conduct a comprehensive evaluation of existing practices for the 

installations and operation of skimming wells in saline groundwater areas under different 

hydro-geologic and hydro-salinity conditions. This will help in understanding the current 

situation, identifying gaps in the existing knowledge and to refine guidelines for sustainable 

operation of skimming wells in the Indus Basin. 

 Skimming wells are only appropriate in saline groundwater areas with thin (i.e., less than 

30m) and shallow, relatively fresh, groundwater lenses. Therefore, areas of the basin where 

skimming well technologies are appropriate must be delineated to enable targeted application 

to improve livelihoods of the rural farmers through contribution to agricultural development. 

 Additionally, for maintaining quality of pumped groundwater in irrigated agricultural areas 

under semi-arid environment of Pakistan, it is necessary to understand the interactions 

(vertical and lateral recycling of salts) between surface and groundwater resources resulting 

from different recharge and discharge regimes at basin level. Therefore, computer 

simulations should be carried out to evaluate environmental sustainability and long-term 

availability of groundwater resources. 

 For developing generalized guidelines regarding design parameters and operational 

management strategies, it is recommended to simulate skimming wells under different initial 

conditions, hydrogeology, fresh lens geometry, and recharge regimes. This study provides 

methodology and modeling tools for such evaluations. 

 Cost of pumped water decides the operation management strategies; therefore, it is 

recommended to have a cost analysis for illustrating cost-effectiveness of the different 

management alternatives (i.e., number of strainers, length of operating hours). Computer 

simulation study is also recommended to define the design and operational management 

strategies of skimming wells under different hydro-geological and agro-climatic conditions. 

 The hydraulic performance of locally manufactured raingun sprinkler systems is comparable 

with the similar imported systems, and they are cost-effective too. The same is true for locally 

manufactured trickle irrigation system. However, further studies should be undertaken to 

evaluate adequacy and suitability of these raingun sprinkler systems for different crops, water 

availability, and energy requirements. Similarly, further studies are also needed to evaluate 

the trickle irrigation system under various irrigation management conditions for optimum 

production of orchards and other valuable crops. 

 Farmers need to adopt better management strategies for the use of available water 

resources (quantity and quality) to overcome problems of land degradation and consequent 

crop yield reductions. Relevant extension agencies should play more active role in educating 

farmers by introducing the research results to the farming communities. 
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 In Punjab and the LIB, the quality of extracted groundwater, even if it is skimmed, remained 

relatively saline compared with the canal water, therefore, investigations should be made to 

evaluate long-term effects of different quality of irrigation waters on crops and soil profiles. 

The results of these modeling studies should be used to prepare guidelines for the extension 

workers and farming community to improve management of different sources of irrigation 

water to halt environmental degradation, and foster crop production. 
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Site Selection Methodology 

INTRODUCTION 

Physiography and climate 

Country‘s geographical area is around 88.2 million hectares including the Northern Areas. The 

country has a great diversity of bio-climates and correspondingly a great diversity of vegetation types 

and fauna. The major habitats in the country range: a) from flood plains, arid plains, and sand and 

piedmont deserts to a variety of forests; b) grassy tundra and cold deserts; and c) lakes, rivers, 

swamps, and coastal marine habitats. Physiographically the country can be divided into three major 

regions: a) high northern mountains; b) Indus plain; and c) lower and more arid western highlands. In 

addition to these, a relatively small area in the northwest of the Indus plain comprises the Pothwar 

plateau and Salt range, which have elevations ranging between 450 to 600 m. The plateau has 

badlands topography due to dissection by water and wind erosion (NCS 1991). Notwithstanding the 

diversity of topography and climate, Pakistan is basically a dry country of the warm Temperate Zone. 

Except for a small strip of the sub-tropical terrain in the Punjab and the wet zone on the southern 

slopes of the Himalayan and Karakoram mountain ranges, most of the country is arid or semi-arid 

steppe land. In all, more than three-fourths of the country has less than 250-mm rainfall (NCS 1991). 

Land use 

Forest area is 5.3% of the country‘s geographical area. This area is defined legally and not 

biologically because of the definitional difficulty due to the colonial legacy. As a result, estimate of 

forest area is insensitive to the number of trees, but responsive to changes in areas commanded by 

the Forest Department. Therefore, the increase in forest area of around 3%, at the time of 

independence, to 5.3% has no correlation with the quantum of forestry in the country. On the 

contrary, widespread anecdotal evidence –in the form of political statements, record of public 

hearings and journalists‘ accounts – suggest that there has been a significant reduction in natural 

forests over the last 30-40 years, a process which may feel is still continuing (GOP et al. 1992; NCS 

1991; Shah 1989; Ali 1990; Minissale 1991). The loss of vegetation especially in watershed areas has 

direct impact on erosion of top fertile soil and increased sediment load to the stream flow. The 

sediment load in the stream flow ultimately affects the live storage of the large hydropower reservoirs. 

Thus, reducing the capacity for storage of water and power generation.  

Country‘s cultivable area is 24.6 million ha. Around 12 million ha are under forage and forests (GOP, 

1998). This makes 36.6 million ha suitable for agriculture and forestry. Rest 43 million ha is not 

suitable for agriculture and forestry within existing framework except for rough grazing in certain 

places. Sustainable development of water in this area is one of the major limitations for expansion of 

agriculture and forestry. Out of cultivable area of 24.6 million ha, 18 million ha are under irrigation 
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from canals, tubewells, wells, springs, streams, etc. Rest 6.6 million ha is under Barani and 

indigenous water harvesting systems.  

Surface water resources 

Main source of surface water is the Indus basin irrigation system. It consists of river Indus, its eastern 

tributaries of Jhelum, Chenab, Ravi and Sutlej, and northern and western tributaries of Kabul, Swat, 

Haro and Soan. Indus Water Apportionment Accord assumes a total allocable supply of 141 billion 

m
3
, which is 12 billion m

3
 higher than existing canal withdrawal. This increase is based on the 

assumption that the outflow in to delta can be decreased from its current average level of 25-30 billion 

m
3
 to about 12 billion m

3
. The system fed by glacier and snowmelt and rainfall primarily outside the 

Indus basin, records average annual river flows of approximately 172 billion m
3
 (WSIPS 1990). 

However, flows exhibit considerable variations, both annually and seasonally: annual flows range 

between 231 billion m
3
 in 1959-60 and 124 billion m

3
 in 1974-75, and the average Kharif flow of 142 

billion m
3
 is over five times the average Rabi flow of 27 billion m

3
 (Mohtadullah et al. 1991). Indus 

system includes three main artificial reservoirs at Mangla, Tarbela and Chashma with original total 

live storage capacity of 19 billion m
3
 which has reduced to 18 billion m

3
 by 1988 (GOP et al. 1992). 

The recent estimates made by WAPDA indicated that about 22% and 17% live storage capacity of 

Tarbela and Mangla reservoirs have been lost, respectively. This means that today the total live 

storage capacity of the three large reservoirs is around 15 billion m
3
 (PWP 1999). 

Indus basin irrigated agriculture 

Importance of agriculture sector in the economy of Pakistan can be viewed from the factor that it 

contributes 25% to the gross domestic product of the country and provides job opportunities for 55% 

of the labour force. It also accounts for 80% of total export earnings of the country (GOP 1998a). 

Within the agriculture sector, irrigation plays a predominant role as it provides 90% of total wheat 

production of the country and almost 100% of cotton, sugarcane, rice, fruits and vegetables mainly 

within 16.4 million hectares of the Indus basin. Also, the irrigation sector plays a major role in the 

industrialisation process of Pakistan with the production of cash crops (cotton, sugarcane, citrus, 

mango) and dairy cattle. 

During the 60s and 70s, the country benefited from the technological development of the Green 

Revolution through improvements in self-reliance of agriculture and food products due to significant 

increases in cropping intensities and crop yields. The irrigated area has increased from 9.1 million 

hectares in 1947 to about 18 million hectares in 1998 (GOP 1998b). This doubling in irrigated area in 

50 years is a major factor in increasing agricultural productivity. Coupled with increase in cropping 

intensity of 60% in 1947 to 120% in 1998 provided a 4 fold increase in production compared to 1947 

level of productivity. This four-fold increase was mainly due to increase in water availability from both 
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surface and groundwater sources. This is a sufficient indicator that water contributed more than 

Green Revolution for enhancing production and productivity. 

By the end of 80s, several signals suggested that the period of agricultural output growth was over, 

with the productivity per unit of land of the main crops becoming stagnant or even following a 

decreasing trend (GOP 1998b; World Bank 1994; Bandaragoda and Firdousi 1992). With a 

population estimated at more than 132 million inhabitants today that is expected to reach 171 million 

by the year 2010 the demand for food products is expected to continue to grow. Thus, unless there 

are significant improvements in agricultural productivity and total production atleast in the same order 

of magnitude as those recorded during the Green Revolution period, the imbalance between supply 

and demand of basic agricultural goods is expected to increase in the future and to threaten the self-

reliance objective of Pakistan. 

Problems associated with Indus basin irrigated agriculture 

Problems associated with irrigation system are the main cause for low productivity of the Indus basin. 

Although the benefits of irrigation per unit area are fully recognised under the arid environment of 

Pakistan, little would grow without irrigation, the irrigation sector has become increasingly the target 

of criticisms and considered as the main cause for productivity problems in agriculture because of 

water scarcity, in-efficiency, inequity and sustainability issues. The sustainability issues are salinity 

and waterlogging. The soil salinity and sodicity is due to the use of poor quality groundwater. About 

35% of the total agricultural water use is from the groundwater. Waterlogging and salinity are the twin 

problems of the Indus basin irrigated agriculture due to the seepage from large and extensive network 

of earthen canals and watercourses covering a gross canal command area of 16.4 million hectares. 

During 60s almost half of the command area was affected by waterlogging and salinity to an extent 

that agricultural productivity was adversely affected. 

Salinity control and reclamation projects 

The government of Pakistan initiated the Salinity Control and Reclamation Projects (SCARP) in the 

Indus basin during early 60s and about 37 projects have been completed. The total program cost was 

around Rs. 20 billion. The program involved construction of about 20,801 deep tubewells and 10,344 

kms of surface and sub-surface drains on around 42,666 hectares of land, with the purpose of 

controlling the water table and augmenting irrigation water supplies (MREP 1998). Soon after the 

completion of early SCARPs, it was realised that with the increased water supplies, conveyance and 

application losses were increased significantly, water quality changed and virtually no improvement in 

cropping intensities was taking place. 

In order to identify the problems related to SCARPs and to develop solutions, the Mona Reclamation 

Experimental Project (MREP) was established in 1965. It is located at a distance of about 200 kms 

from Lahore, and is a part of Tehsil Bhalwal of the Sargodha district. The Lower Jhelum Canal bound 
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the project area on the north and the river Jhelum on the east. The northern branch of the Lower 

Jhelum Canal and the Sargodha-Gujrat road forms the southern boundary. The motorway passes 

through the centre of the project area. The project covers a gross area of 71742 hectares, with 308 

SCARP tubewells in the Mona and Shahpur SCARP Units. The individual design discharges of 

tubewells vary from 28 to 113 litres per second (MREP 1998). 

Background of the project 

Groundwater exploitation for agricultural, municipal, and industrial uses is severely hampered in many 

parts of the world by the encroachment of brackish groundwater (Wirojanagud and Charbeneau, 1985 

and Motz, 1992). Examples of brackish groundwater intrusion are common in coastal aquifers, but 

are sometimes present in inland aquifers as well (Reilly and Goodman, 1985). Probably, the most 

important example of the latter case exists in the Indus Basin Irrigation System (IBIS). The IBIS has 

caused disruption of hydraulic regime due to seepage from extensive water conveyance and 

distribution system, as well as deep percolation from irrigation and precipitation. The native 

groundwater that existed in the pre-irrigation period (early 19
th
 century) was salty because of the 

underlying geologic formation being of marine origin. Now, this native salty groundwater is overlain by 

fresh groundwater due to seepage from rivers and canals of the IBIS. Thus, shallow fresh 

groundwater zone occurs between the native pre-irrigation and the present day water tables (Sufi and 

Javed, 1988; Sufi et al., 1997). 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the native 

groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow 

groundwater zone ranges from less than 60 m along the margins of Doabs (area enclosed between 

two rivers) to 30 m or more in the lower or central parts of Doabs. Recently, it has been estimated 

that nearly 200 billion m
3
 of fresh groundwater (mostly in the form of a thin layer) is lying on salty 

groundwater (NESPAK, 1983; Sufi, 1987; Sufi et al., 1992). Obviously, if proper technology is applied, 

the referred thin fresh groundwater layer can be skimmed from the aquifer with minimum disturbance 

of the salty groundwater zone. In the short irrigation water supply environment of Pakistan, such 

extractions would become a significant part of supplemental irrigation. 

The explosion of pumping technology in the private sector, high capacity tubewells of more than 28 

lps discharge are being installed even in the thin fresh groundwater zones. Farmers are normally 

interested to install tubewells of higher discharges to have efficient basin irrigation. This can be 

regarded as a psychological issue rather than based on techno-economics of tubewells or physical 

conditions of the aquifer. The problem of small discharges can be taken care by using pressurized 

irrigation systems, where efficient application is possible even with a discharge of as low as of 3 lps. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from the salty 

groundwater. The primary problem is that the tubewell discharges are too large for the given physical 
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situation of the aquifer. This is particularly true for the tubewells located in the central regions of 

Doabs in Punjab province of Pakistan. The exception would be tubewells located adjacent to rivers 

and large canals where large quantities of seepage are recharging the groundwater reservoir. Thus, if 

such tubewells are not replaced with fractional skimming wells, there is a serious concern that the 

pumped groundwater will become increasingly salty with time. Already, many high capacity public 

tubewells are being shutdown at the request of farmers in these areas, as the pumped water has 

become salty (saline, saline-sodic or sodic) with time. In addition, there is a high expectation that 

many private tubewells will have to be abandoned during the next coming years. Therefore, it is 

imperative to introduce fractional skimming well technology to address these future concerns. 

Taking into consideration the vital importance and urgent need for developing skimming wells and 

pressurised irrigation technology, a tripartite institutional arrangement (Water Resources Research 

Institute, NARC; Mona Reclamation Experimental Project, Bhalwal and the International Water 

Management Institute) was developed to initiate a collaborative project entitled "Root-Zone Salinity 

Management using Skimming Wells and Pressurised Irrigation Systems". The project was financed 

by WAPDA under the National Drainage Programme and initiated in the Target Area at the Mona 

Reclamation Experimental Project, Bhalwal during November 1998 

Criteria for selection of potential project locations 

The criteria for selection of potential project locations was based on following elements: 

 The deep groundwater quality of tubewells beyond 30 m should be either saline, saline-sodic 

or sodic. This can be verified by the quality of SCARP tubewells for which sufficient data are 

available. 

 The brackish groundwater is overlain by a layer of fresh groundwater having thickness either 

suitable for skimming dugwell (7.5-15 m) or tubewell (15-30 m). 

 The location is part of the Target Area (Mona Unit) and part of the cluster but meeting the 

above mentioned quality considerations. 

 Proximity to the Mona Field Office and accessibility especially during the rainy season to 

avoid problems associated with waterlogging. 

 Farmers willingness to participate in project interventions based on their genuine needs in 

relation to skimming wells and pressurized irrigation systems. 
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SPATIAL AND TEMPORAL ANALYSIS OF GROUNDWATER 

Location and purpose of the study 

In this study, Mona Unit area of SCARP II was selected covering the gross command area of 44516 

hectares with 138 tubewells. The pre-project water table was between 0 to 3.35 m during 1965, 

whereas it varies from 0.61 to 5 m during 1997. The pre-project cropping intensity was 99 %, whereas 

it is now 152 % during 1997 (MREP 1998). The study is aimed to conduct spatial and temporal 

analysis of groundwater quality and watertable depth in the Mona Unit to evaluate changes occurred 

in the project area during the last 32 years. The long-term geo-referenced groundwater data collected 

by the MREP were used for GIS analysis. Salinity and sodicity data were used to characterise and 

classify groundwater quality zones. Methodology was developed to characterise potential locations 

for design and installation of skimming wells and pressurised irrigation systems. This methodology 

can be adopted for sustainable development of groundwater in marginal to hazardous zones. 

Materials and methods 

Map of MREP was digitised using scale of 1:250,000. The water quality and water table depth data of 

138 tubewells were collected from the MREP representing the pre- and post-project periods of 1965-

66 and 1997, respectively. The tubewells locations were geo-referenced to prepare tubewell location 

map (Figure 1). Arc-Info software was used for digitisation and spatial and temporal analysis of 

groundwater data. 

Characterization and classification of groundwater salinity 

Water quality data include parameters like Total Dissolved Solids (TDS) in parts per million (ppm), 

Sodium Adsorption Ratio (SAR), and Residual Sodium Carbonate (RSC) in milli-equivelent per litre 

(meq/l). TDS represents the groundwater salinity, whereas the SAR and RSC represent the sodicity 

level of groundwater. Spatial databases of all the three parameters were developed for pre- and post-

project situation. Six classes of groundwater salinity were defined covering TDS of <500, 500-1000, 

1000-1500, 1500-2000, 2000-2500 and >2500 ppm. The first two classes having salinity of less than 

1000 ppm represent the freshwater zone, whereas the next two classes having salinity ranging 

between 1000-2000 ppm represent the marginal quality zone. The salinity classes of more than 2000 

ppm represent the hazardous groundwater zone. Statistical analysis of groundwater salinity was 

conducted to assess the extent of changes made during the study period of 32 years. The analysis 

includes distribution of 138 tubewells in relation to the salinity classes. The other parameters include 

minimum, maximum, average, median, mode and standard deviation of the distribution of 

groundwater salinity. 
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Characterization and classification of groundwater sodicity 

Classes for sodicity were defined at two levels covering SAR and RSC. Four classes were defined 

covering SAR of <5, 5-10, 10-15 and >15. SAR of <10 is classified as freshwater. The class having 

SAR between 10-15 represents marginal quality zone, whereas class having SAR of >15 represents 

hazardous zone. Nine classes were defined covering RSC of <1.25, 1.25-2.5, 2.5-3.75, 3.75-5.0, 5.0-

6.25, 6.25-7.50, 7.50-8.75, 8.75-10.0 and >10.0 meq/l. RSC of <2.5 is classified as freshwater. The 

class having RSC between 2.5-5.0 represents marginal quality zone, whereas class having RSC of 

>5 represents hazardous zone. Statistical analyses of groundwater sodicity in terms of SAR and RSC 

were conducted to assess the extent of changes made during the study period of 32 years. The 

analyses include distribution of 138 tubewells in relation to the sodicity (SAR and RSC) classes. The 

other parameters include minimum, maximum, average, median, mode and standard deviation of the 

distribution of groundwater sodicity (SAR and RSC). 

 

Figure 1. Tubewells location map of MREP area. 

Characterization and classification of groundwater quality zones 

Firstly, the zonation methodology was developed using TDS and SAR. Adding a third parameter of 

RSC further refined this zonation methodology. Three broad zones were identified representing fresh, 
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marginal and hazardous quality groundwater zones. The actual number of zones prevailing in a site-

specific situation would depend on the level of combinations emerged from the three zones. 

The marginal and hazardous zones of deep groundwater in SCARP areas are normally the potential 

zones for installation of skimming wells and pressurised irrigation systems. Therefore, distribution of 

tubewells in these zones was developed for further fine tuning of the methodology for site selection 

and design of skimming wells and pressurised irrigation systems. 

Classification of watertable depth 

Watertable depth data of pre- and post-project periods were collected for 138 tubewells of the Mona 

Unit. The watertable data were collected as depth in meters to the groundwater surface from the soil 

surface at the tubewell. Four watertable classes were defined covering depth of <1.0, 1.0-2.0. 2.0-3.0 

and >3.0 m. 

Spatial and temporal analyses 

Both the spatial and temporal analyses were made for groundwater quality and water table depth. 

The analyses were conducted to evaluate changes in project area based on groundwater quality and 

water table depth during the period of 32 years. After completing the parametric analysis, the 

groundwater salinity and sodicity maps were overlapped to characterise and classify the groundwater 

quality zones. These classes will be used to select locations for the development and testing of the 

skimming well and pressurised irrigation systems technology. The area under water table of less than 

3-m depth is classified as waterlogged. 

Results and discussions 

Characterization and classification of groundwater salinity 

Spatial maps of total dissolved solids were prepared for pre- and post-project periods (Figures 2 and 

3). The comparison of temporal data indicated that groundwater salinity of around 10.7 % project area 

has changed from less than 500 ppm to 500-1500 ppm. Improvements were observed in areas 

having water quality between 1500-2000 ppm. There were no significant changes in classes having 

salinity of more than 2000 ppm (Table 1). Groundwater of less than 1000 ppm is considered as 

freshwater. Pumping of groundwater from deeper depths has resulted into redistribution of salinity in 

the profile. This is a serious concern even the project area has significant recharge from the canal 

network or floods in the Monsoon season. The problem is more acute in areas having less recharge 

from the freshwater sources. 
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Figure 2. Spatial distribution of groundwater salinity of SCARP tubewells in MREP area 

(1965-66) 
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Figure 3. Spatial distribution of groundwater salinity of SCARP tubewells in MREP area 

(1997). 

The results of spatial and temporal analysis were further strengthened by statistical analysis of the 

groundwater salinity of tubewells under the salinity classes. There were 62 tubewells in the range of 

less than 500 ppm during 1965-66, which were reduced to 48 in 1997. This resulted into increase in 

number of tubewells in the range of 500-1000 ppm from 41 to 59. A similar trend was observed for 

rest of the classes (Table 2 and 3). The minimum and maximum levels of groundwater salinity were 

increased in the fresh and marginal zones, which is an indication of the deterioration of the fresh and 

marginal quality zones in a period of 32 years. 

Table 1. Classification of project area considering Total Dissolved Solids (TDS) of 

groundwater during 1965-66 and 1997 at MREP, Bhalwal. 

TDS Class (ppm) Project Area (%) Change (+ or -) (%) 

1965-66 1997 

< 500 37.80 27.13 - 10.67 

500-1000 33.02 42.45 + 9.43 

1000-1500 13.37 18.27 + 4.90 

1500-2000 11.67 8.06 - 3.61 

2000-2500 3.99 4.09 + 0.10 

> 2500 0.15 0.00 - 0.15 

Total 100.00 100.00 0.00 

Table 2. Statistical analysis of Total Dissolved Solids (TDS) of groundwater during 1965-66 

at MREP, Bhalwal. 

TDS Class 
(ppm) 

Number of 
Tubewells 

Min. 
TDS 

(ppm) 

Max. 
TDS 

(ppm) 

Average 
TDS 

(ppm) 

Median 
(ppm) 

Mode 
(ppm) 

Standard 
Deviation 

< 500 62 180 490 353.6 370 370 79.98 

500-1000 41 500 970 716.4 680 500 167.33 

1000-1500 15 1005 1440 1237.2 1250 - 149.17 

1500-2000 14 1504 1860 1693.4 1670 1660 112.27 

2000-2500 5 2050 2440 2224.0 2120 - 185.55 

> 2500 1 2610 2610 2610.0 - - - 

Table 3. Statistical analysis of Total Dissolved Solids (TDS) of groundwater during 1997 at 

MREP, Bhalwal. 

TDS Class 
(ppm) 

Number of 
Tubewells 

Min. 
TDS 

(ppm) 

Max. 
TDS 

(ppm) 

Average 
TDS 

(ppm) 

Median 
(ppm) 

Mode 
(ppm) 

Standard 
Deviation 

< 500 48 256 493 371.5 384 384 64.28 

500-1000 59 506 984 677.7 640 512 138.42 

1000-1500 21 1024 1488 1260.0 1280 1216 128.32 
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1500-2000 7 1528 1920 1697.3 1690 - 152.3 

2000-2500 3 2044 2142 2093.0 2093 - 49.0 

> 2500 - - - - - - - 

Characterization and classification of groundwater sodicity 

Sodium adsorption ratio 
Spatial maps of SAR were prepared for the pre- and post-project periods (Figures 4 and 5). The 

comparison of the temporal data indicated that groundwater sodicity in terms of SAR did not have any 

significant effect on groundwater quality as only 1.90 % area has changed from sodicity class of less 

than 5 to the next class of 5-10. Only less than 1.0% area has reduced in classes having sodicity of 

more than 10 but it could be considered as improvement under these classes (Table 4). Groundwater 

SAR of less than 15 is normally considered as non-sodic. 

The results of spatial and temporal analysis were further strengthened by statistical analysis of 

groundwater sodicity of tubewells under SAR classes. There were 85 tubewells in SAR class of less 

than 5 during 1965-66. The number of tubewells in this class was unchanged in 1997. There was an 

increase in number of tubewells from 23 to 28 in SAR class of 5-10. A similar trend was observed for 

rest of the classes (Tables 5 and 6). The minimum and maximum SAR levels of groundwater were 

increased in the SAR class of <5, which is an indication of the deterioration of fresh quality zone in a 

period of 32 years. Reduction in SAR was also observed in rest of the classes. 
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Figure 4 Spatial distribution of sodium adsorption ratio of SCARP tubewells in MREP area 

(1965-1966). 

 

Figure 5 Spatial distribution of sodium adsorption ratio of SCARP tubewells in MREP area 

(1997). 

Table 4. Classification of project area considering Sodium Adsorption Ratio (SAR) of 

groundwater during 1965-66 and 1997 at MREP, Bhalwal. 

SAR Class Project Area (%) Change in Project Area 
(+ or -) (%) 

1965-66 1997 

< 5 56.57 54.70 - 1.87 

5 – 10 19.10 22.62 + 3.52 

10 – 15 13.67 12.86 - 0.81 

> 15 10.66 9.82 - 0.84 

Total 100.00 100.00 0.00 

Table 5. Statistical analysis of Sodium Adsorption Ratio (SAR) of groundwater during 1965-

66 at MREP, Bhalwal. 

SAR 
Class 

Number of 
Tubewells 

Minimum Maximum Average Median Mode Standard 
Deviation 

< 5 85 0.30 4.60 2.12 1.90 1.80 1.07 
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5-10 23 5.05 9.90 7.02 6.70 5.05 1.51 

10-15 18 11.00 15.00 13.68 14.00 15.00 1.29 

> 15 12 15.80 24.00 18.32 18.00 16.00 2.59 

Table 6. Statistical analysis of Sodium Adsorption Ratio (SAR) at MREP, Bhalwal (1997). 

SAR 
Class 

Number of 
Tubewells 

Minimum Maximum Average Median Mode Standard 
Deviation 

< 5 85 0.70 4.80 2.20 2.10 1.40 1.06 

5-10 28 5.10 9.30 6.85 6.65 5.10 1.37 

10-15 16 10.15 14.65 12.21 12.20 10.60 1.75 

> 15 9 15.25 22.77 18.21 16.66 - 2.91 

Residual sodium carbonate 
Spatial maps of RSC were prepared for the pre- and post-project periods (Figures 6 and 7). The 

comparison of the temporal data indicated that groundwater sodicity in terms of RSC did not have any 

significant effect on groundwater quality rather there were improvements in groundwater sodicity 

(Table 7). These changes might be due to the use of amendments like gypsum and sulphuric acid to 

manage the sodic groundwater. 

The results of spatial and temporal analysis were further strengthened by statistical analysis of 

groundwater sodicity of tubewells under RSC classes. There were 77 tubewells in the RSC range of 

less than 1.25 meq/l during 1965-66, which were increased to 89 in 1997. There was also an increase 

in number of tubewells from 8 to 16 in the RSC class of 2.5-3.75 meq/l. A reduction trend was 

observed for rest of the classes (Tables 8 and 9). There were no significant changes in minimum and 

maximum RSC levels of groundwater in all the classes, which is an indication of improvement in RSC 

in a period of 32 years. 
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Figure 6 Spatial distribution of residual sodium carbonate of SCARP tubewells in MREP area 

(1965-66). 

 

Figure 7. Spatial distribution of residual sodium carbonate of SCARP tubewells in MREP area 

(1997). 
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Table 7. Classification of project area considering Residual Sodium Carbonate (RSC) of 

groundwater during 1965-66 and 1997 at MREP, Bhalwal. 

RSC Class (meq/l) Project Area (%) Change in Project Area 
(+ or -) (%) 

1965-66 1997 

< 1.25 50.78 60.88 + 10.1 

1.25 - 2.5 15.67 12.63 - 3.04 

2.5 - 3.75 9.93 10.42 + 0.49 

3.75 - 5.0 7.77 6.70 - 1.07 

5.0 - 6.25 6.92 4.33 - 2.59 

6.25 - 7.5 4.92 3.00 - 1.92 

7.5 - 8.75 2.55 0.65 - 1.90 

8.75 – 10 1.11 0.49 - 0.62 

> 10 0.35 0.90 + 0.55 

Total 100.00 100.00 0.00 

Table 8. Statistical analysis of Residual Sodium Carbonate (RSC) of groundwater during 

1965-66 at MREP, Bhalwal. 

RSC Class 
(meq/l) 

Number of 
Tubewells 

Min. 
(meq/l) 

Max. 
(meq/l) 

Average 
(meq/l) 

Median 
(meq/l) 

Mode 
(meq/l) 

Standard 
Deviation 

< 1.25 77 0.00 1.20 0.42 0.40 0 0.39 

1.25-2.50 19 1.30 2.40 1.66 1.50 1.30 0.42 

2.50-3.75 8 2.60 3.70 3.14 3.13 2.60 0.47 

3.75-5.00 13 3.85 4.95 4.37 4.40 4.37 0.33 

5.00-6.25 9 5.10 6.20 5.52 5.40 5.10 0.46 

6.25-7.50 6 6.30 7.40 6.73 6.48 - 0.49 

7.50-8.75 3 7.70 8.40 8.07 8.10 - 0.35 

8.75-10.0 2 9.10 9.40 9.25 9.25 - 0.21 

> 10 1 10.40 10.40 10.40 10.40 - 0 

Table 9. Statistical analysis of Residual Sodium Carbonate (RSC) of groundwater during 

1997 at MREP, Bhalwal. 

RSC Class 
(meq/l) 

Number of 
Tubewells 

Min. 
(meq/l) 

Max. 
(meq/l) 

Average 
(meq/l) 

Median 
(meq/l) 

Mode 
(meq/l) 

Standard 
Deviation 

< 1.25 89 0.00 1.20 0.29 0.10 0 0.38 

1.25-2.50 12 1.27 2.50 2.00 2.05 2.50 0.45 
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2.50-3.75 16 2.51 3.70 3.27 3.40 3.70 0.39 

3.75-5.00 9 3.80 5.00 4.26 4.29 3.80 0.43 

5.00-6.25 5 5.30 6.19 5.78 5.80 - 0.35 

6.25-7.50 2 6.59 6.77 6.68 6.68 - 0.13 

7.50-8.75 2 7.75 8.27 8.01 8.01 - 0.37 

8.75-10.0 1 8.86 8.86 8.86 8.86 - 0.00 

> 10 2 10.05 10.87 10.46 10.46 - 0.58 

Groundwater quality zonation 

Zonation based on TDS and SAR 
After completing the parametric analysis, maps of TDS and SAR were overlapped to characterise and 

classify the groundwater classes (Figures 8 and 9). The classification of groundwater quality zonation 

indicated that around 8% area of very good quality (freshwater zone) has been shifted to good quality 

freshwater zone. There were improvements in marginal and hazardous groundwater zones (Table 

10). The areas having freshwater zone have to be given priority so that further deterioration should 

not occur in these areas. The target for the NDP Project in the Mona should be the marginal and 

hazardous deep groundwater zones so that the thin layer of freshwater over the marginal or 

hazardous quality deep groundwater can be pumped. 

This zonation exercise represents all the four classes of salinity in terms of very good, good, marginal 

and hazardous. But it was limited for sodicity as it did not include RSC. Furthermore, criteria for 

characterisation of SAR was limited to non-sodic (<15) and sodic (>15) levels only. Therefore, 

another effort was required to refine the sodicity zonation criteria by incorporating both the 

parameters of SAR and RSC. 

Table 10. Classification of project area considering groundwater quality zones of SCARP 

Tubewells in terms of TDS and SAR during 1965-66 and 1997 at MREP, Bhalwal. 

Groundwater Zone (TDS in ppm, SAR) Project Area (%) Change in Project Area 
(+ or -) (%) 

1965-66 1997 

V. Good (<500, <15) 35.84 28.04 -7.80 

Good (500-1000, <15) 34.56 49.99 +15.43 

Marginal Saline (1000-2000, <15) 17.39 14.07 -3.32 

Hazardous Saline (2000, <15) 2.27 0.60 -1.67 

Hazardous Sodic & Marginally Saline 
(1000-2000, >15) 

8.42 5.97 -2.45 

Hazardous Saline Sodic (2000, >15) 1.48 0.70 -0.78 

Hazardous Sodic (<1000, >15) 0.04 0.63 +0.59 

Total 100.00 100.00 0.00 
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Zonation based on TDS, SAR and RSC 
After completing the groundwater quality zonation with two parameters of TDS and SAR, maps of 

three parameters of TDS, SAR and RSC were overlapped to characterise and classify groundwater 

zones (Figures 10 and 11). The classification of groundwater quality zonation indicated that around 

12% and 5% area of the very good quality freshwater and marginally saline-sodic zones have been 

shifted to other zones. There was increase in the area under marginal and hazardous groundwater 

zones (Table 11 and Figure 12). The areas having freshwater zone have to be given priority so that 

further deterioration should not occur in these areas. The target for the NDP Project in the Mona Unit 

should be the marginal and hazardous deep groundwater zones so that the thin layer of freshwater 

over the marginal or hazardous quality deep groundwater can be pumped.  

This zonation exercise represents all levels of salinity and sodicity, as it represents all the four 

classes of salinity and sodicity in terms of very good, good, marginal and hazardous and 

combinations. In total there were 8 groundwater quality zones prevailing in the Mona Unit. The criteria 

for characterisation of TDS, SAR and RSC was defined for four classes of very good, good, marginal 

and hazardous groundwater. Therefore, this zonation methodology represents more practical criteria 

for selection of potential locations for installation of skimming wells and pressurised irrigation 

systems. 

 
Figure 8. Groundwater quality zonation of SCARP tubewells using TDS and SAR at MREP 

(1965-66). 
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Figure 9. Groundwater quality zonation of SCARP tubewells using TDS and SAR at MREP 

(1997). 

 

Figure 10. Groundwater quality zonation of SCARP tubewells using TDS, SAR and RSC at 

MREP (1965-66). 
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Figure 11. Groundwater quality zonation of SCARP tubewells using TDS, SAR and RSC at 

MREP (1997). 

Table 11. Classification of project area considering groundwater quality zones of SCARP 

Tubewells during 1965-66 and 1997 at MREP, Bhalwal. 

Groundwater Zone (TDS in ppm, SAR, 
RSC in meq/l) 

Project Area (%) Change in Project Area 
(+ or -) (%) 

1965-66 1997 

V. Good (<500, <5, <2.5) 35.76 23.87 - 11.81 

Good (500-1000, 5-10, <2.5) 24.49 35.82 + 11.33 

Marginally Saline (1000-2000, <10, <2.5) 4.69 10.15 + 5.46 

Marginally Saline-Sodic (1000-2000, <15, 
<5) 

12.45 7.27 - 5.18 

Marginally Sodic (<1000, <15, <5) 8.83 12.0 + 3.17 

Hazardous-Saline Marginally-Sodic 
(>2000, <15, <5) 

0.0 4.18 + 4.18 

Marginally Saline Hazardous Sodic (1000-
2000, >15, >5) 

13.25 3.63 - 9.62 

Hazardous Sodic (<1000, >15, >5) 0.53 3.08 + 2.55 
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Figure 12. Temporal changes in groundwater quality at MREP, Bhalwal. 

Potential locations for project interventions 

Distribution of tubewells under different groundwater quality zones for the period 1965 and 1997 is 

presented in Tables 12 and 13, respectively. The distribution pattern for 1997 indicated that 90 

tubewells out of 138 are located in freshwater zones (very good and good), which is around 65% of 

the tubewells in the Mona Unit. The marginal zones include 37 tubewells out of 138, which represents 

around 27% of the tubewells in the Mona Unit. There are only 11 tubewells in the hazardous zones, 

which represents 8% of the tubewells in the Mona Unit. The 8% tubewells of the hazardous zone 

constitute the high potential area, whereas 27% tubewells of the marginal zone also fall in the 

potential area. The numbers of these tubewells are also listed in Tables 12 and 13. 

Table 12. Classification of tubewells under different groundwater quality zones during 1965-

66 at MREP, Bhalwal. 

Groundwater 

Quality Zones 

Limits No. of 

Tubewells 

List of Tubewells 

V. Good 

TDS < 500 

SAR < 5 

RSC < 2.5 

56 

1, 5, 6, 7, 8, 9, 10, 11, 14, 22, 27, 28, 54, 

59, 64, 65, 67, 68, 69, 70, 76, 79, 96, 97, 

98, 99, 100, 103, 104, 105, 106, 108, 109, 

110, 111, 113, 114, 115, 116, 117, 118, 

119, 125, 126, 127, 128, 129, 130, 131, 

132, 142, 144, 145, 146, 147, 148 

Good TDS 500 – 1000 32 2, 3, 4, 15, 17, 18, 19, 20, 21, 42, 47, 53, 
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SAR 5 – 10 

RSC < 2.5 

60, 61, 62, 63, 66, 74, 101, 102, 107, 112, 

121, 122, 123, 124, 133, 135, 136, 139, 

140, 141 

Marginally Saline 

TDS 1000 – 2000 

SAR < 10 

RSC < 2.5 

5 52, 134, 137, 138, 143 

Marginally Sodic 

TDS < 1000 

SAR < 15 

RSC < 5 

13 
12, 23, 26, 29, 30, 32, 55, 56, 57, 71, 78, 

82, 120 

Marginally Saline-

Sodic 

TDS 1000 – 2000 

SAR < 15 

RSC < 5 

12 
16, 24, 31, 34, 36, 37, 51, 81, 92, 93, 94, 

95 

Hazardous Saline 

Marginally Sodic 

TDS > 2000 

SAR < 15 

RSC < 5 

0  

Marginally Saline 

Hazardous Sodic 

TDS 1000 – 2000 

SAR > 15 

RSC > 5 

18 
13, 25, 33, 39, 40, 41, 44, 45, 46, 48, 49, 

50, 72, 73, 80, 83, 84, 91 

Hazardous Sodic 

TDS < 1000 

SAR > 15 

RSC >5 

2 75, 77 

Table 13. Classification of tubewells under different groundwater quality zones during 1997 at 

MREP, Bhalwal. 

Groundwater 

Quality Zones 

Limits No. of 

Tubewells 

List of Tubewells 

V. Good 

TDS < 500 

SAR < 5 

RSC < 2.5 

42 

1, 5, 6, 7, 8, 9, 10, 11, 12, 14, 24, 27, 54, 

67, 68, 69, 70, 77, 78, 96, 97, 99, 104, 

105, 106, 108, 109, 113, 114, 117, 118, 

119, 120, 123, 124, 125, 126, 127, 128, 

129, 131, 132 

Good 

TDS 500 – 1000 

SAR 5 – 10 

RSC < 2.5 

48 

2, 3, 4, 19, 20, 21, 22, 42, 53, 55, 56, 57, 

60, 62, 63, 64, 65, 66, 71, 73, 98, 100, 

101, 103, 107, 110, 111, 112, 115, 116, 

121, 122, 130, 133, 134, 135, 136, 137, 

138, 140, 141, 142, 143, 144, 145, 146, 

147, 148 
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Marginally Saline 

TDS 1000 – 2000 

SAR < 10 

RSC < 2.5 

9 15, 16, 17, 18, 47, 59, 61, 102, 139 

Marginally Sodic 

TDS < 1000 

SAR < 15 

RSC < 5 

15 
13, 23, 26, 28, 29, 48, 72, 74, 75, 76, 79, 

80, 81, 82, 84 

Marginally Saline-

Sodic 

TDS 1000 – 2000 

SAR < 15 

RSC < 5 

13 
30, 31, 32, 33, 46, 49, 51, 52, 91, 92, 93, 

94, 95 

Hazardous Saline 

Marginally Sodic 

TDS > 2000 

SAR < 15 

RSC < 5 

3 34, 36, 37 

Marginally Saline 

Hazardous Sodic 

TDS 1000 – 2000 

SAR > 15 

RSC > 5 

6 39, 40, 41, 44, 45, 50 

Hazardous Sodic 

TDS < 1000 

SAR > 15 

RSC >5 

2 25, 83 

Groundwater depth fluctuations and zonation 

Maps of watertable depths were prepared for the pre- and post-project periods (Figures 13 and 14). 

The comparison of the temporal data indicated that there was an increase of around 19% in area 

having water table of less than 2 m (Table 14). Area having water table of less than 3 m is classified 

as waterlogged. Therefore, there was an increase of around 16.9% in the waterlogged area. This 

increase is mainly due to the reduced pumping of groundwater because of increased energy prices 

and abandoning of the tubewells having brackish groundwater. This is a serious concern and an 

indication of the poor performance of the reclamation projects. 
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Figure 13. Spatial distribuation of water table depth at MREP, Bhalwal (1964). 

 

Figure 14. Spatial distribuation of water table depth at MREP, Bhalwal (1999). 

Table 14. Classification of project area considering water table depth during 1964 and 1999 at 

MREP, Bhalwal. 

Water Table Depth 
(m) 

Project Area (%) Change in Project Area 
(+ or -) (%) 

1964 1999 
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< 1 1.07 1.92 + 0.85 

1 – 2 7.32 25.52 + 18.20 

2 – 3 34.31 32.12 - 2.19 

> 3 57.30 40.44 - 16.86 

Total 100.00 100.00 0.00 

Application of groundwater spatial and temporal analyses 

Temporal and spatial groundwater analyses indicated that there was an increase in groundwater 

salinity and waterlogging in the project area. This information is useful for planning of future projects 

to control waterlogging and salinity. Groundwater quality zonation exercise provided information of 

potential locations and methodology for conducting research to develop skimming wells to pump 

shallow freshwater. This will be having higher impact on the control of watertable depth and 

management of root zone salinity rather than pumping brackish water from deeper depths. In addition 

to this, increase in energy prices requires development of energy efficient pumping systems to 

maintain water table below the root-zone depth. The smaller discharges of skimming wells can be 

applied efficiently using pressurised and innovative irrigation systems. 

The criteria of water table of more than 3 m needs reconsideration in the freshwater zone. Because 

water table of more than 1m depth in the freshwater zone is suitable for field crops, except cotton. 

However, water table should be more than 3 m deep to grow fruit orchards. As farmers are growing 

quality citrus in the project area, therefore, they want water table sufficiently deep enough to grow 

good quality citrus. Farmers should be encouraged to grow forest plants having higher water 

requirements especially in areas having marginal to hazardous quality groundwater. 
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PARTICIPATORY RURAL APPRAISAL 

Need and location of the PRA 

The project is aimed to develop and test technology for skimming wells and pressurised irrigation for 

adaptation in the farming environment. In the beginning, a spatial and temporal analysis was 

conducted for the deep groundwater quality of SCARP tubewells in the Mona Unit to identify potential 

locations in the Target Area. The potential locations identified in the Target Area using GIS study had 

to be validated by the farmers. Therefore, Participatory Rural Appraisal (PRA) was necessary to 

document farmers' perceptions regarding problems and to assess their willingness to participate in 

the project activities, especially testing and adaptation of the technology. In addition, the information 

provided by the farming community will be useful in the design and layout of skimming wells and 

pressurised irrigation systems. Taking into consideration the need for PRA, a study was initiated in 

the Target Area, where thirteen villages were selected for PRA (Figure 15). 

Classification of SCARP tubewells in the Target Area 

According to the GIS study, the potential villages selected represent freshwater, marginally saline, 

marginally saline-sodic and hazardous quality of deep groundwater. The freshwater villages are 

selected to validate whether the SCARP tubewells represent the overall picture of the area or not. In 

eleven villages out of thirteen selected for the PRA study, the SCARP tubewells were installed. The 

number of tubewells ranges between 2 to 5 (Table 15). 

Table .15 Classification of SCARP Tubewells in selected villages for conduct of PRA based 

on spatial analysis of deep groundwater at MREP, Bhalwal. 

Sr. 
No. 

Name of Village Number of SCARP 
Tubewells Installed  

Classification of Tubewells Based on Deep 
Groundwater Quality 

1 Ratho Kala 33 Marginally saline-sodic 

  34, 37 Hazardous saline marginally sodic  

2 Thathi Noor 39, 40, 41, 44 Marginally saline hazardous sodic 

3 Jalar Waraichan 30, 31, 32 Marginally saline-sodic 

4 Head Faqerian 26, 28, 29 Marginally sodic 

5 Chak No. 6 ML 45 Marginally saline hazardous sodic 

6 Nabi Shah Bala 39, 94 Marginally saline-sodic 

7 Dhera Ranjha 80 Marginally sodic 

8 Chak No. 15 NB 81, 82 Marginally sodic 

9 Chak No. 17 NB 84 Marginally sodic 

10 Banga Minhas  Saline Zone 

11 Sakacar (Jurra)  Saline Zone 

12 Moza Dohri 27, 68 Freshwater (Very Good) 

13 Chak No. 1 (Phularwan) 69 Freshwater (Very Good) 
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Figure 15. Target villages and tubewells locations in MREP area, Bhalwal. 

Objectives of PRA 

The specific objectives of the PRA are as under: 

 Document perceptions of rural communities regarding problems and constraints; 

 Use interactive processes of participation to prioritise real-issues including ranking of these 

real-issues as viewed by the community; 

 Selection of potential villages considering the project interventions based on the perceptions 

of the farming community; 

 Suggest appropriate criteria for installation of skimming dugwells and tubewells based on the 

farmers perceptions regarding thin layer of freshwater; and 

 Propose follow-up actions based on the PRA conclusions and discussions. 

Methodology of PRA 

The PRA Team adopted an explicitly participatory methodology for the target group appraisal and 

analysis. This involved field visits each to the thirteen selected villages, as well as dialogues with the 

farming community groups in these villages. The villages included in the study were Ratho Kala, 

Thathi Noor, Jalar Waraichan, Head Faqerian, Chak No. 6ML, Nabi Shah Bala, Dhera Ranjha, Chak 
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No. 15NB, Chak No. 17NB, Bonga Minhas, Sakacar (Jurra), Moza Dohri, and Chak No. 1 

(Phularwan). 

The PRA was designed to increase understanding of relationships, processes and impacts in the 

project Target Area.In each village, the team held dialogues and conducted field visits with a range of 

local groups, wealthy and poor, land owners and landless, and people of different socio-economic 

levels. A wide range of participatory methods was used including historical trends, livelihood analysis, 

seasonal analysis, and scorings. These dialogues were held in the villages and transect walks were 

made along with the farmers groups. The team on every afternoon arranged discussions to establish 

trustworthiness of the findings. 

Six essential elements of the PRA methodology used in the Target Area are: a) a defined 

methodology and systemic learning process; b) multiple perspective; c) group learning process; d) 

context specific; e) facilitating experts and stakeholders; and f) leading to sustained action. The 

participatory methods used in these systems of learning and action can be structured into three 

classes: a) methods for group and team dynamics; b) methods for sampling; and c) methods for 

interviewing and dialogues. It is the collection of these methods into unique approaches, or 

assemblages of methods, that constitute different systems of learning and action. The techniques 

used under each method are presented in Table 16. 

PRA team and training 

The PRA team consists of seven members. Four of the members are located full time in the Project 

area. The team leader and one of the members have already experience of the PRAs. Therefore, 

after developing the checklist, it was used in the field for pre-test. The full-time team members were 

given necessary training for the PRA.  

Table 16. Participatory methods for alternative systems of learning and action. 

Group and Team Dynamics Methods Sampling Methods Interviewing and Dialogues 

Team contact 

Team reviews and discussions 

Interview guides and Checklists 

Rapid report writing 

Work sharing 

Process notes and personal diaries 

Transect walk  

Livelihood ranking 

Semi-structured interviewing 

Direct group oral histories 

PRA checklist 

PRA Checklist was prepared to focus the methods of group and team dynamics. The Checklist 

includes all elements relevant to the project activities and household system in the selected villages. 

The major elements of the Checklist are: 
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 Household system; 

 Resources availability and use; 

 Water resources and related aspects; 

 Agricultural productivity; 

 PRA discussions and conclusions; 

 Interventions; and  

 PRA Recommendations. 

The detailed Checklist is presented in Annex. I. 

PRA findings 

Household system 

Family size  
The minimum family size in thirteen selected villages was two, whereas maximum family size was 21. 

The average family size in these villages varied between 6-7 persons. Only one village had average 

family size of 8 persons. The overall average family size was 7 persons (Table 17). Therefore, these 

villages represented average conditions of family size in the country. 

Landholding 
There was a wide variability in landholdings per household in the selected villages. The minimum 

landholdings varied from 0.05 to 3.24 ha. The lowest minimum landholding of 0.05 ha was found in 

Ratho Kala village, whereas highest minimum landholding of 3.24 ha was found in Thathi Noor. 

The maximum landholdings varied between 6.08-202.5 ha. The highest maximum landholding of 

202.5 ha was found in Bonga Minhas. In reality, the maximum landholdings varied between 6.08-

50.63 ha. The average landholdings varied between 2.03-10.13 ha (Table 17). Therefore, these 

villages represented average conditions prevailing in the country. 

Livestock 
There was a wide variability in household's livestock. Almost every household owned large ruminants, 

whereas every household did not have small ruminants. The minimum number of large ruminants per 

household varied from 1 to 2, whereas maximum number per household varied from 5 to 50. The 

average number of large ruminants per household varied between 3-10 (Table 18). 

The minimum number of small ruminants per household was one, whereas maximum number of 

small ruminants per household varied between 4-40. The average number of small ruminants per 
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household varied between 1-4. The livestock per household indicates that it is an integral part of 

farming system in all the selected villages, in addition to agricultural crops. 

Table 17. Family size and landholdings of selected villages at MREP, Bhalwal. 

 Family Size (number) Landholdings (ha) 

Village Min. Max. Average Min. Max. Average 

Ratho Kala 4 12 6 0.05 20.25 3.24 

Thathi Noor 2 10 6 3.24 40.50 8.10 

Jalar Waraichan 3 10 6 1.22 18.23 4.05 

Head Faqerian 5 10 7 0.81 30.38 4.05 

Chak No. 6ML 3 15 7 0.81 30.38 4.05 

Nabi Shah Bala 2 13 7 0.81 50.63 2.84 

Dhera Ranjha 3 14 6 0.41 40.50 4.05 

Chak No. 15NB 2 14 6 1.22 10.13 2.43 

Chak No. 17NB 3 21 8 0.41 10.13 4.05 

Bonga Minhas 5 12 6 0.81 202.50 10.13 

Sakacar (Jurra ) 2 10 6 0.10 6.08 2.03 

Moza Dohri 2 15 7 0.20 50.63 4.05 

Chak No. 1 (Phularwan) 3 13 6 0.81 12.96 4.46 

Table 18. Household livestock of selected villages at MREP, Bhalwal. 

 Large Ruminants (number) Small Ruminants (number) 

Village Min. Max. Average Min. Max. Average 

Ratho Kala 2 10 5 0 35 3 

Thathi Noor 1 50 7 0 4 1 

Jalar Waraichan 1 8 4 1 5 2 

Head Faqerian 2 10 5 0 4 1 

Chak No. 6ML 2 15 4 1 12 4 

Nabi Shah Bala 1 10 3 1 5 2 

Dhera Ranjha 1 30 3 1 4 2 

Chak No. 15NB 1 7 3 1 15 2 

Chak No. 17NB 2 40 10 1 20 2 

Bonga Minhas 1 40 10 1 20 3 

Sakacar (Jurra ) 1 5 3 1 10 2 

Moza Dohri 1 18 6 1 40 3 

Chak No. 1 (Phularwan) 2 15 7 1 4 2 
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Livelihood sources and average income 
Livelihood sources include income from crops, milk and off-farm income. The income from crops is 

presented per ha per annum. Therefore household income from crops will be a multiple of cropped 

area and the unit income. The unit income from crops varied from Rs. 8,500 to Rs. 37,000 per ha per 

year (Table 19). The wide variability was due to the variations in cropping pattern, production 

practices and farmers' level of management. 

The income from livestock is presented per milk animal per year. Therefore, household income will be 

a multiple of number of milk animals per household and the unit income per milk animal per year. The 

unit income varied from Rs. 4,000 to Rs. 8,000 per milk animal per year (Table 19). The wide 

variability was due to the variations in quality of milk animals, feeding practices and farmers' level of 

livestock management. 

The off-farm income is presented per household basis. The income from off-farm sources varied from 

Rs. 20,000 to Rs. 32,000 per household per year, except in Head Faqerian where off-farm income 

was not common (Table 19). The variability was due to the variations in sources of off-farm income.  

There was a wide variation in landholdings per household (Table 17) and number of milk animal per 

household (Table 18); therefore there was wide variability in household income from farm and 

livestock. This variation in income was also an indicator of resource availability and management 

skills of the farming community in selected thirteen villages. Therefore, there was variability in 

resources and management of water related issues. The decision for adoption of technology was 

dependent on the household income and available cash flow. The selection of irrigation system thus 

would depend on the income levels of the farming community. 

Table 19. Livelihood sources and average income per household in selected villages at 

MREP, Bhalwal. 

Village 
Crop 

(Rs./ha/Year) 
Livestock (Rs./Year/Milk 

Animal) 
Off-Farm Income 

(Rs./Year) 

Ratho Kala 11,000 6,500 30,000 

Thathi Noor 15,000 4,500 24,000 

Jalar Waraichan 15,000 4,000 32,000 

Head Faqerian 17,000 5,000 0 

Chak No. 6ML 10,000 5,000 26,000 

Nabi Shah Bala 37,000 6,000 24,000 

Dhera Ranjha 8,500 7,000 32,000 

Chak No. 15NB 15,000 5,500 24,000 

Chak No. 17NB 22,000 4,500 32,000 

Bonga Minhas 12,500 8,000 22,000 
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Sakacar (Jurra ) 25,000 7,000 30,000 

Moza Dohri 8,500 7,000 30,000 

Chak No. 1 (Phularwan) 17,000 6,000 20,000 

Education 
The literacy rate in selected thirteen villages varied from 30% to 80%. The average literacy rate in the 

Target Area was 55%. There was a wide variability in percent literacy. Similarly, there was a wide 

variability in distribution of literate population in relation to the education levels. The percent 

population having under-matric education varied from 10 to 70. The percent population having 

intermediate level education varied from 0 to 20. The population of graduates was limited and it 

varied from 0 to 10 per village. In addition to the formal education, there were people having informal 

education and their percentage varied from 0 to 46 (Table 20) Therefore majority of population was 

either having education under-matric (25%) or informal education (17%). The literacy rate and 

educational level of literate in the selected thirteen villages was much higher than the national 

average. Therefore, development and transfer of technology in these villages will be reasonably easy. 

Table 20. Literacy rate and distribution of education level of literate population in selected 

villages at MREP, Bhalwal. 

Village 
Percent 
Literate 

Distribution of Education Level of Literate Population (%) 

Informal Under matric Intermediate Graduate 

Ratho Kala 40 0 10 20 10 

Thathi Noor 30 13 10 5 2 

Jalar Waraichan 50 33 10 5 2 

Head Faqerian 45 11 20 10 4 

Chak No. 6ML 55 15 20 15 5 

Nabi Shah Bala 70 7 40 20 3 

Dhera Ranjha 60 46 10 4 0 

Chak No. 15NB 70 28 35 5 2 

Chak No. 17NB 80 8 70 2 0 

Bonga Minhas 70 38 20 10 2 

Sakacar (Jurra ) 30 15 15 0 0 

Moza Dohri 50 0 30 16 4 

Chak No. 1 (Phularwan) 75 10 40 20 5 

Average 55 17 25 10 3 
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Resource availability and use 

Number of households 
The number of households in the selected villages varied substantially. The minimum and maximum 

number of households in the selected villages was 95 and 1000 for Dhera Ranjha and Ratho Kala 

villages, respectively. The average number of households in these villages was 465 (Table 21). 

Land tenure system and tenancy rules 
The number of landowners in the selected villages varied substantially. The minimum and maximum 

number of landowners in the selected villages was 14 and 600 for Jalar Waraichan and Moza Dohri 

villages, respectively. The average number of landowners in these villages was 208. This showed 

that on an average around 45% households owned land and the rest 55% were landless. The 

percentage of landless was quite high in the selected villages. Out of 55% of the landless 

households, around 10% were involved in farming as tenants. The percentage of landowners and 

tenants was thus 50% of the total households. Therefore, 50% households were involved in off-farm 

activities in earning their entire livelihood (Table 21). However, variability was high in different villages 

based on resources available to different households. 

Land use system 
On an average around 45% households owned land and the remaining 55% are landless (Table 21). 

Out of 55% of the landless households, around 10% were involved in farming as tenants. The 

percentage of landowners and tenants was thus 50% of the total households. Therefore, 50% 

households were involved in off-farm activities in earning their entire livelihood (Table 21). However, 

the variability was high in different villages based on resources available to households.  

Table 21. Land tenure and tenancy of selected villages at MREP, Bhalwal. 

Village 

Land tenure and tenancy (number) 

Households Land Owners Tenants/Contractors 

Ratho Kala 1000 500 22 

Thathi Noor 700 100 90 

Jalar Waraichan 100 14 5 

Head Faqerian 600 500 50 

Chak No. 6ML 800 66 7 

Nabi Shah Bala 600 300 35 

Dhera Ranjha 95 85 9 

Chak No. 15NB 250 95 1 

Chak No. 17NB 200 95 22 

Bonga Minhas 100 70 25 
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Sakacar (Jurra ) 400 250 5 

Moza Dohri 850 600 40 

Chak No. 1 (Phularwan) 350 32 10 

Average 465 208 25 

The livelihood sources from on-farm income were livestock and agriculture. In livestock, households 

kept both small and large ruminants. Thus, fodder was an integral part of the land use system. 

Farmers also planted trees on the field boundaries. Common plants included Pombax malabericum, 

Dalbergia Sissoo, Acacia species. Cropping pattern included rice, wheat, sugarcane, maize, 

rapeseed and mustard, etc. Citrus was also grown as orchards in some of the villages. The land use 

system thus could be described as integration of crops, orchards and livestock. Three types of 

tenancy rules were prevailing in the Target Area. This included contract, partnership and contract 

cum partnership. The partnership is widely practised as 77% villages were practising this system. The 

contract was followed only in one village (8%), whereas contract cum partnership was followed only in 

two villages (15%). The information provided by farmers' groups regarding details of tenancy rules, is 

presented in Table 22. 

Landholding per household (cultivated and salt-affected) 

There was a wide variability in landholding per household in the selected villages. The minimum 

landholding of cultivated land varied from as small as of 0.10 ha to a maximum of 4.05 ha. The 

maximum landholding of cultivated land per household varied from 6.08 to 50.63 ha. The average 

landholding per household varied from 2.03 to 7.29 ha. The overall average of thirteen villages was 

1.06, 24.11 and 4.14 ha representing minimum, maximum and average values, respectively. 

Therefore, the average size of farm was around 4 ha (Table 23). The average salt-affected land area 

per household in the selected villages varied from 0 to 2.03 ha. The overall (thirteen villages) 

minimum, maximum and average values for the salt-affected area per household were 0.42, 3.68 and 

0.69 ha, respectively. The average salt-affected area per household was 17% of the total cultivated 

area in the selected villages. In two villages, lands were not salinized. In rest of the eleven villages, 

there was soil salinity of varying order. The 17% salt-affected area indicated that salinity played some 

role in affecting the productivity of agriculture in the Target Area. 

Table 22. Land tenancy system in selected villages at MREP, Bhalwal. 

Village 

Land Tenancy Rules and Procedures 

Contract Partnership Contract & Partnership 

Ratho Kala  All seed by tenants  
Thathi Noor  Common seed by tenants  
Jalar Waraichan  Common seed by tenants  
Head Faqerian  Common seed by tenants  
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Chak No. 6ML 

Rs. 10,000 
per ha in 
advance 

  

Nabi Shah Bala  Common seed by tenants  
Dhera Ranjha  Common seed by tenants  
Chak No. 15NB  Common seed by tenants  

Chak No. 17NB 
  Rs. 7,500 per ha + 50% of 

improved and expensive seeds 

Bonga Minhas 
  Rs. 10,000 per ha + 50% of 

improved and expensive seeds 
Sakacar (Jurra )  Common seed by tenants  
Moza Dohri  Seed by owner  
Chak No. 1 (Phularwan)  Common seed by tenants  

Table 23. Household land use in selected villages at MREP, Bhalwal. 

 

Land Area per Household (ha) 

Total Cultivated Salt Affected 

Village Min. Max. Average Min. Max. Average 

Ratho Kala 0.41 10.13 2.43 0.00 0.00 0.00 

Thathi Noor 2.43 14.99 5.67 0.41 6.08 1.62 

Jalar Waraichan 0.81 6.08 3.24 0.41 2.03 0.00 

Head Faqerian 0.81 30.30 4.05 0.00 0.00 0.00 

Chak No. 6ML 0.41 30.38 4.05 0.41 2.03 0.81 

Nabi Shah Bala 0.10 50.63 4.05 0.20 10.13 0.81 

Dhera Ranjha 2.03 40.50 4.86 0.10 4.05 0.81 

Chak No. 15NB 0.81 10.13 2.43 0.10 0.41 0.20 

Chak No. 17NB 4.05 10.13 5.67 0.81 5.27 1.22 

Bonga Minhas 0.81 40.50 7.29 2.03 4.05 0.81 

Sakacar (Jurra ) 0.10 6.08 2.03 0.10 6.08 0.41 

Moza Dohri 0.20 50.63 4.05 0.04 1.22 0.20 

Chak No. 1 (Phularwan) 0.81 12.96 4.05 0.81 6.48 2.03 

Average 1.06 24.11 4.14 0.42 3.68 0.69 

Utilisation of waterlogged and salt-affected lands 

Out of thirteen selected villages, in 8 villages the waterlogged area was barren, whereas in other 

villages wheat, fodder, rice and sugarcane crops were grown. The crop yields were significantly lower 

than the crop yields from normal soils. The salt-affected lands in 8 villages out of 13 were barren, 

whereas mainly rice is grown in these soils (Table 24). Flooding in rice crop provides leaching and 

thus rice crop is suitable for saline soils. However, it can convert saline-sodic soils to sodic with 

continuous cropping under canal command areas. 

Table 24. Present use of waterlogged and salt-affected area in selected villages at MREP, 

Bhalwal. 

Village Waterlogged Salt-Affected 

Ratho Kala Barren - 
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Thathi Noor Barren Partially Cultivated 

Jalar Waraichan Wheat-Fodder - 

Head Faqerian Barren Barren 

Chak No. 6 ML Barren Barren 

Nabi Shah Bala Pasture Rice, Barren 

Dhera Ranjha Rice Rice, Pasture Grazing 

Chak No. 15 NB Sugarcane Fodder 

Chak No. 17 NB Barren Barren 

Banga Minhas Barren Barren 

Sakacar (Jurra) Barren Barren 

Moza Dohri Under cultivation but low yield Barren 

Chak No. 1 (Phularwan) Barren Barren 

Water 

Water availability from different sources  

The PRA indicated that there were six villages out of thirteen having 100% farms commanded by both 

canal and tubewells. There was only one village exclusively commanded by tubewells. Therefore, 

twelve villages out of thirteen had access to canal water. In the thirteen selected villages 23% farms 

were exclusively commanded by the canal water only, thus these farms did not have access to 

tubewell water (Table 25). Therefore, these farms did not have flexibility in water availability and use 

of water. However, these farms are potential farms for installation of tubewells in the future. About 

67% farms had access to conjunctive use of water, as water from both canal and tubewells was 

available. In addition, 10% farms were having access to tubewell water only. Therefore, 77% farms 

were using tubewell water (Table 25). The majority of farms thus having tubewells and would require 

some sort of support for the use of skimming wells, because these villages have varying degree of 

groundwater salinity or sodicity. The PRA results also revealed that still there was large number of 

farms without tubewells and might be interested in future to install tubewells.  

Private tubewells 

There was a wide variability in number of private tubewells per village in the selected thirteen villages. 

The number of private tubewells per village varied from as low as 3 to as high as 400. The average 

number of private tubewells was 83 per village (Figure 16). The wide variability in number of private 

tubewells in the selected villages was due to the following reasons: 

 Variability in quality of groundwater and depth of thin layer of freshwater; 

 Size of landholdings; 

 Cropping pattern and cropping intensity; 

 Farmers‘ investment capacity level;  
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 Tenancy rules; and 

 Location of the farm in relation to the recharge source (canal, Mogha, watercourse). 

The depth of private tubewells in the selected villages did not vary much. The minimum depth of 

private tubewells varied from 15 to 34 m in these villages. The maximum depth of private tubewells 

varied from 24 to 40 m. The average depth in these villages varied from 24 to 34 m. The overall 

average depth of private tubewells in these villages was 30 m (Table 26 and Figure 17). The 

information provided by farmers was quite accurate as it was also verified based on farmers' 

perceptions regarding quality of water. All the villages indicated that quality of water beyond 30 m was 

marginal to brackish (refer to Table 28). This showed that the depth of skimming well would be even 

less than 30 m to have uninterrupted supply of fresh groundwater and avoiding intrusion of saline 

water. 

 

Figure 16. Number of provate tubewells in selected villages of MREP area, Bhalwal. 

Table 25. Water availability from different sources in selected villages at MREP, Bhalwal. 

Village 

Water Availability from Different Sources (% Farms) 

Canal Canal + Tubewell Tubewell 

Ratho Kala 60 40 - 

Thathi Noor 50 30 20 

Jalar Waraichan 80 20 - 

Head Faqerian - 100 - 
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Chak No. 6ML - 100 - 

Nabi Shah Bala 2 93 5 

Dhera Ranjha - 100 - 

Chak No. 15NB - 100 - 

Chak No. 17NB 95 5 - 

Bonga Minhas - 100 - 

Sakacar (Jurra ) - - 100 

Moza Dohri 15 80 5 

Chak No. 1 (Phularwan) - 100 - 

Average 23 67 10 

Water-table depth 

There was only one village where water-table depth was more than 3 m. Thus according to WAPDA's 

criteria, only one village can be classified as non-waterlogged. Rest 12 villages were having some 

degree of waterlogging. Three villages were under severe waterlogging as water was on the surface 

during the monsoon season (Table 27 and Figure 18). Therefore, there is a chance of more pumpage 

of groundwater in the future. This rise in water table was mainly due to poor performance of the 

SCARP tubewells. High water table would certainly demand installation of skimming wells (shallow 

tubewells or dugwells) to have direct impact on lowering of water-table depth. The high water table 

and pumped water using skimming wells also require introduction of high efficiency irrigation systems 

to reduce the drainage surplus and to minimise the groundwater recharge. 
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Figure 17. Tubewell depth in selected villages of MREP area, Bhalwal. 

Groundwater quality 

The groundwater quality in the selected villages was a function of depth. In all the thirteen villages, 

groundwater to a depth of 7.5 m was of fresh quality. About 62% villages had freshwater to a depth of 

15 m. About 46% villages had fresh groundwater in the depth ranging from 15 to 30 m. Furthermore; 

in all the thirteen villages groundwater quality beyond 30 m depth was brackish (Table 28). 
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Table 26. Number and depths of private tubewells in selected villages at MREP, Bhalwal. 

Village Farmers Tubewells (number) 

Private Tubewell Depth (m) 

Min. Max. Average 

Ratho Kala 50 1000 500 22 

Thathi Noor 70 700 100 90 

Jalar Waraichan 3 100 14 5 

Head Faqerian 5 600 500 50 

Chak No. 6ML 66 800 66 7 

Nabi Shah Bala 135 600 300 35 

Dhera Ranjha 13 95 85 9 

Chak No. 15NB 70 250 95 1 

Chak No. 17NB 4 200 95 22 

Bonga Minhas 105 100 70 25 

Sakacar (Jurra ) 130 400 250 5 

Moza Dohri 400 850 600 40 

Chak No. 1 (Phularwan) 26 350 32 10 

Total 1077    

Average 83 465 208 25 

Figure 18. Water table depth in selected villages of MREP area, Bhalwal. 
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Table 27. Water table depth in selected villages at MREP, Bhalwal. 

Village 

Watertable Depth (m) 

Minimum Maximum Average 

Ratho Kala 1.25 6.00 4.00 

Thathi Noor 1.75 3.00 2.50 

Jalar Waraichan 1.00 3.00 1.75 

Head Faqerian 1.00 4.50 3.00 

Chak No. 6ML 1.25 3.75 2.00 

Nabi Shah Bala 0 3.75 2.00 

Dhera Ranjha 1.25 3.00 2.00 

Chak No. 15NB 3.00 4.75 3.75 

Chak No. 17NB 0 3.75 1.50 

Bonga Minhas 0 1.25 1.00 

Sakacar (Jurra ) 1.50 3.75 2.50 

Moza Dohri 0.30 1.50 1.00 

Chak No. 1 (Phularwan) 1.00 3.00 2.00 

Average 1.00 3.50 2.20 

Table 28. Groundwater quality as a function of depth in selected villages at MREP, Bhalwal. 

Village 

Groundwater Depth (m) 

< 7.5 7.5 - 15 15 - 30 > 30 

Ratho Kala Fresh Fresh Fresh Salty 

Thathi Noor Fresh Salty Salty Salty 

Jalar Waraichan Fresh Salty Salty Salty 

Head Faqerian Fresh Fresh Fresh Salty 

Chak No. 6ML Fresh Salty Salty Salty 

Nabi Shah Bala Fresh Fresh Fresh Salty 

Dhera Ranjha Fresh Fresh Fresh Salty 

Chak No. 15NB Fresh Fresh Salty Salty 

Chak No. 17NB Fresh Fresh Salty Salty 

Bonga Minhas Fresh Salty Salty Salty 

Sakacar (Jurra ) Fresh Salty Salty Salty 

Moza Dohri Fresh Fresh Fresh Salty 

Chak No. 1 (Phularwan) Fresh Fresh Fresh Salty 

Fresh Water Percentage 100 62 46 0 
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Thickness of fresh groundwater layer 

The analysis of farmers' perceptions for the upper fresh groundwater layer indicated that 39% villages 

of the appraisal area had very thin layer of freshwater of 7.5 m depth (Table 29). These areas require 

dugwells based skimming facility, as tubewells are not feasible in these areas. The dugwell depth has 

to be determined after completing the field studies. Analysis of farmers' perceptions further indicated 

that only 15% villages of the appraisal area had thin layer of freshwater to a depth of 15 m (Table 29 

and Figure 19). These areas require dugwell based skimming facility, as tubewells are not feasible in 

these areas. There is sufficient depth of freshwater available for dugwells. Design of dugwells in 

these areas would be relatively easy considering the drawdown requirement. Around 46% villages of 

the Target Area had relatively thick layer of freshwater up to a depth of 30 m (Table 29). These areas 

are suitable for both tubewells and dugwells based skimming facility, as tubewells are much easier to 

install. The tubewell depth and discharge has to be determined considering the recharge and 

drawdown requirement. 

The farmers' perceptions clearly illustrated that skimming well technology was needed in the selected 

villages for sustainable irrigated agriculture, especially for areas having very thin layer of freshwater 

(39% area). The researchable issue is design and methodology for skimming well technology, which 

is cost-effective and easy in operation. The skilled manpower required for installation of dugwells is 

not available in the project area; therefore this has to be imported from other areas. Dugwells will be 

the most sustainable skimming well technology in areas having very thin layer of freshwater. 
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Figure 19. Thickness of fresh groundwater layer in selected villages of MREP, Bhalwal. 

Table 29. Thickness of fresh groundwater lenses underlain by salty groundwater layers in 

selected villages at MREP, Bhalwal. 

Village 

Thickness of Fresh Groundwater Lens (m) 

< 7.5 15 30 

Ratho Kala - -  

Thathi Noor  - - 

Jalar Waraichan  - - 

Head Faqerian - -  

Chak No. 6ML  - - 

Nabi Shah Bala - -  

Dhera Ranjha - -  

Chak No. 15NB -  - 

Chak No. 17NB -  - 

Bonga Minhas  - - 

Sakacar (Jurra )  - - 

Moza Dohri - -  

Chak No. 1 (Phularwan) - -  

Percentage of Villages 39 15 46 

Agricultural productivity 

Crops and cropping pattern 

In the Kharif season, crops like rice, maize, millets and sorghum were grown in the thirteen selected 

villages. In the Rabi season, crops like wheat, fodder and rapeseed were grown in these villages. 

Sugarcane and orchards (citrus and guava) were grown as annual crops in only two villages. The 

cropping pattern of rice-wheat with sugarcane was dominant in the Target Area (Table 30). 

Crops Yields 

Average rice yield in thirteen selected villages varied from 1.0 to 2.4 tons/ha. The minimum yield was 

as low as 0.4 tons/ha, whereas the maximum yield of rice was as high as 4.0 tons/ha. The rice yield 

was highly variable in the Target Area (Table 31). Average wheat yield in thirteen selected villages 

varied from 1.2 to 3.0 tons/ha. The minimum yield was as low as 0.4 tons/ha, whereas the maximum 

yield of wheat was as high as 4.5 tons/ha. Therefore, the wheat yield was highly variable in the Target 

Area (Table 31).  

Average sugarcane yield in thirteen selected villages varied from 11.9 to 69.2 tons/ha. The minimum 

yield was as low as 4.9 tons/ha, whereas the maximum yield of sugarcane was as high as 98.8 
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tons/ha. The sugarcane yield was highly variable in the Target Area. The yield of sugarcane was 

quite low in these villages (Table 31). 

Productivity of milk animals 

The milk yield of buffalo varied from 3 to 8 litres per animal per day, whereas cow milk yield varied 

from 4 to 12 litres per animal per day. The milk price of Rs. 12 was used to compute the daily income. 

The income from buffalo milk varied from Rs. 48 to 96 per animal per day. The income from cow milk 

varied from Rs. 48 to 144 per animal per day (Table 32). The productivity of milk animals was low. 

Thus the major income from the large ruminants was from selling the offspring. 

Table 30. Crops and cropping pattern in selected thirteen villages at MREP, Bhalwal. 

Village 

Crops Grown 

Cropping Pattern Kharif Rabi 

Ratho Kala 
Rice, Sorghum, Millets, 
Sugarcane 

Wheat, Fodder Rice-Wheat, Sugarcane 

Thathi Noor Rice, Sorghum, Sugarcane Wheat, Fodder Rice-Wheat, Sugarcane 
Jalar Waraichan Rice, Sorghum, Sugarcane  Wheat, Fodder Rice-Wheat, Sugarcane 
Head Faqerian Rice, Sorghum, Sugarcane  Wheat, Fodder Rice-Wheat, Sugarcane 
Chak No. 6ML Rice, Fodder, Sugarcane Wheat, Fodder  Rice-Wheat, Sugarcane 

Nabi Shah Bala 
Rice, Fodder, Orchard, 
Millets, Sugarcane 

Wheat, Fodder Rice-Wheat, Sugarcane, 
Orchards 

Dhera Ranjha 
Rice, Fodder, Maize, Millets, 
Sugarcane 

Wheat, Fodder, 
Rapeseed 

Rice-Wheat, Sugarcane 

Chak No. 15NB 
Rice, Maize, Sugarcane, 
Orchard 

Sorghum Rice-Wheat, Sugarcane, 
Orchards 

Chak No. 17NB 
Rice, Sorghum, Maize, 
Sugarcane 

Wheat, Fodder, 
Rapeseed 

Rice-Wheat, Sugarcane 

Bonga Minhas 
Rice, Millets, Sorghum, 
Sugarcane 

Wheat, Fodder Rice-Wheat, Sugarcane 

Sakacar (Jurra) Rice, Fodder, Sugarcane Wheat, Fodder Rice-Wheat, Sugarcane 
Moza Dohri Rice, Fodder, Sugarcane Wheat, Fodder Rice-Wheat, Sugarcane 
Chak No. 1 
(Phularwan) 

Rice, Fodder, Sugarcane Wheat, Fodder Rice-Wheat, Sugarcane 

Table 31. Crop yield at farm level in selected villages at MREP, Bhalwal. 

Village 

Crop Yield (tons/ha) 

Rice Wheat Sugarcane 

Min. Max. Av. Min. Max. Av. Min.  Max. Av. 

Ratho Kala 0.4 2.8 1.7 1.0 4.5 2.3 5.9 98.8 11.9 
Thathi Noor 1.0 3.5 2.0 1.4 4.0 2.4 39.5 79.0 49.4 
Jalar Waraichan 1.0 2.5 1.8 1.0 3.0 2.0 14.8 74.1 39.5 
Head Faqerian 1.0 2.0 1.5 1.6 3.0 2.2 19.8 59.3 39.5 
Chak No. 6ML 0.5 3.0 1.8 1.6 2.5 2.0 44.5 98.8 69.2 
Nabi Shah Bala 1.5 2.5 2.0 1.4 3.6 2.5 14.8 64.2 34.6 
Dhera Ranjha 0.5 1.8 1.0 0.8 2.6 1.8 9.9 59.3 34.6 
Chak No. 15NB Crop not grown 0.4 2.5 1.6 9.9 79.0 37.1 
Chak No. 17NB 1.0 3.5 1.5 1.0 4.0 2.0 19.8 98.8 59.3 
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Bonga Minhas 1.0 2.5 1.8 0.5 2.5 1.5 4.9 44.5 29.6 
Sakacar (Jurra ) 0.6 4.0 1.5 0.4 2.4 1.2 17.3 69.2 34.6 
Moza Dohri 0.8 3.2 2.0 0.6 1.8 1.2 39.5 39.5 64.2 
Chak No. 1 (Phularwan) 0.8 3.5 2.4 1.6 3.7 3.0 29.6 88.9 59.3 

Table 32. Productivity of milk animals and income of selected villages at MREP, Bhalwal. 

Village 

Milk Yield (Kg/Animal) Income from Milk (Rs./day) 

Buffalo Cow Buffalo Cow 

Ratho Kala 8 12 96 144 

Thathi Noor 3 4 36 48 

Jalar Waraichan 3 5 36 60 

Head Faqerian 4 5 48 60 

Chak No. 6ML 8 7 96 84 

Nabi Shah Bala 4 6 48 72 

Dhera Ranjha 4 6 48 72 

Chak No. 15NB 4 7 48 84 

Chak No. 17NB 4 4 48 48 

Bonga Minhas 4 5 48 60 

Sakacar (Jurra ) 5 6 60 72 

Moza Dohri 7 9 84 108 

Chak No. 1 (Phularwan) 7 8 84 96 

Milk income was calculated at the rate of Rs. 12 per kilogram 

PRA discussions and conclusions 

Problems and constraints assessment and priority 

Problems and constraints 

The farmers‘ groups in selected thirteen villages of the Target Area identified thirteen problems and 

constraints (Table 33). The problems and constraints as perceived by the farming community are 

described as under: 

 Shortage of canal water supplies; 

 Waterlogging and salinity; 

 Non-availability and high price of seed, fertilisers and pesticides; 

 Lack of credit availability; 

 In-effective surface drainage and closure of SCARP tubewells; 

 Limited availability and high cost of labour; 

 Low output prices, insufficient support prices of commodities and delayed payment especially 

from sugar factories; 

 Water conveyance losses; 
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 In-appropriate Mogha size and location; 

 Higher rates of diesel fuel; 

 Unskilled tenants and other related issues; 

 Non-availability of government subsidy; and 

 Non-availability of services from input delivery and other service channels and insufficient 

infrastructure. 

Table 33. Constraints and problems faced by farmers in selected villages at MREP, Bhalwal. 

 Problems and Constraints 

Village 1 2 3 4 5 6 7 8 9 10 11 12 13 

Ratho Kala  -  - - - -   -    

Thathi Noor     -  -       

Jalar Waraichan  -   - - -   -    

Head Faqerian  -   - -        

Chak No. 6ML  -   -  -       

Nabi Shah Bala      - -   -    

Dhera Ranjha  -  - - -        

Chak No. 15NB  -  - - -        

Chak No. 17NB  -  - - - -   -    

Bonga Minhas      - -       

Sakacar (Jurra )  -  -  - -   -    

Moza Dohri     -  -   -    

Chak No. 1 
(Phularwan) 

 -   - - -       

Percent Responded 77 31 92 46 23 8 23 23 31 16 16 16 23 

 Problem identified; - Problem not identified 

The farmers' groups in different villages identified two to six problems and constraints related to 

agricultural productivity and production system. Each group was asked to rank the problems. The 

ranking of problems by different farmers‘ groups can also be presented for each village. As the 

objective of the PRA was to identify and select suitable locations for the field research of skimming 

well and pressurised irrigation technology, therefore ranking of problems per village basis was not 

provided in this report. However, the percentage of respondents will help to describe weight of 

different problems and constraints. 

The problems identified by the farmers' groups of the selected thirteen villages cover a wide range. 

The thirteen problems identified in total can be described in the following seven broad areas: 

 Mogha size and location; 

 Water conveyance losses and canal water supplies; 
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 Waterlogging and salinity; 

 Drainage and SCARP tubewells; 

 Input availability and high prices (seed, fertiliser, pesticides, diesel fuel, credit and labour); 

 Output prices (support price and payments), provision of services and subsidy; 

 Infrastructure. 

Some of these problem areas are not directly related to the project objectives. Therefore, these have 

to be further ranked considering the project objectives.  

Priority Issues 

Farmers' perceptions were very clear regarding problems and constraints they faced in farming. 

About 92% farmers groups indicated that non-availability and high price of inputs like seed, fertiliser 

and pesticides was a major problem. In addition farmers' groups of 46% villages surveyed indicated 

that lack of credit availability was another concern for the use of improved inputs. Farmers' groups of 

23% villages indicated that low output prices, insufficient support price of commodities and delayed 

payment from sugar factories were also issues related to the farming. Some of the farmers' groups 

also highlighted the problem of high price of diesel fuel. Therefore, profitability of irrigated agriculture 

was a major concern being faced by the farming community and all the above stated problems and 

constraints are related to profitability.  

The second major issue relates to the shortage of canal water supplies. Around 77% villages were 

facing this problem. In addition 23% farmers' groups of selected villages stated that water 

conveyance losses were a major factor in contributing towards shortage of canal supplies and 

waterlogging. This is an indicator for the need of additional water supplies from tubewells to meet 

crop water requirements. The appraisal also indicated that 10 and 67% villages are dependent on 

tubewells and tubewells plus canal water supplies, respectively (refer to Table 25). Therefore, 

tubewell irrigation is an essential element to have reliable and timely supply of water to meet peak 

irrigation water requirement of crops. Normally, the canal supplies in the peak demand periods of 

March and September are limited.  

Farmers‘ groups of around 31% villages of the surveyed area indicated that waterlogging and salinity 

were concerns for agricultural productivity. This data is very much in line with the national average 

data of saline and waterlogged area in the IBIS. 

The three main issues faced by the community based on the participatory appraisal are stated as 

under: 

 Profitability of irrigated agriculture as the input prices were higher and farmers were not 

getting right prices of their produce. The situation becomes critical when they have to face 



 xxiii 

problem in availability of inputs and delayed payment of their marketable products especially 

the payment by the sugar mills. 

 Shortage of canal water supplies and water conveyance losses resulted into reduced surface 

water supplies at the farm level. Therefore, farmers were forced to use groundwater for 

supplemental purposes. The use of poor quality groundwater further added to the secondary 

salinization and sodification of soils. The cost of per m
3
 of tubewell water was almost twenty 

times of the canal water, thus it further adds toward high cost of production and reduced 

profitability. 

 Waterlogging and salinity was a serious concern in certain areas, where productivity and 

profitability of irrigated agriculture was being affected drastically. 

The above-mentioned three issues seem logical. The first issue is beyond the scope of the project. 

However, the project can address indirectly the other two issues. The analysis by farmers and their 

perceptions support the research hypothesis to develop technology for skimming fresh groundwater 

and efficient utilisation.   

Potential locations and criteria for project interventions 

The villages were categorised based on the depth of thin layer of fresh groundwater overlain by the 

brackish groundwater. Five villages out of thirteen included in the PRA study were found slightly 

suitable for skimming dugwells (Table 34). However, the thickness of the layer of freshwater is less 

than 7.5 m. Therefore, design of dugwell should be based on the recharge to the well and the 

drawdown pattern in a given location. These villages thus have low potential for dugwells and 

discharge has to be limited to avoid intrusion of poor quality groundwater. 

Two villages out of thirteen included in the PRA study were found suitable for skimming dugwells 

(Table 34). The thickness of the layer of freshwater is less than 15 m. Therefore, design of dugwell 

should be based on the recharge to the well based on the drawdown pattern in a given location. 

These villages thus have high potential for dugwells and discharge has to be limited to avoid intrusion 

of poor quality groundwater. 

Table 34. Villages having potential for skimming dugwells and tubewells at MREP, Bhalwal. 

Villages with Potential for Installation of Dugwells Villages with Potential for Installation 
of Tubewells 

Low Potential High Potential 

Thathi Noor Chak No. 15NB Ratho Kala 

Jalar Waraichan Chak No. 17NB Head Faqerian 

Chak No. 6ML  Nabi Shah Bala 

Bonnga Minhas  Dhera Ranjha 

Sakacer (jurra)  Moza Dohri 
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  Chak No. 1 (Phularwan) 

Six villages out of thirteen included in the PRA study were found suitable for skimming tubewells 

(Table 34). The thickness of the layer of freshwater is less than 30 m. Therefore, design of tubewell 

should be based on the recharge to the well based on the drawdown pattern in a given location. 

These villages thus have medium potential for tubewells and discharge has to be limited to avoid 

intrusion of poor quality groundwater. 

Farmers' perceptions for interventions 

Farmers‘ perceptions for problems and interventions were analysed (Table 35). The five major 

aspects described by the farmers' groups were compared in the thirteen selected villages and are 

stated as under: 

 Need for increasing cropping intensity and productivity; 

 Willingness of farmers' groups to use groundwater for increased cropping intensity and 

enhanced productivity; 

 Knowledge on presence of fresh groundwater layer underlain by marginal to brackish 

groundwater; 

 Need for pumping of fresh groundwater; and 

 Willingness to participate in the project activities. 

All the farmers‘ groups supported the need for increasing cropping intensity and productivity. Around 

90% farmers‘ groups were willing to use groundwater to accomplish the task of enhanced productivity 

and production. About 67% farmers‘ groups were having the knowledge of presence of fresh 

groundwater layer underlain by brackish groundwater. Around 83% farmers‘ groups identified the 

need for pumping freshwater and had shown their willingness to participate in project activities. 

Table 35. Farmers’ perceptions regarding interventions in selected villages at MREP, Bhalwal. 

Village 

Interventions 

1 2 3 4 5 

Ratho Kala 95 85 80 90 95 
Thathi Noor 100 90 75 90 100 
Jalar Waraichan 100 90 100 80 100 
Head Faqerian 100 50 80 25 25 
Chak No. 6ML 100 100 80 100 90 
Nabi Shah Bala 100 100 85 100 90 
Dhera Ranjha 100 100 0 100 100 
Chak No. 15NB 100 100 80 80 50 
Chak No. 17NB 100 85 50 80 90 
Bonga Minhas 100 100 80 90 95 
Sakacar (Jurra ) 100 100 75 100 95 
Moza Dohri 100 80 25 70 75 
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Chak No. 1 (Phularwan) 100 90 60 80 80 

Average 100 90 67 83 83 

Project interventions 

The following interventions were identified based on the priority issues and interventions as stated by 

the farmers' groups and the project objectives: 

 Installation of dugwells one each in very thin, thin and medium thickness zones of fresh 

groundwater; 

 Installation of tubewells in medium thickness zone of fresh groundwater; 

 Installation of raingun sprinklers systems for crops, vegetables and orchards; 

 Installation of drip irrigation system for young orchards; and  

 Furrow irrigation on permanent furrow-bed system. 

PRA recommendations 

The PRA results provided sufficient information for the selection of potential locations for the project 

interventions related to skimming wells and innovative irrigation systems. However, there is a need to 

conduct detailed diagnostic study and analysis of the selected villages to: 

 Evaluate the quality of shallow groundwater using samples collected from existing farmers' 

handpumps and tubewells; 

 Structured interviews of farmers to document baseline information;  

 Appraisal to document information regarding existing pumping facility, energy requirement, 

etc.; and 

 Validation of selected villages under PRA study for the introduction of project interventions. 

 Diagnostic analysis of selected farms 
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DIAGNOSTIC ANALYSIS 

Criteria for selection of potential locations 

The criteria for selection of potential locations was based on following elements: 

 The deep groundwater quality of tubewells beyond 30 m should be either saline, saline-sodic 

or sodic. This can be verified by the quality of SCARP tubewells for which sufficient data are 

available. 

 The brackish groundwater is overlain by a layer of fresh groundwater having thickness either 

suitable for skimming dugwell (7.5 - 15 m) or tubewell (15 - 30 m). 

 The location is part of the Target Area (Mona Unit) and part of the cluster but meeting the 

above mentioned quality considerations. 

 Proximity to the Mona Field Office and accessibility especially during the rainy season to 

avoid problems associated with waterlogging. 

 Farmers‘ willingness to participate in project interventions based on their genuine needs in 

relation to skimming wells and pressurized irrigation systems. 

Need and location of the Diagnostic Analysis Study 

The project is aimed to develop and test technology for skimming wells and pressurised irrigation for 

adaptation in the farming environment. In the beginning, a spatial and temporal analysis was 

conducted for the groundwater quality of SCARP tubewells in the Mona Unit to identify potential 

locations in the Target Area based on spatial analysis of deep groundwater quality using GIS.  

The potential locations identified in the Target Area under the GIS study were validated through 

Participatory Rural Appraisal (PRA) where farmers' perceptions were documented regarding 

problems and to assess their willingness to participate in the project activities, especially the testing 

and adaptation of the technology. In addition, the information provided by the farming community 

would be useful in the design and layout of skimming wells and pressurised irrigation systems.  

The PRA helped to validate the GIS based spatial analysis but it was not possible to document the 

farm level conditions and to evaluate the quality of shallow groundwater by collecting samples from 

private handpumps and tubewells. This was possible only through structured interviews of selected 

farmers and survey to collect samples of shallow groundwater for quality analysis. Taking into 

consideration the need for diagnostic analysis, a study was initiated in the Target Area, where seven 

villages were selected (Figure 15). In these seven villages around 58 farmers were interviewed and 

groundwater samples of their handpumps were collected. In addition to this, 35 farmers were 

interviewed and groundwater samples of their private tubewells were collected for quality analysis. 
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Classification of SCARP tubewells in the Target Area 

According to the GIS study, the thirteen potential villages were selected which represent freshwater, 

marginally saline, marginally saline-sodic and hazardous quality of deep groundwater. The freshwater 

villages were selected to validate that whether the SCARP tubewells represent the overall picture of 

the area or not. In all the seven villages (village #1 to #7) selected for the Diagnostic Analysis Study 

(DAS), the SCARP tubewells were installed. The number of tubewells ranges between 2 to 4 (Table 

15). The first seven villages namely Head Faqerian, Jalar Waraichan, Ratho Kala, Chak #1, Thathi 

Noor, Chak #6 ML, and Moza Dohri were selected. The DAS was conducted in these seven villages 

to finalize the methodology. 

Potential locations and criteria for project interventions 

Based on the PRA, the villages were categorised based on the depth of thin layer of fresh 

groundwater overlain by the brackish groundwater. Five villages out of thirteen included in the PRA 

study were found slightly suitable for skimming dugwells (Table 34). However, the thickness of the 

layer of freshwater was less than 7.5 m. Therefore, design of dugwell should be based on the 

recharge to the well and the drawdown pattern in a given location. These villages thus have low 

potential for dugwells and discharge has to be limited to avoid intrusion of poor quality groundwater. 

Two villages out of thirteen included in the PRA study were found highly suitable for skimming 

dugwells (Table 36). The thickness of the layer of freshwater was less than 15 m. Therefore, design 

of dugwell should be based on the recharge to the well based on the drawdown pattern in a given 

location. These villages thus have high potential for dugwells and discharge has to be limited to avoid 

intrusion of poor quality groundwater. 

Six villages out of thirteen included in the PRA study were found suitable for skimming tubewells 

(Table 36). The thickness of the layer of freshwater was less than 30 m. Therefore, design of tubewell 

should be based on the recharge to the well based on the drawdown pattern in a given location. 

These villages thus had medium potential for tubewells and discharge had to be limited to avoid 

intrusion of poor quality groundwater. 

Table 36. Villages having potential for skimming wells based on PRA at the Mona Unit, 

Bhalwal, Sargodha, Pakistan. 

Villages with Potential for Installation of Dugwells Villages with Potential for Installation 
of Tubewells 

Low Potential High Potential 

Thathi Noor Chak No. 15NB Ratho Kala 
Jalar Waraichan Chak No. 17NB Head Faqerian 
Chak No. 6ML  Nabi Shah Bala 
Bonnga Minhas  Dhera Ranjha 
Sakacer (jurra)  Moza Dohri 
  Chak No. 1 (Phularwan) 
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Objectives of Diagnostic Analysis Study 

The specific objectives of the diagnostic study are as under: 

 Document farm level landuse, farming system, productivity and water table behaviour using 

structured interviews;  

 Use interactive process of structured interviewing to collect samples of groundwater from 

selected farms representing shallow groundwater for quality analysis and document 

characteristics of private handpumps and tubewells; 

 Use interactive process of participation to document aspects of prime mover and fuel 

consumption of diesel operated pumping systems and farmers‘ awareness about research 

issues; 

 Use interactive process of structured interviewing to document farmers‘ willingness in project 

interventions;  

 Finalize selection of potential villages considering the project interventions based on 

perceptions of the farming community and diagnostic analysis study; 

 Fine-tuning of criteria for installation of skimming dugwells and tubewells based on the PRA 

and DAS findings about thin layer of freshwater; and 

 Propose follow-up actions based on the conclusions and discussions of the DAS. 

Methodology of Diagnostic Analysis Study 

The Diagnostic Analysis Study (DAS) Team adopted an explicitly participatory methodology for the 

target group appraisal and analysis and structured interviews for farm level analysis. This involved 

field visits each to the seven selected villages, as well as dialogues and structured interviewing with 

the farmers selected in these villages. The DAS was designed to increase understanding of 

relationships, processes and impacts in the project Target Area and especially the farm level 

behaviour in terms of landuse, productivity, groundwater quality, prime movers and fuel consumption 

of diesel pumpsets.  

In each village, the team held dialogues and conducted field visits with a range of local groups and 

structured interviews of selected farmers and sampling of groundwater for quality analysis. A wide 

range of participatory methods was used including seasonal analysis, scorings, structured interviews 

and sampling. These dialogues were held in the selected villages and structured interviewing of 

selected farmers. The team on every afternoon arranged discussions to establish trustworthiness of 

the findings. 

Six essential elements of the DAS methodology used in the Target Area are: a) a defined 

methodology and systemic learning process; b) multiple perspective; c) group learning process; d) 
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context specific; e) structured interviewing and sampling; f) facilitating experts and stakeholders; and 

g) leading to sustained action. The participatory methods used in these systems of learning and 

action can be structured into three classes: a) methods for group and team dynamics; b) methods for 

sampling; and c) methods for structured interviewing and participatory dialogues. 

It is the collection of these methods into unique approaches, or assemblages of methods, that 

constitute different systems of learning and action. The techniques used under each method are 

presented in Table 37. 

Table 37. DAS methods for alternative systems of learning and action. 

Group and Team Dynamics Methods Sampling Methods Interviewing and Dialogues 

Team contact 

Team reviews and discussions 

Interview guides and Checklists 

Rapid report writing 

Work sharing 

Process notes and personal diaries 

Transect walk 

Random Selection of Farms 

Semi-structured and 
structured interviewing 

Direct group dialogues 

DAS team and training 

The DAS team consists of seven members. Four of the members are located full time in the Project 

area. The team leader and one of the members have already experience of the DASs. Therefore, 

after developing the checklist and structured questionnaire, these were used in the field for pre-test. 

The full-time team members were given necessary training for the DAS. The members of the DAS 

team are as under: 

 Dr. Shahid Ahmad (Team Leader) 

 Mr. Muhammad Yasin (Member) 

 Dr. Muhammad Munir Ahmad (Member) 

 Mr. Ghani Akbar (Full-time Member) 

 Mr. Zahid Khan (Full-time Member) 

 Mr. Ihsanullah (Full-time Member) 

 Mr. Aziz Ahmad (Full-time Member) 

DAS questionnaire and checklist 

DAS questionnaire and Checklist were prepared to focus the methods of group and team dynamics 

and structured interviewing. The questionnaire and Checklist included all elements relevant to the 
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project activities and farming system in the selected villages. The major elements of the questionnaire 

and checklist are: 

 Landuse; 

 Water scarcity; 

 Seasonal crops and cropping pattern; 

 Cropping intensity and crop yields;  

 Watertable depth; 

 Shallow groundwater quality 

 Prime movers and fuel consumption efficiency of diesel operated pumpsets; 

 Farmers‘ awareness on project issues; 

 Farmers‘ willingness for project interventions; 

 DAS discussions and conclusions; 

 Interventions; and  

 Recommendations. 

The detailed questionnaire and checklist are presented in Annex II & III, respectively. 

DAS findings 

Farm and village level land use 

The average landholding per farm varied widely in the selected villages between 5.2 to 36.6 ha. In 

fact one of the farm of 202.5 ha in the Thathi Noor distorted the average of 36.6 ha. The average of 

the rest six villages varied between 5.2 to 12.4 ha. The landholding in the six villages was very much 

in line with the average landholding in the country (Table 38). The minimum landholding among 

selected 58 farms was 2.0 ha, which was also in line with the size of small farms prevailing in the 

country. The maximum landholding was 202.5 ha. The average landholding of the sample was 

around 14 ha. About 43% farms were affected by salinity. The maximum farm area affected by 

salinity was 8.1 ha with an average of 1.1 ha. In total around 8% area was affected by salinity in the 

selected 58 farms (Table 38). 

Land Use as affected by water scarcity 

The farmers in general were of the view that they are facing water scarcity in relation to landuse. The 

water scarcity can be viewed in terms of reduced cropping intensity and reduced crop yields 

compared to the potential. The shortage prior to the crop sowing affects the area to be planted and 
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thus affects the cropping intensity. The shortages during the crop growing season affect the irrigation 

schedules in terms of frequency and depth of irrigation. There was wide variability in percent area 

affected by water scarcity in selected seven villages. The area affected by water scarcity varied 

between 37 to 69 percent in selected seven villages. Moza Dohri was least affected by water scarcity, 

whereas Chak #1 (Phularwan) was affected the most (Table 38). The minimum and maximum 

percent area affected at farm level was 14 and 100%, respectively, with an average of 49% area 

affected by water scarcity (Table 38). The higher level of land area affected by water scarcity is a 

good indication of the possibility of further expansion in groundwater use and tubewell development in 

the Target Area. Therefore, there is scope of project interventions to assist farmers in the design of 

skimming wells. 

Table 38. Land use and area affected by water scarcity in selected villages at the Mona Unit, 

Bhalwal, Sargodha, Pakistan. 

Village Farmers' Name Land Use (ha) Area Affected by Water 
Scarcity (%) 

Landholding Salt Affected 

Head 
Faqerian 

Ahmed Khan 7.3 0.0 33 

Faiz 12.2 4.9 20 

Mushtaq 12.2 4.9 20 

Muhammad Bakhsh 7.5 0.0 81 

Wasif Aziz 37.3 0.0 33 

Islamuddin, Nasiruddin 2.8 0.0 71 

Atha Muhammad 7.3 0.0 56 

Average 12.4 1.4 45 

Jalar 
Waraichan 

Amir Hussain 2.4 0.0 67 

Sabir Anwar 2.4 0.0 33 

Gulzar Ahmed  2.4 0.0 50 

Shahid Muzaffar 6.1 2.0 40 

Ch. Ifthikhar 13.0 2.8 38 

Akhthar Ali Hussain 4.9 0.0 50 

Average 5.2 0.8 46 

Ratho Kala Sulthan 14.6 2.4 17 

Ahmed Khan 2.0 0.0 60 

Khushi Muhammad 2.0 0.0 60 

Ghulam Muhammad 6.5 0.0 31 

Ghulam Nabi 2.9 0.0 62 

Lal Khan 7.3 0.0 33 

Allah Yar 8.1 0.0 35 

Muhammad Aslam 16.2 0.0 28 

Muhammad Nawaz 16.2 0.0 28 
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Fatah Muhammad 2.0 0.0 100 

Average 7.8 0.3 45 

Chak #1 
(Phularwan) 

Sher Muhammad 7.3 0.0 56 

Allah Bakish 4.9 0.0 50 

Muhammad Aslam 4.1 0.0 100 

Average 5.4 0.0 69 

Thathi Noor Ahmed Yar 45.4 0.0 45 

Qadir Nawaz 202.5 8.1 40 

Zahoor Ahmed 4.9 0.8 42 

Skinder Hayiat 10.1 0.8 32 

Muhammad Khan 10.1 1.0 40 

Mazahar Ahmed 3.2 0.0 63 

Muhammad Nawaz 3.2 0.0 63 

Safdar Nawaz 35.2 3.2 57 

Ahmed Sher 30.4 0.0 33 

Nazar Hayiat 20.7 0.0 65 

Average 36.6 1.4 48 

Chak #6 ML Faiz Ahmed 7.3 1.2 89 

Imran 7.3 1.2 33 

Sher 20.3 1.6 80 

Ch. Yar 20.3 0.8 50 

Muhammad Mumtaz 5.3 1.6 54 

Ch. Shamsher 4.9 0.0 100 

Nasrullah 7.3 1.2 67 

Chohdry M. Aslam 4.9 0.0 67 

M. Yousaf, Munir, 
Nazir 

6.1 2.0 67 

Muhammad Javed 6.5 1.2 75 

Malak Sikandar Rehan 20.3 0.0 0 

Average 10.0 1.0 62 

Moza Dohri Khizer Hayat 2.8 0.0 71 

Khizer s/o Raja Khan 6.9 0.8 29 

Muhammad Ijaz 20.3 1.2 30 

M. Ashraf, M. Riaz 
(Ret Majer General) 

16.2 7.3 45 

Sarfaraz  10.1 2.0 20 

Dost Muhammad 10.5 2.0 19 

Ifthikhar Ahmed 6.1 1.6 33 

Ahmed Sher 2.8 0.0 71 

Ahmed Khan 14.2 0.0 14 

Muhammad Yar 5.7 0.0 71 
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Ch. M. Ashraf Gondal 32.4 4.1 0 

Average 11.6 1.7 37 

 Minimum 2.0 0.0 14 

Maximum 202.5 8.1 100 

Overall Average 14.1 1.1 49 

Seasonal crops and cropping pattern 

Kharif crops 

Rice and sugarcane were the most common crops grown by farmers. In addition sorghum, maize, 

millets and fodders were also grown. Orchard was not common in farms and villages selected 

because most of the villages were facing waterlogging problem (Table 39). 

Rabi crops 

Wheat and fodders were the most common crops grown by farmers. In addition rapeseed, mustard 

and canola were also grown. The commonly grown fodders in the Rabi season were berseem and 

lucern (Table 39). 

Cropping pattern 

Rice-wheat was the most commonly practiced cropping pattern in the Target Area. However, 

sugarcane and fodders were also grown on significant area. Therefore, the cropping pattern can be 

characterized as rice-wheat, sugarcane (Table 39). Some of the farmers were also practicing 

sorghum-wheat, sugarcane cropping pattern. These farmers were not able to grow rice due to soil 

textural problems or water shortages (Table 39). About 86% farmers followed rice-wheat, sugarcane 

cropping pattern. Around 9% farmers followed sorghum-wheat, sugarcane cropping pattern. Only 5% 

farmers were involved in miscellaneous cropping patterns (Table 39). In general, the cropping pattern 

of the Target Area can be classified as mixed cropping pattern, where 2-3 crops were commonly 

grown both in the Rabi and the Kharif seasons. Sugarcane was grown as an annual crop. 

Table 39. Crops and cropping pattern of farms in selected villages at the Mona Unit, Bhalwal, 

Sargodha, Pakistan. 

Village Farmers' Name Crops Cropping Pattern 

Kharif Rabi 

Head 
Faqerian 

Ahmed Khan Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Faiz Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Mushtaq Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 
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Muhammad Bakhsh Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Wasif Aziz Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Islamuddin, 
Nasiruddin 

Rice, Maize Wheat, Fodder Rice-Wheat 

Atha Muhammad Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Jalar 
Waraichan 

Amir Hussain Rice, Sugarcane, 
Fodder 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Sabir Anwar  Fodder Fodder 

Gulzar Ahmed  Orchard Orchard Orchard 

Shahid Muzaffar Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ch. Ifthikhar Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Akhthar Ali Hussain Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ratho Kala Sulthan Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ahmed Khan Rice, Sorghum Wheat, Fodder Rice-Wheat 

Khushi Muhammad Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ghulam Muhammad Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ghulam Nabi Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Lal Khan Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Allah Yar Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Aslam Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Nawaz Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Fatah Muhammad Sugarcane, 
Maize, Millet 

Wheat, Fodder, 
Vegetable 

Maize-wheat, 
Sugarcane 

Chak #1 
(Phularwan) 

Sher Muhammad Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Allah Bakish Rice, Sorghum Wheat, Fodder Rice-Wheat 

Muhammad Aslam Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Thathi Noor Ahmed Yar Sugarcane, 
Sorghum 

Wheat, Fodder Sorghum-wheat, 
Sugarcane 

Qadir Nawaz Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 



 xxxv 

Zahoor Ahmed Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Skinder Hayiat Sugarcane, 
Sorghum 

Wheat, Fodder Sorghum-wheat, 
Sugarcane 

Muhammad Khan Sugarcane, 
Sorghum 

Wheat, Fodder Sorghum-wheat, 
Sugarcane 

Mazahar Ahmed Sugarcane, 
Sorghum 

Wheat, Fodder Sorghum-wheat, 
Sugarcane 

Muhammad Nawaz Sugarcane, 
Sorghum 

Wheat, Fodder Sorghum-wheat, 
Sugarcane 

Safdar Nawaz Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ahmed Sher Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Nazar Hayiat Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Chak #6 ML Faiz Ahmed Rice, Sugarcane, 
Sorghum 

Wheat, 
Rapeseed, 
Fodder 

Rice-Wheat, 
Sugarcane 

Imran Rice, Sugarcane, 
Maize 

Wheat, 
Rapeseed, 
Fodder 

Rice-Wheat, 
Sugarcane 

Sher Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ch. Yar Rice, Sugarcane, 
Fodder 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Mumtaz Rice, Maize, 
Sorghum 

Wheat, Fodder Rice-Wheat 

Ch. Shamsher Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Nasrullah Rice, Sugarcane, 
Maize 

Wheat, 
Rapeseed, 
Fodder 

Rice-Wheat, 
Sugarcane 

Chohdry M. Aslam Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

M. Yousaf, Munir, 
Nazir 

Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Javed Rice, Sugarcane, 
Fodder 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Malak Sikandar 
Rehan 

Rice, Sugarcane, 
Maize 

Wheat, Fodder  Rice-Wheat, 
Sugarcane 

Moza Dohri Khizer Hayat Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Khizer s/o Raja 
Khan 

Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Ijaz Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 
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M. Ashraf, M. Riaz 
(Ret Majer General) 

Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Sarfaraz  Rice, Sugarcane Wheat, Fodder Rice-Wheat, 
Sugarcane 

Dost Muhammad Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ifthikhar Ahmed Rice, Sugarcane, 
Sorghum 

Wheat, Fodder, 
Rapeseed 

Rice-Wheat, 
Sugarcane 

Ahmed Sher Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ahmed Khan Rice, Sugarcane, 
Sorghum 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Muhammad Yar Rice, Sugarcane, 
Maize 

Wheat, Fodder Rice-Wheat, 
Sugarcane 

Ch. M. Ashraf 
Gondal 

Rice, Sugarcane, 
Maize, Millet 

Wheat, Fodder, 
Canola 

Rice-Wheat, 
Sugarcane 

Cropping intensity 

Rabi season 

The cropping intensity of the Rabi season in selected 58 farms of seven villages varied from 55% to 

100%, with an average of 82%. The average cropping intensity of 82% was an indicator that only 

18% area was fallow during the Rabi season. The average seasonal cropping intensity in the Target 

Area was higher than the national average of 60% (Table 46). 

Kharif season 

The cropping intensity of the Kharif season in selected 58 farms of seven villages varied from 50% to 

100%, with an average of 81%. The average cropping intensity of 81% was an indication that only 

19% area was fallow during the Kharif season. The average seasonal cropping intensity in the Target 

Area was higher than the national average of 60% (Table 46). 

Annual 

The annual cropping intensity in selected 58 farms of seven villages varied between 105 to 200%, 

with an average annual cropping intensity of 163%. This was 43% higher than the national average 

annual cropping intensity of 120% in the irrigated areas (Table 46). 

Table 46. Crop yield and cropping intensity of farms in selected villages at the Mona Unit, 

Bhalwal, Sargodha, Pakistan. 

Village Farmers' 
Name 

Crop Yield (tons/ha) Cropping Intensity (%) 

Wheat Rice Sugercane Rabi Kharif Annual 

Head 
Faqerian 

Ahmed 
Khan 

2.2 2.2 43.6 80 75 155 
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Faiz 2.2 2.2 43.6 75 70 145 

Mushtaq 2.2 2.2 43.6 75 70 145 

Muhammad 
Bakhsh 

2.4 2.2 43.6 80 75 155 

Wasif Aziz 2.6 3.3 65.4 85 75 160 

Islamuddin, 
Nasiruddin 

2.6 3.3  80 85 165 

Atha 
Muhammad 

2.7 2.2 49.1 90 85 175 

Minimum 2.2 2.2 43.6 75 70 145 

Maximum 2.7 3.3 65.4 90 85 165 

Average 2.4 2.5 48.2 81 76 156 

Jalar 
Waraichan 

Amir 
Hussain 

2.6 1.6 21.8 85 80 165 

Sabir Anwar    80 75 155 

Gulzar 
Ahmed  

      

Shahid 
Muzaffar 

2.2 2.0 21.8 80 75 155 

Ch. Ifthikhar 2.7 2.2 43.6 75 70 145 

Akhthar Ali 
Hussain 

2.8 1.9 43.6 85 80 165 

Minimum 2.2 1.6 21.8 75 70 145 

Maximum 2.8 2.2 43.6 85 80 165 

Average 2.6 1.9 32.7 81 76 157 

Ratho Kala Sulthan 2.6 3.8 109 80 75 155 

Ahmed 
Khan 

2.9 2.6  85 80 165 

Khushi 
Muhammad 

2.8 2.7 43.6 90 85 175 

Ghulam 
Muhammad 

3.3 3.1 43.6 90 80 170 

Ghulam 
Nabi 

2.7 2.7 32.7 90 80 170 

Lal Khan 2.2 2.6  90 85 175 

Allah Yar 2.6 3.3 70.9 90 85 175 

Muhammad 
Aslam 

2.6 2.4 76.3 85 80 165 

Muhammad 
Nawaz 

2.6 2.7 76.3 90 85 175 

Fatah 
Muhammad 

3.0 3.5 60.0 100 100 200 

Minimum 2.2 2.4 32.7 80 75 155 

Maximum 3.3 3.8 109.0 100 100 200 

Average 2.5 2.9 64.1 89 84 173 
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Chak #1 
(Phularwan) 

Sher 
Muhammad 

2.4 1.6 32.7 75 70 145 

Allah 
Bakish 

2.7 2.0  75 70 145 

Muhammad 
Aslam 

2.6 2.2 32.7 90 85 175 

Minimum 2.4 1.6 32.7 75 70 145 

Maximum 2.7 2.2 32.7 90 85 175 

Average 2.6 1.9 32.7 80 75 155 

Thathi Noor Ahmed Yar 3.3  76.3 85 80 165 

Qadir 
Nawaz 

2.6 3.3 54.5 80 85 165 

Zahoor 
Ahmed 

2.6 2.8 49.1 85 80 165 

Skinder 
Hayiat 

2.7  76.3 80 75 155 

Muhammad 
Khan 

2.6  87.2 95 90 185 

Mazahar 
Ahmed 

2.4  76.3 80 80 160 

Muhammad 
Nawaz 

2.5  70.9 80 85 165 

Safdar 
Nawaz 

3.5 3.8 76.3 85 80 165 

Ahmed 
Sher 

2.8 3.3 43.6 80 75 155 

Nazar 
Hayiat 

2.6 3.3 49.1 80 75 155 

Minimum 2.4 2.8 43.6 80 75 155 

Maximum 3.5 3.8 87.2 95 90 185 

Average 2.5 3.3 66.0 83 81 164 

Chak #6 ML Faiz Ahmed 2.7 2.7 27.3 80 70 150 

Imran 3.3 2.2 43.6 80 70 150 

Sher 2.8 1.6 32.7 80 75 155 

Ch. Yar 2.8 1.4 43.6 80 75 155 

Muhammad 
Mumtaz 

2.7 2.2  80 75 155 

Ch. 
Shamsher 

3.3 2.4  80 90 170 

Nasrullah 2.7 2.0 43.6 80 70 150 

Chohdry M. 
Aslam 

2.7 2.2 38.2 80 80 160 

M. Yousaf, 
Munir, Nazir 

2.7 1.6 43.6 80 70 150 
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Muhammad 
Javed 

2.7 2.2 32.7 80 70 150 

Malak 
Sikandar 
Rehan 

2.7  54.0 80 100 180 

Minimum 2.7 1.4 27.3 80 70 150 

Maximum 3.3 2.7 54.0 80 100 180 

Average 2.8 2.1 39.9 80 77 157 

Moza Dohri Khizer 
Hayat 

2.6 2.2 54.5 80 85 165 

Khizer s/o 
Raja Khan 

2.6 1.6 43.6 80 85 165 

Muhammad 
Ijaz 

2.2 2.2 60.0 90 80 170 

M. Ashraf, 
M. Riaz 
(Ret Majer 
General) 

2.2  43.6 55 50 105 

Sarfaraz  2.6 1.6 43.6 75 80 155 

Dost 
Muhammad 

2.6 1.7 43.6 70 80 150 

Ifthikhar 
Ahmed 

2.6 2.2 54.5 90 70 160 

Ahmed 
Sher 

2.7 2.4 49.1 85 90 175 

Ahmed 
Khan 

2.7 2.2 43.6 90 85 175 

Muhammad 
Yar 

2.2 2.0 43.6 80 70 150 

Ch. M. 
Ashraf 
Gondal 

2.5 3.8 54.5 100 100 200 

Minimum 2.2 1.6 43.6 55 50 105 

Maximum 2.7 3.8 60.0 100 100 200 

Average 2.5 2.0 48.6 81 80 161 

 Overall 
Minimum 

2.2 1.4 21.8 55 50 105 

Overall 
Maximum 

3.5 3.8 109.0 100 100 200 

Overall 
Average 

2.6 2.4 51.3 82 81 163 
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Crop yield 

Wheat 

The wheat crop yield varied considerably in selected farms and villages of the Target Area. The yield 

varied between 2.2 to 3.5 tons/ha, with an average of 58 farms of 2.6 tons/ha. The average yield was 

18% higher than the national average of 2.2 tons/ha. The low yield of wheat was mainly due to high 

water table and rice-wheat cropping system prevailing in the Target Area where wheat planting was 

normally delayed due to late harvest of rice and thus sufficient time was not available for appropriate 

seedbed preparation. 

Rice 

The rice crop yield varied considerably in selected farms and villages of the Target Area. The yield of 

rice varied between 1.4 to 3.8 tons/ha, with an average of 58 farms of 2.4 tons/ha. The yield of rice 

varied even higher than wheat. The variation was due to wide variability in availability of water. For 

example, farmers having tubewell water had higher yields compared to availability of water from 

canals only. The quality of tubewell water (public/private) also had impact on crop yield. The average 

yield of Target Area was about 20% higher than the national average. 

Sugarcane 

The sugarcane yield varied in selected farms and villages of the Target Area between 21.8 to 109 

tons/ha with an average of 58 farms of 51.3 tons/ha. The average yield was very close to the national 

average. The low crop yield was mainly due to waterlogging, soil salinity and quality of groundwater. 

High water table of marginal to brackish quality is not favourable for growth and productivity of 

sugarcane crop. 

Watertable depth 

The watertable depth in selected seven villages varied between 1.5 to 6 m. The average water table 

depth in the Target Area was 2.5 m. This shows that waterlogging is one of the major problem in the 

selected Target Area. The pumping of shallow groundwater targeted to skim the freshwater would 

also help to lower down the water table. Thus the project interventions of skimming wells and 

pressurised/innovative irrigation systems would help not only in maintaining the root zone salinity but 

these would also have impact in reducing the drainage surplus and ultimately lowering of watertable. 

Private handpumps in selected villages 

Depth of handpumps 

About 56 handpumps were selected in the Target Area to evaluate the depth of the private hand 

pumps installed by the farmers for domestic water use (Figure 20). The depth of handpumps in the 
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selected seven villages varied between 6.1 to 16.8 m. This showed that depth of handpumps varied 

considerably in the selected villages. The shallow depth of pumping was mainly due to high water 

table and the availability of thin layer of the fresh groundwater. The average depth of handpumps in 

the Target Area was around 8 m. The shallow depth of handpumps was a good indication of the thin 

layer of fresh groundwater. 

Shallow groundwater quality of private handpumps 

Head Faqerian: The total dissolved solids of shallow groundwater in the Head Faqerian village varied 

between 270 to 579 ppm. The average total dissolved solids of seven handpupms in the village were 

426 ppm. The pH of shallow groundwater of these handpumps varied between 7.2 to 7.3. This 

showed that the quality of shallow groundwater was very good in the village (Table 47). 

Jalar Waraichan: The total dissolved solids of shallow groundwater in the Jalar Waraichan village 

varied between 550 to 957 ppm. The average total dissolved solids of six handpupms in the village 

were 773 ppm. The pH of shallow groundwater of these handpumps varied between 7.3 to 7.6. This 

showed that the quality of shallow groundwater was good in the village (Table 47). 

Ratho Kala: The total dissolved solids of shallow groundwater in the Ratho Kala village varied 

between 371 to 853 ppm. The average total dissolved solids of nine handpupms in the village were 

690 ppm. The pH of shallow groundwater of these handpumps varied between 7.3 to 7.8. This 

showed that the quality of shallow groundwater ws good in the village (Table 47). 

Chak #1 (Phularwan): The total dissolved solids of shallow groundwater in the Chak #1 (Phularwan) 

village were 532, 723 and 728 ppm for the three selected handpumps, respectively. The average total 

dissolved solids of three handpupms in the village were 661 ppm. The pH of shallow groundwater of 

these handpumps varied between 7.1 to 7.3. This showed that the quality of shallow groundwater 

was good in the village (Table 47). 

Thathi Noor: The total dissolved solids of shallow groundwater in the Thathi Noor village varied 

between 242 to 858 ppm. The average total solids of ten handpupms in the village were 415. The pH 

of shallow groundwater of these handpumps varied between 7.1 to 7.2. This showed that the quality 

of shallow groundwater was very good in the village (Table 47). 

Chak #6 ML: The total dissolved solids of shallow groundwater in the Chak #6 ML village varied 

between 747 to 2060 ppm. The average total dissolved solids of eleven handpupms in the village 

were 1387. Five handpumps were having total dissolved solids of more than 1500 ppm, whereas rest 

of the pumps were having total dissolved solids of less than 1500 ppm. The pH of shallow 

groundwater of these handpumps varied between 7.2 to 7.5. Thus the average quality of shallow 

groundwater was marginal to brackish in the village (Table 47). 
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Moza Dohri: The total dissolved solids of shallow groundwater in the Moza Dohri varied between 435 

to 2176 ppm. The average total dissolved solids of ten handpupms in the village were 917. Two 

handpumps were having total dissolved solids of more than 2000 ppm, whereas rest of the pumps 

were having total dissolved solids of less than 1000 ppm. The pH of shallow groundwater of these 

handpumps varied between 7.1 to 7.5. Thus the average quality of shallow groundwater was good in 

the village (Table 47). 

Handpump depth and shallow groundwater quality 

The total dissolved solids of shallow groundwater from 56 private handpumps were used to have 

scatter plot as a function of handpump depth. The quality of shallow groundwater was not related to 

handpump depth (Figure 21). The quality of groundwater varied even within same level of depth. 

Thus there was significant spatial variability alongwith depth. 

 

Figure 20. Location of handpump for shallow groundwater quality in selected villages, 

Bhalwal. 

Table 47. Watertable, handpump depths, and shallow groundwater quality in selected villages 

at the Mona Unit, Bhalwal, Sargodha, Pakistan. 

Village Farmers' Name Watertable 
Depth (m) 

Depth of 
handpump (m) 

Water Quality 

TDS (ppm) pH 
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Head 
Faqerian 

Ahmed Khan 3.0 7.6 270 7.2 

Faiz 3.0 7.6 500 7.3 

Mushtaq 3.0 7.6 262 7.3 

Muhammad Bakhsh 1.5 7.6 431 7.2 

Wasif Aziz 3.0 7.6 482 7.2 

Islamuddin, 
Nasiruddin 

3.0 7.6 461 7.3 

Atha Muhammad 1.5 7.6 579 7.3 

Minimum 1.5 7.6 270 7.2 

Maximum 3.0 7.6 579 7.3 

Average 2.6 7.6 426 7.3 

Jalar 
Waraichan 

Amir Hussain 2.4 7.6 550 7.3 

Sabir Anwar 2.4 7.6 957 7.3 

Gulzar Ahmed  2.4 9.2 716 7.6 

Shahid Muzaffar 3.0 7.6 877 7.5 

Ch. Ifthikhar 2.1 12.2 579 7.5 

Akhthar Ali Hussain 2.4 7.6 957 7.3 

Minimum 2.1 7.6 550 7.3 

Maximum 3.0 12.2 957 7.6 

Average 2.5 8.6 773 7.4 

Ratho Kala Sulthan 6.0 12.2 758 7.3 

Ahmed Khan 2.1 6.1 881 7.8 

Khushi Muhammad 2.4 6.1 881 7.8 

Ghulam Muhammad 2.4 6.1 881 7.8 

Ghulam Nabi 3.0 7.6 456 7.3 

Lal Khan 3.0 7.6 471 7.4 

Allah Yar 1.8 11.0 853 7.5 

Muhammad Aslam 2.1 7.6 371 7.4 

Muhammad Nawaz 2.4 7.6 656 7.4 

Fatah Muhammad 3.0    

Minimum 1.8 6.1 371 7.3 

Maximum 6.0 12.2 853 7.8 

Average 2.8 8.0 690 7.5 

Chak #1 
(Phularwan) 

Sher Muhammad 3.0 7.6 723 7.2 

Allah Bakish 3.0 7.6 728 7.1 

Muhammad Aslam 3.0 7.6 532 7.3 

Minimum 3.0 7.6 532 7.1 

Maximum 3.0 7.6 728 7.3 

Average 3.0 7.6 661 7.2 

Thathi Noor Ahmed Yar 3.0 6.1 651 7.1 

Qadir Nawaz 2.4 9.8 254 7.2 
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Zahoor Ahmed 2.4 7.6 323 7.2 

Skinder Hayiat 2.7 7.6 263 7.1 

Muhammad Khan 2.7 7.6 242 7.2 

Mazahar Ahmed 3.0 7.6 344 7.1 

Muhammad Nawaz 3.0 7.6 346 7.1 

Safdar Nawaz 3.7 9.1 324 7.1 

Ahmed Sher 3.0 7.6 547 7.1 

Nazar Hayiat 3.0 7.6 856 7.1 

Minimum 2.4 6.1 242 7.1 

Maximum 3.7 9.8 858 7.2 

Average 2.9 7.8 415 7.1 

Chak #6 ML Faiz Ahmed 2.4 7.6 1709 7.3 

Imran 2.1 7.6 2349 7.3 

Sher 2.1 7.6 813 7.3 

Ch. Yar 1.8 7.6 1613 7.2 

Muhammad Mumtaz 2.1 9.1 1031 7.5 

Ch. Shamsher 1.5 7.6 1083 7.4 

Nasrullah 2.1 6.7 1843 7.5 

Chohdry M. Aslam 2.1 6.7 958 7.3 

M. Yousaf, Munir, 
Nazir 

2.1 6.7 2060 7.2 

Muhammad Javed 2.1 7.6 1047 7.2 

Malak Sikandar 
Rehan 

3.0 6.7 747 7.4 

Minimum 1.5 6.7 747 7.2 

Maximum 3.0 9.1 2060 7.5 

Average 2.1 7.4 1387 7.3 

Moza Dohri Khizer Hayat 1.8 7.6 612 7.3 

Khizer s/o Raja 
Khan 

3.0 7.6 435 7.1 

Muhammad Ijaz 3.0 16.8 884 7.3 

M. Ashraf, M. Riaz 
(Ret Majer General) 

1.5 6.1 792 7.5 

Sarfaraz  1.5 6.1 2176 7.1 

Dost Muhammad 1.5 6.1 2016 7.3 

Ifthikhar Ahmed 2.1 6.1 769 7.1 

Ahmed Sher 1.8 6.1 612 7.3 

Ahmed Khan 3.0 7.6 435 7.1 

Muhammad Yar 3.0 7.6 435 7.1 

Ch. M. Ashraf 
Gondal 

2.4    

Minimum 1.5 6.1 435 7.1 
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Maximum 3.0 16.8 2176 7.5 

Average 2.2 7.8 917 7.2 

 Overall Minimum 1.5 6.1 242 7.1 

Overall Maximum 6.0 16.8 2176 7.8 

Overall Average 2.5 7.9 778 7.3 

Private tubewells in selected villages 

Depth of private tubewells 

About 35 private tubewells were selected in the Target Area to evaluate depth of private tubewells 

installed by the farmers for irrigation purpose (Figure 22). The depth of private tubewells in the 

selected five villages varied between 12.2 to 46 m. This showed that depth of private tubewells varied 

considerably in the selected villages. The shallow depth of pumping was mainly due to high 

watertable and the availability of thin layer of the fresh groundwater. The average depth of private 

tubewells in the Target Area was around 30 m. The shallow depth of private tubewells was a good 

indication of the thin layer of fresh groundwater. 

Shallow groundwater quality of private tubewells 

Ratho Kala: The total dissolved solids of private tubewells varied between 235 to 776 ppm with an 

average of 568 ppm. The pH of these tubewells varied between 7.1 to 7.9 with an average of 7.3. 

Therefore, the quality of water was good for the 11 tubewells selected in the village (Table 48). 

Chak #1 (Phularwan): The total dissolved solids of private tubewells varied between 443 to 876 ppm 

with an average of 600 ppm. The pH of these tubewells varied between 7.2 to 7.5 with an average of 

7.3. The quality of groundwater was good (Table 48). 

Thathi Noor: The total dissolved solids of private tubewells varied between 374 to 905 ppm with an 

average of 747 ppm. The pH of these tubewells varied between 7.2 to 7.4 with an average of 7.3. 

Thus the quality of groundwater was good (Table 48). 

Chak #6 ML: The total dissolved solids of private tubewells varied between 614 to 3040 ppm with an 

average of 2155 ppm. The pH varied between 7.2 to 7.9. Thus the quality of shallow groundwater 

was brackish. This was the only village out of five selected villages where quality of shallow 

groundwater was brackish (Table 48). 

Moza Dohri: The total dissolved solids of private tubewells varied between 155 to 1926 ppm with an 

average of 683 ppm. The pH of these tubewells varied between 7.1 to 7.6 with an average of 7.4. 

Thus the quality of shallow private tubewells was normally good (Table 48). 
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Figure 21. Shallow groundwater quality of handpumps in selected villages, Bhalwal. 

 

Figure 22. Location of private tubewells for shallow groundwater quality in selected villages, 

Bhalwal. 
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Table 48. Watertable depth, private tubewell’s depth and shallow groundwater quality in 

selected villages at the Mona Unit, Bhalwal, Sargodha, Pakistan. 

Village Farmers' Name Watertable 
Depth (m) 

Depth of 
tubewell (m) 

Water Quality 

TDS (ppm) pH 

Head 
Faqerian 

Muhammad Arif 2.1 37.0 592 7.4 

Ratho Kala Mohd. Iqbal 2.4 33.5 554 7.3 

M. Sultan Ahmed 3.1 30.5 772 7.2 

Mohd. Iqbal 3.1 30.5 374 7.9 

Mohd. Anar 
(Number Dar) 

3.1 30.5 507 7.3 

Sultan Ahmed 3.1 30.5 776 7.1 

Fathah Muhammad 2.1 33.5 563 7.5 

Mohd. Iqbal Alpha 2.5 15.2 235 7.4 

Fathah Muhammad 3.0 24.4 520 7.1 

Sarfaraz (DSP) 3.0 34.2 648 7.1 

Parwast 3.0 23.0 728 7.5 

Average 2.8 29.3 568 7.3 

Chak #1 
(Phularwan) 

Sher Muhammad 1.9 29.0 634 7.3 

Nazir Ahmed 1.9 30.5 448 7.2 

Mohd. Bakhsh 1.9 15.2 443 7.5 

Mohd. Amir 1.9 16.8 876 7.2 

Average 1.9 23.1 600 7.3 

Thathi Noor Mazhar 2.2 36.6 723 7.4 

Arshad Aziz 3.0 46.0 905 7.2 

Qadir Nawaz 3.0 46.0 899 7.2 

Arshad Aziz 3.0 46.0 836 7.2 

Abdul Wali 
(Hakeem) 

4.0 30.5 374 7.3 

Average 3.0 41.0 747 7.3 

Chak #6 ML Nusrullah 2.1 27.5 2253 7.3 

M. Ikramullah 2.1 30.5 3040 7.5 

M. Aslam 0.6 27.5 2790 7.2 

Ghulam Rasool 2.0 12.2 614 7.3 

M. Shamshad Khan 3.0 27.5 2003 7.9 

Rashid Khan 2.2 30.5 2227 7.4 

Average 2.0 26.0 2155 7.4 

Moza Dohri Ghulam Rasool 1.2 33.5 405 7.4 

Mohd. Nazir 2.0 36.6 1926 7.6 

Khizer Hayat 2.2 15.9 1421 7.4 

Manzoor 2.1 36.6 205 7.5 

Mohd. Bashir 1.9 30.5 155 7.6 

Mohd. Khan 2.1 24.4 438 7.3 

Dost Muhammad 3.2 33.5 303 7.3 

Salahuddin 2.4 24.4 566 7.2 

Mushtaq Ahmed 2.4 36.6 725 7.1 
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Average 2.2 30.2 683 7.4 

 Overall Minimum 0.6 12.2 155 7.1 

Overall Maximum 4.0 46.0 3040 7.9 

Overall Average 2.4 29.9 862 7.4 

Private tubewell depth and shallow groundwater quality 

The total dissolved solids of shallow groundwater from 35 private tubewells were used to have scatter 

plot as a function of tubewell depth. The quality of shallow groundwater was not related to private 

tubewell depth (Figure 23). The quality of groundwater varied even within same level of depth. Thus 

there was significant sspatial variability alongwith depth. Thus there was significant spatial variability 

alongwith depth. 

Prime mover and fuel consumption of diesel pumpsets 

In the five selected villages, all the pumping systems were based on diesel prime movers due to high 

and rising terrif of electricity. The size of diesel engine in selected tubewells varied from 12 to 20 hp. 

Four engine sizes of 12, 16, 18 and 20 hp were common in the Target Area (Table 49). 

The fuel consumption of 12 hp engines varied between 1.5 to 2.0 litres/hr with an average of 1.7 

litres/hr. The fuel consumption of 16 hp engines varied between 2.0 to 2.3 litres/hr with an average of 

2.1 litres/hr. The fuel consumption for 18 hp engines varied between 2.3 to 2.8 litres/hr with an 

average of 2.2 litres/hr. The fuel consumption for 20 hp varied between 2.8 to 3.0 litres/hr with an 

average of 2.8 litres/hr. Thus fuel consumption increased with the increase in size of the prime mover 

(Table 49). The unit fuel consumption was 0.13 to 0.14 litres/hr/hp for engine sizes of 12 to 20 hp. 

Thus, the unit rate of fuel consumption was almost same for all the engines (Table 49). The average 

fuel consumption was 1.7, 2.1, 2.4 and 2.8 litres/hr for 12,16,18 and 20 hp engines, respectively. The 

fuel consumption was quite high and there is a need to improve the fuel consumption efficiency of 

diesel engines for enhancing profitability of tubewell based agriculture (Table 49). 

Table 49. Prime mover and fuel consumption of diesel operated pumping systems in selected 

villages at the Mona Unit, Bhalwal, Sargodha, Pakistan. 

Village Type of Pumping 
Systems (%) 

Size of Prime 
Mover (hp) 

Fuel Consumption (litres/hr) 

Electric Diesel Min Max 12HP 16HP 18HP 20HP 

Head Faqerian 0 100 18 20   2.5 2.8 

Jalar Wariachan 0 100 18 18   2.8  
Ratho Kala 0 100 12 18 1.5 2.0 2.5  

Chak #1 (Phularwan) 0 100 12 20 1.5 2.0 2.3 2.8 

Thathi Noor 0 100 12 20 2.0 2.3 2.5 3 

Chak #6 ML 0 100 12 18 1.8 2.0 2.3  
Moza Dohri 0 100 16 20  2.0 2.3 2.8 

Minimum 0 100 12 18 1.5 2.0 2.3 2.8 
Maximum 0 100 18 20 2.0 2.3 2.8 3.0 
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Average 0 100 12 20 1.7 2.1 2.4 2.8 

Average Fuel Consumption (litres/hp) 0.14 0.13 0.13 0.14 

 

Figure 23. Shallow groundwater quality of private tubewells in selected villages, Bhalwal. 

Farmers’ awareness on research issues and interventions 

Participatory dialogues were arranged with farmers‘ groups in selected seven villages in the Target 

Area. Eleven questions were categorically presented to each group and their perceptions were 

documented. The research issues or topics raised with these groups are listed as under: 

 Presence of shallow freshwater layer 

 Thin layer of freshwater 

 Poor quality of deep groundwater 

 Intrusion of brackish water into freshwater zone 

 Knowledge of skimming well concept 

 Knowledge of dugwell concept 

 Acceptance of dugwell as skimming well 

 Problem of low discharge with skimming well 

 Efficient application of skimmed water with Furrow irrigation 

 Efficient application of skimmed water with Sprinkler irrigation 
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 Efficient application of skimmed water with Trickle irrigation  

Farmers‘ groups participated actively in the dialogues. Farmers were completely aware about the 

presence of thin layer of fresh groundwater and poor quality of groundwater underlain this layer. 

However, only 53% farmers‘ groups were aware about the intrusion of brackish groundwater to fresh 

groundwater zones (Table 50). Farmers were also aware about the skimming well facility including 

tubewells and dugwells as over 70% respondents were aware about the concept. 

Table 50. Farmers’ awareness regarding research issues and interventions in selected 

villages at the Mona Unit, Bhalwal, Sargodha, Pakistan. 

Village Farmers' Awareness of Issues and Interventions (%) 

1 2 3 4 5 6 7 8 9 10 11 

Head Faqerian 90 80 60 25 100 100 80 70 100 35 0 

J. Waraichan 100 100 80 60 100 100 60 75 100 0 0 

Ratho Kala 100 85 70 60 65 55 55 45 95 7 0 

Chak #1 (Phularwan) 100 100 100 40 50 40 40 10 80 30 0 

Thathi Noor 100 100 100 85 100 100 80 100 100 50 30 

Chak #6 ML 100 90 90 50 60 50 50 60 90 10 0 

Moza Dohri 98 90 70 50 60 60 60 50 100 12 0 

Percent respondents  98 92 81 53 76 72 61 59 95 21 4 

Farmers were also ready to use dugwell as an intervention to skim freshwater from very thin layers. 

They were also aware about the problem of low discharge associated with the skimming wells 

(dugwells and tubewells). Farmers‘ groups were very much aware on the use of furrow irrigation for 

efficient application of water when discharge is low but they were hardly aware about sprinkler 

irrigation (21%) and almost unaware about trickle irrigation (4%). In general, the awareness level of 

the target group was reasonably high as they were well informed about skimming well, bed-and-

furrow and sprinkler irrigation. The authors believed that media might have played a significant role in 

creating awareness in the Target Area. 

Farmers’ willingness for project interventions 

The farmers‘ groups‘ dialogues were arranged to document farmers‘ willingness for the acceptance of 

project interventions. Three specific interventions were considered covering skimming well, sprinkler 

irrigation and trickle irrigation systems. Around 86% farmers were willing to participate in project 

intervention of skimming wells. Farmers‘ willingness for participation in intervention of sprinkler 

irrigation was even higher than the skimming wells. This showed that farmers were aware about 

sprinkler irrigation systems and willing to participate in research activities (Table 51). Farmers‘ 

willingness for participation in intervention of trickle irrigation was lower as only 32% farmers‘ groups 

were willing to participate, which was due to reduced orchards in the Target Area because of rise in 

watertable and associated problem of soil salinization (Table 51). The variability was quite high in the 
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selected villages as percent willingness of respondents varied between 60 to 100% for skimming 

wells (Table 51). 

Table 51. Farmers' willingness for project interventions in selected villages at the Mona Unit, 

Bhalwal, Sargodha, Pakistan. 

Village Farmers' Name Willingness in Project Interventions 

Skimming 
wells 

Sprinkler 
System 

Trickle System 

Head 
Faqerian 

Ahmed Khan    

Faiz    

Mushtaq    

Muhammad Bakhsh    

Wasif Aziz    

Islamuddin, Nasiruddin    

Atha Muhammad    

Percent of Willing 
Respondents 

86 100 14 

Jalar 
Waraichan 

Amir Hussain    

Sabir Anwar    

Gulzar Ahmed     

Shahid Muzaffar    

Ch. Ifthikhar    

Akhthar Ali Hussain    

Percent of Willing 
Respondents 

100 67 67 

Ratho Kala Sulthan    

Ahmed Khan    

Khushi Muhammad    

Ghulam Muhammad    

Ghulam Nabi    

Lal Khan    

Allah Yar    

Muhammad Aslam    

Muhammad Nawaz    

Fatah Muhammad    

Percent of Willing 
Respondents 

100 100 20 

Chak #1 
(Phularwan) 

Sher Muhammad    

Allah Bakish    

Muhammad Aslam    

Percent of Willing 
Respondents 

67 100 0 

Thathi Noor Ahmed Yar    

Qadir Nawaz    

Zahoor Ahmed    

Skinder Hayiat    
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Muhammad Khan    

Mazahar Ahmed    

Muhammad Nawaz    

Safdar Nawaz    

Ahmed Sher    

Nazar Hayiat    

Percent of Willing 
Respondents 

60 100 50 

Chak #6 ML Faiz Ahmed    

Imran    

Sher    

Ch. Yar    

Muhammad Mumtaz    

Ch. Shamsher    

Nasrullah    

Chohdry M. Aslam    

M. Yousaf, Munir, Nazir    

Muhammad Javed    

Malak Sikandar Rehan    

Percent of Willing 
Respondents 

82 100 45 

Moza Dohri Khizer Hayat    

Khizer s/o Raja Khan    

Muhammad Ijaz    

M. Ashraf, M. Riaz    

Sarfaraz     

Dost Muhammad    

Ifthikhar Ahmed    

Ahmed Sher    

Ahmed Khan    

Muhammad Yar    

Ch. M. Ashraf Gondal    

Percent of Willing 
Respondents 

100 91 9 

Overall Percent of Willing Respondents 86 95 32 

DAS discussions and conclusions 

Farmers' awareness 

Farmers' awareness on research issues and interventions 

Eleven research issues were presented to farmers‘ groups in seven villages of the Target Area. 

These eleven issues can be grouped into following five major areas: 

 Thin layer of freshwater overlain by the brackish groundwater; 

 Intrusion of brackish groundwater into thin fresh layer; 
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 Concept of skimming well and problem of low discharge associated with this concept; 

 Acceptance of dugwell as a skimming well; and 

 Advantage of innovative and pressurized irrigation systems for application using smaller 

discharges. 

Farmers were aware reasonably well regarding all the first four areas. For innovative and pressurized 

irrigation systems, farmers were well aware about furrow irrigation and its benefits from that of basin 

irrigation. However, most of the farmers were not aware about sprinkler and trickle irrigation systems. 

Awareness about sprinkler irrigation (21%) system was relatively higher than trickle irrigation (4%). In 

general, farmers were aware about research issues as they had access to media (radio and 

television). The dialogues with farmers‘ groups indicated that project had addressed some of the real 

issues faced by the farming community. 

Farmers' willingness regarding interventions 

Project interventions were presented to farmers‘ groups to document their willingness regarding these 

interventions. These interventions include skimming wells, sprinkler irrigation and trickle irrigation. 

The overall percent of willing respondents was 86, 95 and 32 for skimming wells, sprinkler irrigation 

and trickle irrigation systems, respectively. The higher percent of willing respondents for skimming 

wells and sprinkler irrigation was mainly due to the issues faced by farmers in relation to secondary 

salinization and reduced productivity. The lower percent of willing respondents for trickle irrigation 

was mainly due to less awareness of the system and less area of orchard due to waterlogging. The 

watertable in the Target Area was high. In general, farmers were willing to participate in the project 

interventions as they already had long association with the Mona Project. The Mona Project was able 

to develop rapport with the farming community, therefore they are willing to collaborate in the project 

activities. Furthermore, project has addressed some of the real-issues faced by the farming 

community. 

Variation in shallow groundwater quality 

Probability of groundwater quality of handpumps 

The overall average of 56 handpumps in terms of total dissolved solids varied between 242 to 2176 

ppm with an average of 778. The pH of shallow groundwater varied between 7.1 to 7.8 with an 

average of 7.3. Therefore, the shallow groundwater was non-sodic, whereas salinity varied 

considerably in the Target Area. Probability analysis of total dissolved solids and pH was made for 

the selected 56 handpumps in the Target Area. There was a wide variability in groundwater quality 

(Table 52). The probability analysis indicated that there was only 10% chance that total dissolved 

solids were higher than 1083 ppm. Thus at 90% probability the total dissolved solids were less than 

marginal quality. There was 25% probability that the total dissolved solid were less than 435 ppm. 
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Therefore, the probability was very high for having good quality of shallow thin layer of groundwater 

(Figure 24). 

 

Figure 24. Variability of shallow groundwater of handpumps in selected villages, Bhalwal. 

The probability analysis of pH indicated that there was hardly 10% chance of having pH of more than 

7.5. Therefore, there was hardly any chance of having sodic water in the shallow depths (Table 52). 

Table 52. Variability of shallow groundwater quality of handpumps in selected villages at 

Mona Unit, Bhalwal, Sargodha, Pakistan. 

Probability (%) TDS (ppm) pH 

Minimum 242 7.1 

5 262 7.1 

10 323 7.1 

25 435 7.2 

50 656 7.3 

75 881 7.4 

80 957 7.5 

90 1083 7.5 

95 2016 7.6 

Maximum 2349 7.8 
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Probability of groundwater quality of private tubewells 

The total dissolved solids of private tubewells varied between 155 to 3040 ppm with an overall 

average of 862. Except one village (Chak #6 ML) the quality of private tubewells in terms of salinity 

was very good. The pH of these tubewells varied between 7.1 to 7.9 with overall average of 7.4 for 

the selected 35 tubewells (Table 53). The probability analysis of total dissolved solids and pH was 

conducted for the 35 selected private tubewells. The probability analysis was required to have 

assessment of variability in quality of groundwater (Table 53). There was 80% probability that the 

total dissolved solids were less than 905 ppm. Thus there was hardly 20% chance of having marginal 

to brackish quality groundwater (Figure 25). In addition, there was 90% probability that pH was less 

than 7.5. This showed that there was 80% chance of having non-saline and non-sodic water. 

Table 53. Variability of shallow groundwater quality of private tubewells in selected villages at 

Mona Unit, Bhalwal, Sargodha, Pakistan. 

Probability (%) TDS (ppm) pH 

Minimum 155 7.1 

5 205 7.1 

10 303 7.1 

25 443 7.2 

50 634 7.3 

75 879 7.4 

80 905 7.5 

90 2227 7.5 

95 2233 7.6 

Maximum 3040 7.9 
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Figure 25. Variability of shallow groundwater of private tubewells in selected villages, Bhalwal. 

Suitability of potential locations for project interventions 

Handpumps 

The average total dissolved solids of shallow groundwater of handpumps in five selected villages 

were 426, 773, 690, 661 and 415 ppm for Head Faqerian, Jalar Waraichan, Ratho Kala, Chak #1 

(Phularwan) and Thathi Noor villages, respectively. All the selected handpumps in these villages were 

having total dissolved solids of less than 1000 ppm. The pH of shallow groundwater varied between 

7.1 to 7.8. Therefore, these villages are suitable for the installation of skimming wells, especially the 

dugwells. The quality of deep groundwater in these villages as per SCARP tubewells was marginal to 

brackish. The low level of total dissolved solids and low pH confirmed that thin layer of freshwater 

was non-saline and non-sodic. Thus if this fresh layer is pumped without disturbing the brackish layer 

underlain by the freshwater, root zone salinity can be sustained on longer term basis. 

Private tubewells 

The average total dissolved solids of shallow groundwater of private tubewells in four selected 

villages were 568, 600, 747 and 683 ppm for Ratho Kala, Chak #1 (Phularwan), Thathi Noor and 

Moza Dohri, respectively (Table 53). All the selected farmers‘ tubewells in these villages were having 

total dissolved solids of less than 1000 ppm and only two tubewells of Moza Dohri were having total 

dissolved solids of more than 1000 ppm. There was 80% probability of having less than 1000 ppm of 
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total dissolved solids and pH of around 7.5 or less. Thus there were 80% chances of having good 

quality groundwater if tubewells are placed in less than 50 m depth. In the saline water zone, the 

quality was brackish even in very thin layers of upto 30 m. 

Thus if the fresh layer of groundwater is pumped without disturbing the brackish layer underlain by 

the freshwater, rootzone salinity can be sustained on longer term basis. This concept is new and 

emerging and most of the scientists have difficulty in visualizing the concept, which is almost reverse 

of the traditional approaches, where we are treating the effect rather than the cause. The real cause 

of secondary salinization is the use of poor quality groundwater. Actually the concepts of land 

reclamation, soil management and saline agriculture address the effect. Thus there is a need to have 

awareness among different stakeholders.  

Project interventions 

The following interventions were identified based on the priority issues and interventions as stated by 

the farmers' groups and the project objectives: 

 Installation of dugwells one each in very thin, thin and medium thickness zones of fresh 

groundwater; 

 Installation of tubewells in medium thickness zone of fresh groundwater; 

 Installation of raingun sprinklers systems for crops, vegetables and orchards; 

 Installation of trickle irrigation system for young orchards; and  

 Furrow irrigation on permanent furrow-bed system.  

DAS recommendations 

The DAS results provided sufficient information for the selection of potential locations for the project 

interventions related to skimming wells and innovative irrigation systems. However, there is a need to 

conduct detailed survey and design for selected farms to implement the interventions: 

 Final selection of farmers (for dugwells and tubewells) in the villages selected under the DAS. 

 Detailed engineering surveys to design and layout the skimming wells and pressurized 

irrigation systems interventions. 

 The results of GIS, PRA and DAS will be presented in the workshop to a wider group of 

scientists/engineers/farmers to finalize the methodology. 
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Annex. I. CHECKLIST FOR PARTICIPATORY RURAL APPRAISAL FOR TARGET AREA OF 

THE ROOTZONE SALINITY PROJECT 

Location and Name of Village:  

1. Household System  

• Family Size (number)  

Minimum  

Maximum  

Average  

• Landholding (land area in acres)  

Minimum  

Maximum  

Average  

• Livestock (number)  

Minimum  

Maximum  

Average  

• Small Ruminants  

Minimum  

Maximum  

Average  

• Livelihood Sources (Rs./Year)  

Crops  

Livestock  

Off-farm income  

• Education (%)  

Literate  

Informal  

Under matric  

Intermediate  

Graduate  

• Decision Making  

Joint decisions  

Effect of notable's  

Effect of elder's  

Women involvement  

2. Resource Availability  

• Number of households  

• Number of land owners  

• Number of tenants  

• Land tenure system  

• Tenancy rules  

  

  

• Salt-affected lands per household (area in acres)  

Minimum  

Maximum  

Average  

• Cultivated land per household (area in acres)  

Minimum  

Maximum  
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Average  

• No. of tubewells in the survey area  

• Type of wells (Tubewells/deep tubewells/dugwells)  

• Depth of wells (feet)  

Minimum  

Maximum  

Average  

• Quality of Groundwater  

Very shallow (<25 ft) Saline/saline-sodic/sodic/fresh 

Shallow (25-50 ft) Saline/saline-sodic/sodic/fresh 

Moderate deep (50-100 ft) Saline/saline-sodic/sodic/fresh 

deep (>100 ft) Saline/saline-sodic/sodic/fresh 

• Depth of groundwater table in the area (ft)  

Minimum  

Maximum  

Average  

3. Agricultural Productivity  

• Crops Grown  

Kharif  

Rabi  

• Cropping Patterns  

• Cropping Intensity per farmer (%)  

Minimum  

Maximum  

Average  

• Crop yields per farmer (Maunds/acre)  

Minimum  

Maximum  

Average  

• Livestock-milk (seers/day)  

Buffalo  

Cow  

Goat  

Sheep  

• Price of per animal (in Rs.)  

Buffalo  

Cow  

Goat  

Sheep  

Bull   

Camel  

Donkey  

Fisheries (Average yield/year)  

Fisheries (Average price/year)  

Any other  

4. Resource Use  

• Water availability (percent of farmers)  

Canal water only  

Canal + tubewell water  

Tubewell water only  

• Present use of waterlogged area  

• Present use of salt-affect area  
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5. Resource Degradation  

• Historical trends (area in acres or number of farms) 

Parameters 1950s 1960s 1970s 1980s 1990s 

Rise of groundwater table      

Waterlogged area      

Salt affected area      

Secondary salinization      

Secondary sodification      

Deterioration of groundwater      

6. Constraints and Problems Faced by Farmers and Ranking of Problems 

 

7. Farmers' Perception Regarding Solutions and Interventions 

 

8. Do the farmers realise that their cropping intensities and productivity are low? Indicate percent of farmers. 

 

9. Are the farmers willing to use groundwater to increase their cropping intensities and productivity? Indicate 

percent of farmers. 

 

 

10. Farmers' urge to pump fresh groundwater to maintain soil health on long-term basis. Indicate percent of 

farmers. 

 

11. Are the farmers willing to participate in the project activities? Indicate percent of farmers. 

 

12. Is the fresh groundwater layer underlain by marginal to brackish groundwater layer? What are farmers' 

perceptions? Also indicate percent of farmers having a particular perception. 

 

 

 

 

 

Annex. II. QUESTIONAIR FOR DIAGONOSTIC ANALYSIS STUDY FOR TARGET AREA OF 

THE ROOTZONE SALINITY PROJECT 

Farmer Number:  

• Date of interview:  

• Location:  

• Soil type:  

• Total landholding:  

• Cultivated area:  

• Salt-affected area:  

• Date of interview:  

• Land having water scarcity problem:  

• Crops:  

Rabi season:  

Kharif season:  

• Crop yields:  

Crop type:    

(Maunds/acre):    

• Cropping intensity:  
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Rabi season:  

Kharif season:  

• Irrigation water source:  

• Depth of watertable:  

• Water quality depthwise:  

• Farmers’ awareness about pressurized irrigation 

systems: 

 

• Farmers’ number of tubewells:  

• Depth:  

• Tubewell type:  

• Number of strainers:  

• Strainer size (diameter):  

• If multi-strainer, then reason:  

• Availability of:  

Dugwell:  

Orchard:  

• Farmers’ willingness for cooperation:  

• Water quality:  

Well type  

Depth of well  

EC  

pH  

• Selected for:  

Sprinkler systems  

Trickle system  

 

Annex. III. CHECKLIST FOR DIAGONOSTIC ANALYSIS STUDY FOR TARGET AREA OF THE 

ROOTZONE SALINITY PROJECT 

Location and Name of Village:  

1. Household System  

• Family Size (number)  

Minimum  

Maximum  

Average  

• Landholding (land area in acres)  

Minimum  

Maximum  

Average  

• Livestock (number)  

Large Ruminants  

Minimum  

Maximum  

Average  

Small Ruminants  

Minimum  

Maximum  

Average  

• Livelihood Sources (Rs./Year)  

Crops  

Livestock  

Off-farm income  
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• Education (%)  

Literate  

Informal  

Under matric  

Intermediate  

Graduate  

• Decision Making  

Joint decisions  

Effect of notable's  

Effect of elder's  

Women involvement  

2. Resource Availability  

• Number of households  

• Number of land owners  

• Number of tenants  

• Land tenure system  

• Tenancy rules  

  

  

  

• Salt-affected lands per household (area in acres)  

Minimum  

Maximum  

Average  

• Cultivated land per household (area in acres)  

Minimum  

Maximum  

Average  

• No. of tubewells in the survey area  

• Type of wells (Tubewells/deep tubewells/dugwells)  

• Depth of wells (feet)  

Minimum  

Maximum  

Average  

• Quality of Groundwater  

Very shallow (<25 ft) Saline/saline-sodic/sodic/fresh 

Shallow (25-50 ft) Saline/saline-sodic/sodic/fresh 

Moderate deep (50-100 ft) Saline/saline-sodic/sodic/fresh 

deep (>100 ft) Saline/saline-sodic/sodic/fresh 

• Depth of groundwater table in the area (ft)  

Minimum  

Maximum  

Average  

3. Agricultural Productivity  

• Crops Grown  

Kharif  

Rabi  

• Cropping Patterns  

• Cropping Intensity per farmer (%)  

Minimum  

Maximum  

Average  
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• Crop yields per farmer (Maunds/acre)  

Minimum  

Maximum  

Average  

• Livestock-milk (seers/day)  

Buffalo  

Cow  

Goat  

Sheep  

• Price of per animal (in Rs.)  

Buffalo  

Cow  

Goat  

Sheep  

Bull   

Camel  

Donkey  

Fisheries (Average yield/year)  

Fisheries (Average price/year)  

Any other  

4. Resource Use  

• Water availability (percent of farmers)  

Canal water only  

Canal + tubewell water  

Tubewell water only  

• Present use of waterlogged area  

• Present use of salt-affect area  

5. Resource Degradation  

• Historical trends (area in acres or number of farms) 

Parameters 1950s 1960s 1970s 1980s 1990s 

Rise of groundwater table      

Waterlogged area      

Salt affected area      

Secondary salinization      

Secondary sodification      

Deterioration of groundwater      

6. Constraints and Problems Faced by Farmers and Ranking of Problems 

 

7. Farmers' Perception Regarding Solutions and Interventions 

 

8. Do the farmers realise that their cropping intensities and productivity are low? Indicate percent of farmers. 

 

9. Are the farmers willing to use groundwater to increase their cropping intensities and productivity? Indicate 

percent of farmers. 

 

 

10. Farmers' urge to pump fresh groundwater to maintain soil health on long-term basis. Indicate percent of 

farmers. 

 

11. Are the farmers willing to participate in the project activities? Indicate percent of farmers. 
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12. Is the fresh groundwater layer underlain by marginal to brackish groundwater layer? What are farmers' 

perceptions? Also indicate percent of farmers having a particular perception. 
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OPTIONS FOR SKIMMING FRESH GROUNDWATER 

LENSES: A REVIEW 

With the increase in population, the demand for freshwater within the Indus Basin of Pakistan has 

increased enormously over the past three decades. Different skimming well techniques are being 

adopted for extracting freshwater from the inland aquifers in the Indus Basin of Pakistan. The aim of 

this paper was to review and identify feasible technology packages for extracting freshwater in the 

Indus Basin of Pakistan. This paper did not only investigate the usefulness of the conventional 

skimming wells (single-strainer/multi-strainers), but also concentrated on the non-conventional 

skimming wells such as indigenous (dugwells) and modern (radial wells and scavenger wells) 

technologies for extracting freshwater from a shallow free surface aquifer. 

INTRODUCTION 

The hydro-geologic formation in the Indus Basin of Pakistan is of marine origin. The native 

groundwater is deep and salty. This native saltywater is overlain by freshwater resulted from deep 

percolation of irrigation and rainfall. The salty groundwater tends to remain separated from the 

overlying fresh groundwater. However, a zone of dispersion, known as the fresh and salty water 

interface forms between the two fluids. This interface has been found to vary in thickness. This 

interface is not static but responsive to recharge and discharge mechanisms. 

Thus, fresh groundwater lenses occur between the pre-irrigation and the present-day watertables. 

The thickness of the fresh groundwater lens is around 30 meters in the lower or central parts of 

doabs, 60 meters or more along the margins of doabs, and approximately 150 meters near the rivers 

and canals. It has been estimated that nearly 200 billion cubic meter (bm
3
) of freshwater has 

accumulated in the form of a thin layer over native saltywater, and over 20 bm
3
 of freshwater is being 

recharged annually (NESPAK, 1983). According to Bennett (1990), more than 30% of the irrigated 

areas of the country has good potential for exploiting fresh groundwater resources provided proper 

technology and management packages can be adopted for such extractions. 

Already, several skimming well techniques are being adopted for extracting freshwater from the 

inland aquifers in the Indus Basin of Pakistan. Therefore, this paper intended to review and identify 

feasible technology packages for extracting freshwater in the Indus Basin of Pakistan. In the short 

water supply environment of Pakistan, such extractions would become a significant part of 

supplemental irrigation. However, proper identification of feasible skimming well techniques can only 

be made, if the quantitative analysis of groundwater flow and solute transport mechanisms is 

adequately carried out. Therefore, before presenting the review of different skimming well techniques 

adopted in the Indus Basin of Pakistan, our understandings regarding quantitative analysis of 

groundwater systems is presented. 
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QUANTITATIVE ANALYSIS OF GROUNDWATER SYSTEMS 

Understandings regarding the quantitative analysis of groundwater flow and transport mechanisms 

have progressed steadily since the late 19
th
 century. Reilly and Goodman (1985) have presented a 

historical perspective of quantitative analysis of freshwater and saltywater relationships in 

groundwater systems. 

Physics of groundwater flow and transport mechanisms 

The combined results of theoretical developments, and field and laboratory investigations have 

brought to light many of the relationships and factors that determine the interaction of the freshwater 

and saltywater in the groundwater system. Various analytical, electric analog models have allowed 

theories (or approaches) to be revised, thereby, improving the understandings of the physical 

processes involved. However, major advances in understanding fresh and salty groundwater systems 

have occurred through numerical modeling. 

The partial differential equation describing three-dimensional movement of groundwater through 

porous material can be written as under: 
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where Kx, Ky, Kz are values of hydraulic conductivity along x, y, and z coordinate axes. W is the 

volumetric flux per unit volume of the aquifer and represents sources and/or sinks of water. Ss is the 

specific storage of the porous material, h is the piezometric head, and t is the time. 

The partial differential equation describing three-dimensional transport of dissolved solutes in the 

groundwater can be written as follows: 
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where xi and Di are the distance and hydrodynamic dispersion coefficient along the respective 

Cartesian coordinate axis, respectively, C is the concentration of dissolved solute in the groundwater, 

vi is the seepage or linear pore water velocity, qs is the volumetric flux of water per unit volume of 

aquifer representing source (positive) and sinks (negative), Cs is the concentration of the source or 

sink,  is the porosity of the porous medium, and t is the time. 

Approaches for quantitative analysis of groundwater systems 

Different approaches have been adopted while conducting the quantitative analysis (analytical or 

numerical) of the groundwater flow and solute transport mechanisms. Literature showed that this 

quantitative analysis was first conducted by using single-fluid approach. Later on, this approach was 
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replaced with sharp interface approach, and the transition zone approach, depending upon hydro-

geological conditions. 

Single-Fluid Approach 

In the late 19
th
 century, Ghyben-Herzberg formula formed the beginning of quantitative analysis of the 

groundwater flow and transport mechanisms under the fresh and salty groundwater aquifer. This 

formula was based on the single-fluid approach, and related the elevation of the watertable in an 

unconfined aquifer to the elevation of the interface in a coastal aquifer. This formula contains a 

severe oversimplification due to Dupuit-Ferchhoimer assumption, which implies that there is no 

vertical head gradient. Thus, this assumption considered that the hydraulic head at the watertable is 

the same as the hydraulic head of the freshwater at the interface. 

The most obvious erroneous result of Dupuit-Ferchhoimer assumption is that the thickness of the 

freshwater zone is taken as zero at the shore. But, the freshwater always has some finite thickness at 

the shore, as it discharges form the system to the sea. However, in spite of this oversimplification, 

Ghyben-Herzberg formula was developed on a reasonable theoretical basis. But, it was frequently 

misused because of lack of understanding of vertical head gradients in the aquifer. However, this 

relationship is still used for comparing the results of numerical approximations analyzing certain 

physical problems (Rivera et al., 1990). 

Sharp Interface Approach 

After Ghyben-Herzberg contribution, Muskat (1937) described the dynamics of interface based on the 

sharp interface approach, and related the hydraulic heads of the interface to the position of the 

interface. Under this approach, the interface was treated as a boundary surface that couples two 

separate groundwater systems, and the continuity of pressure in the groundwater flow systems 

across the interface was considered. Thus, the importance of understanding the entire flow system 

was brought to light, and the inappropriate application of the Ghyben-Herzberg formula using 

watertable measurements alone, was ended. 

With the sharp interface approach as a foundation, several basic quantitative relationships are 

developed (Henry, 1959; and Bear, 1970). However, many of these relationships are still used for 

comparing the results of numerical approximations analyzing certain physical problems (Houbold, 

1975; Kashef, 1975; Reilly and Goodman, 1987; Ledoux et al., 1990; McElwee and Kemblowski, 

1990; and Holm and Langtangen, 1999). 

Transition Zone Approach 

In applying the theory of two-fluid immiscible flow, field investigators quickly learned that not all the 

natural groundwater systems behave as expected. In several natural groundwater systems, a zone of 

transition instead of the sharp interface was found between the freshwater and the saltywater zones. 
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The qualitative and the quantitative explanation of the existence of transition zones in such 

groundwater systems was given by Cooper (1959), and by Henry (1964), respectively. 

Thus, Cooper and Henry set basis for another approach, which is known as transition zone approach. 

Bear and Dagan (1964) investigated the transient movement of the interface by employing the 

transition zone approach for the first time. Later on, this approach was adopted in many other studies 

for quantitatively analyzing the groundwater flow and solute transport mechanisms (Pinder and 

Cooper, 1970; Kashef, and Smith, 1975; Huyakorn and Talyor, 1976; Frind, 1982; Volker and 

Rushton, 1982; Voss, 1984; Reilly and Goodman, 1987; McElwee and Kemblowski, 1990; Zheng, 

1990; and Chiang and Kinzelbach, 1996). 

SKIMMING WELL TECHNIQUES 

Conventional skimming wells 

The extraction of groundwater with a partially penetrating well disturbs natural equilibrium between 

the freshwater and the saltywater. Resultantly, native deep saltywater moves upward beneath the 

well. This upward movement of saltywater is known as ―saltywater upconing‖ (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1. Salty groundwater upconing as a consequence of pumping. 

However, if the pumping rate is less than a certain critical level (usually known as critical discharge 

rate that is a function of local hydro-geological conditions), the cone will eventually stabilize with the 

apex of the cone some distance below the well. Once the stable interface position is attained, 

freshwater will flow towards the well screen along and above the interface and no flow will occur in 

the salty groundwater zone. The well essentially pumps the freshwater only (Figure 2). 

But, if the well discharge is increased from the critical discharge rate, then the interface will be 
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pumped water will deteriorate (Figure 3). Therefore, when it is desired to extract freshwater, the well 

should be designed, installed and operated in such a way that minimum saltywater mixing with 

overlying freshwater is occurred either within the well or within the aquifer as a consequence of 

saltywater upconing. 

Many researchers have indicated that the rate of saltywater upconing at the interface can be 

controlled with skimming wells. Various analytical, electric analog and numerical modeling studies 

have analyzed the behaviour of the fresh and salty groundwater aquifer during pumping with 

conventional skimming wells. 

 

 

 

 

 

 

 

 

Figure 2. Stabilization of salty groundwater cone. 

 

 

 

 

 

 

 

 

 

Figure 3. Deterioration of pumped water quality resulting from the salty groundwater upconing. 
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Analytical modeling studies 

Analytical modeling studies helped in understanding simple flow and transport behaviors during 

pumping from the inland aquifer having freshwater lens overlying saltywater layer (Muskat and 

Wyckoff, 1935; Wang, 1965; Sahni, 1972; Haubold, 1975; and Wagner and Kent, 1985). Still, 

analytical solutions remain as powerful means as ever before for analyzing certain problems. For 

instance, Motz (1992) developed analytical model for describing typical saltywater unconing problems 

in an aquifer overlain by a leaky confining bed. 

To increase the potential of a single-strainer skimming well for increasing freshwater discharge, the 

well radius is a choice variable (Wang, 1965). However, maximum freshwater discharge increases as 

the difference between fresh and salty groundwater densities increases (McWhorter, 1972). 

Furthermore, for a given set of aquifer constants (aquifer permeability, densities of fresh and salty 

groundwaters, aquifer thickness, and well radius), there is a sharp upper limit to the amount of water 

(i.e., the critical discharge rate) that can be pumped without pumping saltywater (Sahni, 1972). 

Kemper et al., (1976) conducted field studies at the Mona Reclamation Experimental Project, 

Bhalwal, Pakistan, on investigating the saltywater upconing phenomenon as a consequence of 

pumping with skimming wells from a shallow free surface aquifer. 

The maximum freshwater discharge with the single-strainer skimming well is also a sensitive function 

of well penetration ratio for any given thickness of the fresh groundwater lens. There is a rapid fall in 

freshwater discharge above and below the optimal well penetration ratio. Researchers have 

recommended different well penetration ratios. For instance, Wang (1965) had shown that maximum 

freshwater discharge was obtained at a well penetration ratio of 30 to 40%, and McWhorter (1980) 

recommended limiting safe well penetration ratio to 30%. 

Electric Analog Modeling Studies 

Bennett et al., (1968) and Sahni (1973) have shown that the maximum steady-state freshwater 

discharge can be obtained at shallower well penetration ratios than that predicted by the analytical 

models previously available. The well penetration ratios suggested by Bennett et al., (1968) and 

Sahni (1973) were 15% and 10 to 20%, respectively. However, the use of steady-state groundwater 

flow and transport equations may not be helpful while deciding the well penetration ratio. Because, 

Zuberi and McWhorter (1973) have shown that unsteady-state freshwater discharges were 27, 43, 

and 47% less than that obtained in the steady-state experiments of Sahni (1973) and Wang (1965), 

respectively. It means that the results obtained by using unsteady-state equation are conservative, 

and can be used with confidence while deciding well penetration ratio. Therefore, Zuberi and 

McWhorter (1973) used unsteady-state groundwater flow and transport equations, and 10 to 20% 

well penetration ratios were decided for designing skimming wells in the Indus Basin of Pakistan. 
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From practical point of view, Sufi (1987) have found that the maximum freshwater discharge for the 

given aquifer conditions and well geometry, can be obtained at closer well spacing than that predicted 

by the analytical models previously available. It is, therefore, possible to get more freshwater 

discharge from the conventional skimming well when a battery of large number of wells is used. 

However, a quantitative inference to this effect could not be drawn from these electric analog studies. 

But, when a group of wells are operated with the help of a single suction pump, their closer spacing 

would be more economical even from the installation point of view (McWhorter, 1980). 

Sufi et al., (1998) investigated the effect of single-strainer and multi-strainers skimming wells on the 

production of freshwater discharges. It was shown that two-strainers well pumps better quality water 

from the thin fresh groundwater lenses as compared to single-strainer skimming well. The 

improvement in efficiency of multi-strainers skimming well with 3 and 4 well points as compared to 2 

well points was not significant. This conclusion is supported by the Mona Reclamation Experimental 

Project (MREP) study (Hafees et al., 1986) that a multi-strainers skimming well with a minimum 

number of strainers provided good quality water and was easy in operation. 

The electric analog studies conducted by Sufi (1999) have reported that the existence of impervious 

layer immediately below the conventional skimming well screen helped significantly in reducing 

saltywater upconing at the interface under the conventional skimming wells. This conclusion may help 

in designing such wells for irrigation, domestic and drainage purposes in the Fordwah Eastern 

Sadiqia (South) (FESS) Irrigation and Drainage Project area (Skogerboe et al., 1999). The FESS 

area is underlain by an impervious layer that ranges in depth from roughly 3-11 meters, with an 

average of about 6 meter depth. The water above this layer is of reasonably good quality, while the 

underlying layer is fairly saline. Thus, conventional skimming wells would be ideal for capturing this 

better quality groundwater in the FESS area. However, proper site-specific field investigations 

regarding the existence of impervious layer are required before designing conventional skimming 

wells for the FESS area. 

Numerical Modeling Studies 

Major advances in understanding the behaviour of groundwater flow and solute transport during 

pumping with conventional skimming wells have occurred through numerical modeling studies. These 

studies were conducted by using sharp interface (Chandler and McWhorter, 1975; Wirojanagud and 

Charbeneau, 1985; Reilly and Goodman, 1985; and Haitjema, 1991), and transition zone (Hsieh, 

1977; Chandio and Larock, 1983 and 1984; Reilly et al., 1987; and Chandio and Chandio, 1992) 

approaches. 

The factors affecting successful operation of conventional skimming wells in the Indus basin include 

degree of well penetration, the thickness of fresh groundwater lens, thickness and quality of the water 

withdrawal zone, and the location of the transient watertable boundary, etc., (Hafees et al., 1986; 

Boehmer and Muhlenbruch, 1988; and Sufi, 1999). Moreover, hydrodynamic-dispersion phenomenon 
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significantly affects the flow towards such wells (Mirbahar, et al., 1997; Sufi et al., 1998; and 

Kaleemullah, 1999). Any model that is based on the sharp interface approach can not correctly 

include all these factors. Thus, only a transition zone approach model will evaluate carefully the 

effects of various geometric parameters and operating strategies on conventional skimming well 

performance. Therefore, the PMWIN (Chiang and Kinzelbach, 1996), which is a complete simulation 

system for modeling groundwater flow and solute transport processes, can be used to develop 

guidelines for design and operational management strategies of conventional skimming wells in the 

Indus Basin of Pakistan. The PMWIN uses MODFLOW (McDonald and Harbough, 1988), and MT3D 

(Zheng, 1990) for simulating groundwater flow and solute transport, respectively. 

Summary and Comments 

 The critical discharge rate is not appropriate criteria in using conventional skimming wells to 

pump freshwater. Sometimes, it may be more economical and practical to pump at lower 

rates. It may also be desirable to pump groundwater at higher rates as long as the quality of 

the water pumped is within the tolerable limits (depending upon its intended use). Hence, 

while making a decision regarding the design and the operational management strategies of 

conventional skimming wells, various factors such as water quality in the aquifer, the 

tolerable limits of pumped water quality, amount of recharge available to the area, and 

economics of the operation must also be taken into account. 

 The well penetration ratios suggested by Bennett et al., (1968) and Sahni (1973) were 15% 

and 10 to 20%, respectively, for getting maximum freshwater discharge with the conventional 

skimming well. However, the freshwater discharge rates obtained from the conventional 

skimming wells with such well penetration ratios would be too low (6-9 lps) to apply efficiently 

on surface irrigated croplands, and thus are not economical. McWhorter (1980), and 

MacDonald and Partners (1984) observed that economical freshwater discharge could be 

achieved with deeper well penetration ratios (30% and 45%, respectively). 

 Zuberi and McWhorter (1973), Hafees et al., (1986) and Sufi (1999) showed that several 

closely spaced wells can be pumped at a higher total discharge than a single isolated well, 

even though the individual wells in the battery are discharging at less than capacity. This 

results from the fact that distributed pumping produces a smaller maximum drawdown than 

does a single well pumping at the same rate. The discharge obtained by pumping from 

closely spaced wells (i.e., 3-4 m apart) having two strainers is approximately 30-60% greater 

than a single isolated well. It was also observed that the pumped water quantity was not 

increased significantly with multi-strainers skimming well with 3 and 4 well points as 

compared to 2 well points. However, the effect of multi-strainers skimming wells on the 

interface behaviour under different design and operational management strategies, is yet to 

be investigated. 
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Dugwells 

The extraction of freshwater from an aquifer is desired at minimal cost. Furthermore, such extractions 

should not exhaust or ruin this groundwater resource for future use. Similarly, local customs and 

traditions for extracting groundwater should be given full consideration. In this context, dugwell may 

provide a simple, cost-effective, and traditionally familiar option as compared to other potential 

options for skimming freshwater from fresh and salty groundwater aquifer (Zuberi and McWhorter, 

1973). However, in the irrigated agricultural sector of the Indus Basin of Pakistan, their proportion in 

providing irrigation water for fulfilling/supplementing the crop water requirements is very less. The 

main reason for having such a minimal role in the irrigated agricultural sector is that the quantity of 

groundwater available for extraction from these dugwells are too low to efficiently apply on surface 

irrigated croplands. 

Depending upon the well diameter, there are two kinds of dugwells found in various parts of the 

world, i.e., small dugwells and large dugwells. A large dugwell can be defined as one, which has a 

diameter large enough for workers to enter for construction and/or maintenance. A small dugwell, on 

the other hand, is one, which has a diameter too small to enter, and is constructed from the ground 

surface using special tools. Generally, a large dugwell has a depth of 6.5-9 m, a diameter of 1.5-3 m 

and can serve for 15-20 years (Figure 4). This kind of wells is still being used in many parts of 

Pakistan for fulfilling the domestic fresh water demands. The introduction of conventional skimming 

wells in Pakistan is actually providing an opportunity to explore the benefits of small dugwells. 

However, in the context of this paper, large dugwells are considered as ―dugwells‖. 

 

 

 

 

 

 

 

 

Figure 4. Schematic presentation of the dugwell. 

Field Studies 

Indigenous technology for extracting freshwater from shallow free surface (unconfined) aquifer for 

domestic and irrigation purposes includes dugwells with water lifting devices. The well penetration 

ratio and diameter are the main design parameters that influence the performance of dugwell. 
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However, Koegel (1977) described that the rate of pumping is much less responsive to changes in 

well diameter as compared to the changes in well penetration ratio. It means that in a given aquifer, 

the well wetted perimeter has less contribution in increasing the yield of a dugwell as compared to the 

hydraulic gradient that exists between the water surface in the well and in the surrounding 

groundwater. Thus, the well diameter can be considered as a choice variable while designing a 

dugwell, as higher discharge rate is feasible from the dugwell by only increasing the well penetration 

ratio. 

The dug-cum-bore-well system adopted in India has utilized this option to modify traditional dugwell 

system (Nagaraj et al., 1999). In the early 1970s, farmers were drilling one or more tubewell-bores 

inside their dugwells to modify them for getting higher discharges (20-24 lps). Generally, these bores 

had a depth ranging form 13.5-30.5 m, and centrifugal pump was major mode of extraction. However, 

this kind of modification reduced the life of the well from 15-20 years to only 5-7 years (Nagaraj, 

1994). Furthermore, this kind of modified dugwells may have serious constraints in fresh and salty 

groundwater aquifer because of saltywater upconing. 

Summery and Comments 

 In the irrigated agricultural sector of the Indus Basin of Pakistan, dugwells play minimal role in 

providing irrigation water for fulfilling/supplementing the crop water requirements, because 

the quantity of groundwater available for extraction from these dugwells are too low to 

efficiently apply on surface irrigated croplands. However, the hydraulic evaluation of dugwells 

can help in designing a pump set that may be operated on continuous basis in order to 

fulfill/supplement the crop water requirements. 

 The behaviour of saltywater upconing under the dugwell operation is yet to be investigated. 

These investigations would help in defining the usefulness of the dugwell for extracting 

freshwater from a shallow free surface (unconfined) aquifer having fresh and salty 

groundwater systems. 

Radial wells 

The radial well has horizontal well screen(s), called radial collector(s), which facilitates skimming of 

very thin fresh groundwater lens under gravity (Figure 5). 
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Figure 5. Schematic diagram of the radial well. 

However, this kind of skimming wells are expensive and difficult to construct, but provide large 

discharges per unit of drawdown, a desirable feature of skimming wells (Bennett, 1990). Radial wells 

can have deep as well as shallow penetration depths. Deep radial wells have already been practiced 

to extract portable groundwater for municipal water supply schemes, where economics is not that 

important as its needs (Sufi et al., 1998). Shallow radial wells are also expensive to construct but can 

be installed manually and mechanically. In the context of this paper, shallow radial wells are 

considered as ―radial wells‖. 

The installation cost limits the number and length of the radial collectors around the sump. However, 

the arrangement of radial collectors depends mainly upon the hydraulic conductivity of the aquifer. If 

the hydraulic conductivity of the aquifer is sufficiently higher, the radial collectors can skim adequate 

quantity of freshwater even if these collectors are connected directly to the sump (Figure 6a). 

However, the arrangement of radial collectors similar to Figure 6b can be adopted for the aquifers 

having low hydraulic conductivity. In Figure 6b, the radial collectors are linked to the main holes, and 

these main holes are then connected to the sump. Under such arrangement, radial collectors are 

spread over the wider area to cover the greater extent of the spatial domain of the aquifer so that the 

radial well can skim adequate quantity of freshwater without disturbing the underlying salty 

groundwater layer. Therefore, the subsurface horizontal tile drainage system installed in the Indus 

basin of Pakistan, also represents one kind of radial well. 

 Sump Main hole Horizontal well screen 

Figure 6. Two different arrangements of the radial well. 
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Such radial wells have already been installed in various parts of the Indus Basin of Pakistan, but 

operational difficulties faced under the public sector projects have limited their success in Pakistan. 

Primarily, these radial wells were installed for lowering watertable below the root zone under the 

irrigated agricultural areas, which are abandoned due to salinity and waterlogging resulting from 

watertable rise (Afzal, 1992). Certainly, if these wells are also viewed as irrigation wells by 

considering the idea of capturing the tail water runoff. Obviously, in this case, tail water runoff will 

compose of the deep percolated water below the root zone. In this way, the beneficial use of these 

wells can be proved and the issues like the participation of beneficiaries to operate and maintain 

these wells can also be addressed (Malano, 2000; and Bhutta et al., 2000). 

Several field and mathematical modeling studies have already been performed: (i) to predict the 

response of an aquifer under radial well operation and (ii) to present alternative suggestions for its 

effective and efficient use. 

Field Studies 

In the Lower Indus Basin (LIB) of Pakistan, Chandio and Marri (1989) reported a field study at the 

farmer‘s field on the effectiveness of a radial well in controlling the watertable under the irrigated 

agricultural area which has become salt-affected and waterlogged due to rise in watertable. Higher 

discharged rates of skimmed water than the designed values were observed. Improvement in the 

skimmed water quality was observed with time. Several other studies of radial wells in arid and semi-

arid zones have also suggested that most salts from initially saline soils were removed within 10 

years of well installation (Pillsbury et al., 1965). The strongest decrease in skimmed water quality 

takes place in the first two or three years (Johnston, 1993; and Sharma et al., 1995). In the Chaj 

Doab of the Indus Basin of Pakistan, it was observed that the quality of the skimmed water has 

improved significantly within 45 months (September 1989 to May 1991) in terms of EC, SAR, and 

RSC values (Hafeez et al., 1991). 

In the middle of 1989, a 4.5 ha farm was equipped manually with a radial well in the command area of 

SCARP Well MN-93 under the MREP area, Bhalwal (Hafeez et al., 1991). The investigations were 

carried out from September 1989 to May 1993. The change in the quality of skimmed water was 

observed in terms of TDS, SAR, and RSC values (Table 1). The change has occurred: (i) by reusing 

the skimmed water plus water pumped by an additional conventional skimming well, (ii) by applying 

different soil reclamation techniques, and (ii) by rainfall to flush the salts in the soil profile (Chaudhry 

et al., 1992). 

Table 1. Changes in skimmed water quality from August 1988 to May 1993. 

Date TDS (ppm) SAR (mmol/l)
0.5

 RSC (meq/l) 

Before installation 

August 1988 1152 17.2 10.7 
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During operation 

September 1989 

August 1990 

September 1991 

September 1992 

May 1993 

1005 

934 

800 

755 

672 

17.0 

14.6 

8.6 

9.8 

8.9 

8.6 

2.1 

2.7 

2.8 

2.2 

An agro-economic evaluation of this radial well reveals that if skimmed water is disposed off away 

from the farm, then the estimated benefits are lower than the estimated cost of 0.276 millions rupees. 

But, if the skimmed water is utilized to irrigate an additional 4.5 ha, then the radial well will become 

economically feasible (Gaffar et al., 1993). The investigations were also carried out to evaluate the 

effectiveness of radial well to control the watertable at a level where crops are able to grow without 

affecting from the watertable conditions. The radial well was installed at 1.40m depth. It was reported 

that the watertable could be lowered by 50 cm. However, higher rates of skimmed water than the 

designed values were observed from the radial well, and this increase was attributed to lateral 

groundwater flow from the surrounding areas (Hafeez et al., 1991). 

Kelleners and Chaudhry (1998) reported a study related to the Drainage IV Project near Faisalabad, 

which lies in the Rechna Doab of the Indus Basin, Pakistan. The initial salinity levels in the study area 

were relatively low as compared to other areas discussed in the literature (Pillsbury et al., 1965; 

Johnston, 1993; Sharma et al., 1995). This project was started in 1988 and completed in 1994. The 

project area comprises 120000 ha of irrigated land, and 25 percent of this area was equipped with 

radial well divided over 79 individual units. During the monsoon period of 1989, skimmed water 

quality showed extraordinary low values of EC, SAR, and RSC (Boonstra et al., 1991). However, 

generally, it was found that the skimmed water quality remained approximately constant with time in 

the study area. This lack of temporal change of skimmed water quality was attributed to the lateral 

groundwater flow because of the deep, highly conducive, and unconfined aquifer system (Kelleners 

and Chaudhry, 1998). The presence of such aquifer may actually result in considerable lateral 

groundwater flow from the surrounding areas into the areas with radial well because of the lower 

watertables here. On the other hand, the discharge contribution from the top of the radial well screen 

is considered less as compared to the discharge contribution from the bottom of the radial well screen 

(McWhorter, 1972 and 1980). It means that saltywater upconing may likely occur under the deep, 

highly conducive, and unconfined aquifer system along with the lateral groundwater flow and solute 

transport too. 

It was further argued that this constant behaviour of skimmed water quality with time might be partly 

due to the fact that the irrigation water availability remained limited during the study period, which 

affected the rate of flushing down of salts from the soil profile. However, the skimmed water quality 

results would have been quite different, even if this skimmed water was reused within the project area 

(Oosterkamp, 1996). Gaffar et al., (1993) have already raised similar argument for the radial well 
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installed in the command area of SCARP Well MN-93 under the MREP area too. Furthermore, this 

lack of temporal change of skimmed water quality can also be attributed to low operational time. It 

has been reported that project area had only 49% operational time for the period 1993 to 1995. In 

1997, it was also observed during the field visits, that only 47.4% of the sumps and 26.5% of the 

pumps were operating (Iqbal, et al., 1997). 

Numerical Modeling Studies 

The solutions reported in the literature for saltywater upconing beneath the radial wells are not as 

numerous as for the fractional skimming wells. Figure 7 depicted the radial well situation treated 

under most of the numerical modeling studies. Generally, Dupuit-Ferchhoimer and Ghyben-Herzberg 

approximations were used in numerical solution schemes for simulating the saltywater upconing 

under shallow and/or deep radial well operation. 

However, if the thickness of the fresh groundwater lens is greater than 12.5 times the depth of the 

radial well (i.e., shallow radial well), then the use of the Dupuit-Ferchhoimer approximation might 

cause substantial errors in estimating saltywater upconing (McWhorter, 1972 and 1980; and 

Kemblowski, 1987). On the contrary, if the thickness of the fresh groundwater lens is less than 5 

times the depth of the radial well (i.e., deep radial well), then the Ghyben-Herzberg approximation 

would lead to erroneous results for the problem of concerning saltywater upconing (Hantush and 

Papadopulos, 1962; Bear and Dagan, 1968; Kemblowski, 1985; and Gupta and Gaikwad, 1987). 

 

 

 

 

 

 

 

 

Figure 7. Schematic representation of the radial well treated under most of the numerical modeling 

studies. 

The impact of the radial well penetration ratio is negligible on the saltywater upconing beyond the 

distance of 0.66 times the total aquifer depth (Huisman, 1972). Kemblowski (1985) considered this 

distance equal to 1.5 times the total aquifer depth. However, the total aquifer depth in most of the 

cases is not exactly known. Furthermore, in skimming wells operation, the objective parameter is the 

thickness of the fresh groundwater lens, rather than the total aquifer depth. Thus, the effect of radial 
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well penetration ratio on the saltywater upconing should be investigated while considering the 

thickness of fresh groundwater lens. 

Summary and Comments 

 Different operation and management strategies, like: (i) reusing skimmed water (Sharma et 

al., 1995), (ii) canal water application (Johnston, 1993), and (iii) operational hours per day 

(Iqbal et al., 1997) can help in improving the skimmed water quality. Rainfall immediately 

effects the skimmed water quality (Boonstra et al., 1991; and Chaudhry et al., 1992). The 

application of different soil and water reclamation techniques can be used to improve the 

quality of skimmed water too (Chaudhry et al., (1992). It has also been identified that the 

changes in quantity and quality of the skimmed water can also occur due to the lateral 

groundwater flow and solute transport from the surrounding areas (Kelleners and Chaudhry, 

1998) as well as the vertical groundwater flow and solute transport from the bottom of the 

radial well (McWhorter, 1972 and 1980). 

 Proper understanding of the behaviour of the fresh and salty groundwater systems during 

radial wells operation can help in better use of this kind of skimming wells. Mathematical 

modeling based on the sharp interface approaches by using Dupuit-Ferchhoimer and 

Ghyben-Herzberg approximations have limitations in simulating the saltywater upconing 

under radial well operation (McWhorter, 1972; Kemblowski, 1987; and Gupta and Giakwad, 

1987). Thus, the model that takes into account hydrodynamic dispersion phenomenon should 

be used for modeling groundwater flow and solute transport processes to develop guidelines 

for operation and management of radial wells in the Indus Basin. 

Scavenger wells 

Stoner and Bakiewicz (1992) presented an overview regarding the historical development of 

scavenger wells. The concept of scavenger well relies on the fact that once a well begins pumping, a 

permanent streamline pattern is formed, and that the saltywater lies quite distinctly below a certain 

streamline (Figure 8). At this streamline, it is considered that a surface of flow dividend is formed 

between the freshwater and the saltywater zones. If the surface of flow dividend is maintained above 

the interface, then the interface will not be disturbed and a sustainable recovery of freshwater can be 

ensured. 

Scavenger well is designed to pump both the freshwater and the underlying saltywater 

simultaneously but through separate outlets well (very similar to compound wells tested by Kemper et 

al., 1976 at the Mona Reclamation Experimental Project with limited success). This kind of wells may 

either have a single borehole fitted with two pumps at different depths, or have a doublet of 

boreholes, very close together, each with its own pumps again set at different depths. In either case, 
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the upper pump discharges freshwater in the same way as a conventional skimming well while the 

lower pump discharges saltywater from the saltywater aquifer. 

 

 

 

 

 

 

 

 

 

Figure 8. Schematic presentation of scavenger well concept. 

However, the proportion of fresh and salty groundwater discharge rates depends on the interface 

depth, and the well penetration ratio with respect to the depth of the aquifer. But, the ratio between 

the discharge rates of the pumps discharging freshwater and saltywater must not be greater than the 

ratio of the average thickness of the fresh groundwater lens and the salty groundwater layer 

(Babushkin, 1963; and Zack, 1984). When the two ratios are equal, the surface of flow dividend 

approaches the limiting position coinciding with the interface. If the discharge rates ratio is smaller, 

then after some time, freshwater will enter the lower saltywater pump, and vise versa. 

Field Studies 

Before the field implementation of scavenger wells under the Left Bank Outfall Drain Stage-1 (LBOD-

1) project, a pilot study of four scavenger wells was undertaken in Sanghar (GDC/BGS, 1988 and 

1990; LBOD Consultants, 1988; and Williams and Price, 1992). This pilot study helped in evaluating 

different design and operational management strategies of scavenger wells for the purposes of 

drainage and recovery of freshwater for supplementing irrigation supplies in the context of LIB of 

Pakistan (Jones and van Wonderson, 1994). The installation of 357 scavenger wells (both in Sanghar 

and Nawabshah districts) was completed in 1994 (BDC, 1998). However, these wells are not 

performing properly as per desired objectives, simply due to operational management, maintenance 

and environmental constraints. For instance, monitoring data suggest that pumped freshwater 

qualities from most of these wells are ―satisfactory‖ or ―marginal‖ for irrigation purposes. A few of 

these wells are pumping ―hazardous‖ quality freshwater (Hasnain et al., 1997). 

It is the first time that such wells have been installed on such a large scale. These wells are installed 

at the cost of Rs. 447 million. Concern over the higher equipment costs for scavenger wells has been 
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addressed by economic analysis (WAPDA, 1993). However, the short-term environmental impact 

analysis (from April 1994 to April 1996) of the scavenger wells installed within Nawabshah district, 

helped in developing confidence in this technology (Bradford, 1997). There has been dramatic 

recovery of waterlogged and salt-affected lands, and improvement in the agricultural lands, during 

these two years. Thereby, the cropped areas and yields were increased, which resulted in the 

increase in farm incomes. The escalation of land prices also showed the economic justification of 

scavenger wells as an option that can achieve drainage objectives in conjunction with recovering 

freshwater for irrigation and other uses. 

But, the scavenger wells installed in the LIB may have negative environmental impacts too. The loss 

of prime agricultural lands for drainage infrastructure, the mobilization of deep salts, the disposal of 

drainage effluent, and the seepage of saltywater from the disposal channels, are the main concerns 

that defines the short- and long-term negative environmental impacts of these scavenger wells. 

These environmental constraints put limitations on the sustainability of this scavenger wells project. 

However, the project sustainability can be ensured provided the interests of the farmers are drawn 

into the operational management of these scavenger wells. The farmers will only take such 

responsibilities provided the freshwater demands to irrigate the recovered lands, and to leach salts 

from the root zone, are fulfilled along with the drainage objectives through these wells (Bradford, 

1997). 

Numerical Modeling Studies 

The SUTRA-model, developed by Voss (1984), was used for numerical modeling studies to explore 

the effect of different hydro-geological conditions on the performance of different designs and 

operational parameters of scavenger wells (Kitching and Shearer, 1991; and Shearer and van 

Wonderen, 1992). But, the model was calibrated against the observations made during the four pilot 

scavenger wells studies only. Thus, the recommendations for such large field-scale implementations 

should not be made exclusively based on the results obtained from these modeling studies, unless 

the hydro-geological conditions are the same. In fact, an alluvial complex of great thickness underlies 

the region. The alluvium is mainly sandy in the north of LIB but becomes progressively finer 

southwards until it becomes dominated by very fine sands, silts, and clay to the south of Sanghar. 

The aquifer in Nawabshah is appreciably coarser and therefore more transmissive than in Sanghar 

(Hasnain et al., 1997). 

Furthermore, later investigations related to numerical modeling studies in the LIB, found that SUTRA-

model could not adequately simulate the behaviour of fresh and salty groundwater aquifer under a 

scavenger well (Aliewi, 1993). Particularly, it cannot handle the temporal changes in the dispersion 

zone (thickness and salt concentration/distribution with time) near the well (Aliewi et al., 1993). 

However, these modeling studies have demonstrated the feasibility of scavenger well concept and 

have led to the development of fairly simple design criteria for the scavenger well (van Wonderen and 
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Jones, 1992). But, these studies were unable to fairly define the operational management strategies 

for the installed scavenger wells at different geo-hydrological conditions in the LIB. This is the main 

reason that most of these wells are not performing properly as per desired objectives. Therefore, the 

timely and site-specific selection of pumping duties, i.e., operational management strategies, is a 

more complex task than the design of scavenger wells themselves. 

Recently, Ali (2000) conducted a study that could help in saving this huge investment utilized for 

scavenger wells and ensuring sustainable recovery of freshwater while addressing the associated 

environmental constraints. The hydraulic performance of two scavenger wells representing different 

geo-hydrological conditions were evaluated using two numerical models (i.e., MODFLOW and MT3D 

for groundwater flow and salinity simulation). These evaluations were aimed at modifying operational 

management strategies in order to ensure maximum recovery of freshwater while minimizing 

saltywater discharges, and to achieve the drainage requirements. 

Because of the limited availability of the required data, Ali (2000) conducted his study for two 

scavenger wells, called PSW1A and PSW2 (Beeson et al., 1992). The designed operational factor for 

both the wells was 0.6, whereas the recovery ratios (which is the ratio of freshwater and saltywater 

discharges) of PSW1A and PSW2 were 0.5:0.5 and 0.3:0.7, respectively. The hydraulic evaluation of 

PSW1A and PSW2 showed that the recovery ratios could be changed to 0.7:0.3 and 0.62:0.38 while 

keeping the same operational factor (i.e., 0.6). It means that hydraulic eveluation of scavenger wells 

enables to increase the recovery of freshwater and to decrease the quantity of saltywater withdrawal 

without compromising the drainage objective. 

Summary and Comments 

 Most of the scavenger wells installed under the LBOD-1 project are not performing properly 

as per desired objectives, simply due to operation, maintenance and environmental 

constraints. Only the hydraulic evaluation of these scavenger wells can ensure the operation 

and management of this project on sustainable basis. Therefore, there is a need to conduct 

the hydraulic evaluation of these scavenger wells. 

 Generally, numerical models provide adequate tools for such evaluations. For instance, 

MODFLOW (McDonald and Harbough, 1988) and MT3D (Zheng, 1990) can be used for 

simulating flow and solute transport behaviours under a scavenger well operation, 

respectively. After calibrating these models for different hydro-geological conditions found in 

the LIB, the hydraulic evaluation of all the scavenger wells can be conducted. This evaluation 

can help in developing operational management strategies for sustainable use of 

groundwater with optimized quantities of freshwater and saltywater under the given hydro-

geological conditions. 
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 Given the social, economical, and environmental constraints faced by the scavenger well 

installation and operation in the LIB, further installation of these wells should be strictly 

prohibited and socially adaptable tubewell technology should be considered and introduced. 

CONCLUSIONS AND RECOMMENDATIONS 

 Under shallow watertable areas, the idea of radial wells for skimming freshwater seems an 

attractive option, which provides large discharges per unit of drawdown, a desirable feature of 

skimming wells (McWhorter, 1972). But, the utility of such skimming wells is restricted by 

social, economical, and environmental constraints (Carruthers and Smith, 1990). 

 Dugwell may provide a simple, cost-effective, and traditionally familiar option as compared to 

other potential options for skimming freshwater from the fresh and salty groundwater aquifer 

(Zuberi and McWhorter, 1973). However, salinity and hydraulic evaluations are required in 

order to increase their potential for extracting freshwater from a shallow free surface 

(unconfined) aquifer having fresh and salty groundwater systems. 

 Chandio and Chandio (1992) and Sufi et al., (1998) showed that the conventional skimming 

well offered suitable alternative to scavenger well for drawing irrigation water from the fresh 

groundwater lens shallower than 30 meters thickness. Multi-strainers conventional skimming 

wells having 2-3 well points are reliable source of supplemental irrigation as compared to 

other skimming well options (Mirbahar et al., 1997; and Sufi, 1999). 

 Generally, the discharge rates from skimming wells would be too low to apply efficiently on 

surface irrigated croplands. However, these small discharge rates are highly advantageous 

while using pressurized irrigation application methods. An added advantage of employing 

pressurized irrigation application methods with skimming wells, is the case with which 

technical assistance can be provided for managing salinity in the root zone. Water can easily 

be measured as it enters the pressurized irrigation application system. Then, knowing the 

salinity of the pumped water, and measuring the average soil salinity in the root zone, the 

farmer can be given an irrigation schedule using calculated values of evapotranspiration 

during various growth stages of commonly grown crops. This irrigation scheduling could list 

the hours of pumping for each irrigation event that would satisfy crop water requirement, 

including an appropriate allowance for leaching in order to maintain the root zone salinity at 

acceptable levels for good crop productivity. 

 However, by introducing adequate interventions in design and operational management 

strategies of skimming wells, higher discharges are also feasible. Where such systems exist, 

even surface irrigation can be practiced, or at least by using innovative irrigation application 

systems, such as furrows and bed-and-furrows. But, proper guidelines regarding (i) the 

design and installation of a skimming well while considering the aquifer characteristics, and 
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(ii) the operational management strategies that could control the saltywater upconing for 

getting groundwater without compromising the quality, are still lacking for hydro-geologic 

conditions in the Indus Basin of Pakistan. However, the guidelines for better use of 

groundwater resources with different skimming well techniques can only be intervened if 

groundwater flow and solute transport mechanisms are properly understood. Field trials and 

numerical modeling studies can help in this regard. 

 Most of the population in the rural areas of the Indus basin of Pakistan uses canal water for 

domestic purposes. Not only does this water contain significant quantities of biological 

wastes, but also considerable industrial waste from as far away as Lahore. As a result, the 

local population experiences considerable gastrointestinal maladies. Dugwells and/or 

conventional skimming wells can provide an alternative domestic water supply that would 

provide considerable health benefits. Furthermore, lowering of watertable is also expected to 

result in less ponded water on the ground surface. This should result in a lower mosquito 

population, another health benefit. 
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DIAGNOSTIC ANALYSIS OF FARMERS’ SKIMMING WELL 

TECHNOLOGIES 

The short canal water supply has forced the farmers to extract groundwater for irrigation purposes. 

Farmers are using skimming wells (both single- and multi-strainers) to supplement their canal 

deliveries. To ensure sustainable groundwater extraction, proper design and operational guidelines 

for these skimming wells are required. The starting point of such guidelines is to see the extent and 

existing practices of skimming well technologies. For this purpose, a field survey was conducted in 

the Indus Basin of Pakistan to see the farmers‘ groundwater extraction practices and associated 

problems. Participatory rural appraisal (PRA) identified several design and operational problems with 

farmers‘ skimming wells. These include; (i) depth of well, (ii) number of strainers, (iii) horizontal 

distance of strainers, (iv) priming, (v) water quality, (vi) sand in pumped water, and (vii) reduction in 

well discharge with passage of time. To investigate these problems, diagnostic analysis was carried 

out at the reported farmers‘ tubewells. A test borehole was suggested to get water quality samples 

along the aquifer depth. The depth of well then was decided on the basis of these water quality 

analyses. To decide the number of strainers, a pumping test was conducted at test borehole to 

estimate the contribution of individual strainer and then the numbers were increased according to the 

desired discharge. Similarly, placing non-return valve between blind pipe and strainer solved the 

priming problem. The data showed that continuous operation of a skimming well for 12 to 14 hours 

reduced the well discharge up to 30%. The study showed that there is an imperative needs to 

develop proper design and operation guidelines for skimming wells, and the farmers and local drillers 

are the target groups to be trained for sustainable groundwater extraction the Indus Basin of 

Pakistan. 

INTRODUCTION 

The most serious problems in the irrigated area of the Indus Basin of Pakistan are those of soil 

salinity and waterlogging. Salinity affects 5.8 million hectares (Mha) of land inside and outside the 

canal commanded area, while 9.0 Mha area has water table within 3.0 m of the soil surface (Ayers et 

al., 1985). Since the early sixties, Government of Pakistan has launched a series of Salinity Control 

and Reclamation Projects (SCARPs) to control waterlogging and soil salinity. By the mid nineties, 6.0 

Mha were covered under these projects at the cost of Rs. 21 billion and these facilities were extended 

to another 2.0 Mha with the investment of Rs. 20 billion (NESPAK-MMI, 1995). In SCARPs, deep 

tubewell, surface, and sub-surface drainage systems were established. The performance evaluation 

of these projects revealed that some had been reasonably successful, while others failed to achieve 

the designed objectives (Knops, 1997). The main causes for failure were; (i) deficiencies in policy and 

institutional matters (Bandaragoda and Firdousi, 1992), (ii) low priority for operation and maintenance 

(World Bank, 1994). (iii) constraints on the public sector investment programs (Masood and Ashraf, 
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1997), (iv) safe disposal of saline drainage effluent (Knops, 1997), and (v) social constraints (Rafiq et 

al., 1997). 

The SCARP tubewells served the dual purpose to lower the water table and supplement the canal 

water deliveries in the fresh water zones. While in the saline water zones, the tubewell water was 

disposed off in the surface drainage and then the drainage effluent into the nearby river. The major 

constraint with the SCARP tubewells in fresh water zones was their operational inflexibility for farmers 

to supplement their canal supplies at irrigation turns. The SCARP tubewells are being transferred to 

farmers‘ community under new SCARP Transition Project to shift the responsibilities from public 

sector to private sector. Socially, the weak partnership among rural people is hindering the concept of 

community tubewells and farmers prefer to install their own tubewells of small capacity. These 

farmers‘ tubewells are doing what the SCARP tubewells were supposed to do in these areas.  

Farmers are using skimming wells to extract upper fresh water layer for supplementing their canal 

irrigation deliveries and thereby achieving drainage objectives by lowering water table. Local farmers 

and drillers evolved skimming well technologies without any technical guidance. As a result, these 

wells have some economical, technical, operational management and environmental problems, which 

reduce the performance of these tubewells. To identify these problems, a case study was conducted 

in SCARP-II area in the Indus Basin of Pakistan (Figure 1). 

The main objective to evaluate farmers‘ skimming well technologies was to have insight into their 

present practices, in the light of possibilities and constraints, which causes the low performance in 

these systems. The specific objectives of this study were, (i) to assess farmers‘ practices and 

perception to opt skimming well technologies, (ii) to document problems associated with farmers‘ 

skimming wells technologies, and (iii) to identify whether technical interventions at farmers‘ skimming 

wells would facilitate to improve the performance of these wells. 

DATA COLLECTION TECHNIQUES 

Participatory rural appraisal (PRA) was used to collect field data for this study. A wide range of PRA 

technique was used for this purpose. Before starting the detailed investigation, a preliminary survey 

was conducted in the study area to see the extent of skimming well technologies, its adaptability and 

associated constraints in different villages. The survey involved frequent field visits and open 

discussions with the farmers. On the basis of this survey, four villages having the highest number of 

skimming wells were selected for detailed investigations. The details of participatory rural appraisal 

techniques used in the present study are given in Table 1. 

For semi-structured interviews, a questionnaire with open questions was developed. During interview, 

there was plenty of room for discussion with the farmers and questionnaire helped in covering all the 

topics. On the basis of the information collected during PRA, following problems were identified and 

ranked; (i) depth of well, (ii) optimal number of strainers, (iii) horizontal distance of strainers from 
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center, (iv) priming of centrifugal pumps, (v) water quality deterioration, and (vii) reduction in well 

discharge with the passage of time. It was observed that farmers have their own perceptions to these 

problems and they have developed their own indicators to diagnose some of the problems related to 

their skimming wells. 

DIAGNOSTIC ANALYSIS OF SKIMMING WELL PROBLEMS AND PRACTICES 

Skimming well is a general term to represent any well in which the depth of the well is defined by 

taking into consideration the underlying saline water layer and with an intention to extract relatively 

fresh water. Skimming wells are partially penetrating wells and screened in the upper freshwater layer 

of the aquifer. Different types of skimming well are being used in the Indus Basin, including scavenger 

well, radial well, conventional dugwell, shallow tubewell (single strainer and centrifugal), and 

skimming tubewell (multi-strainer and centrifugal). In scavenger wells, two casings are lowered in 

either single borehole or in closely spaced boreholes. One casing is screened at the upper freshwater 

layer while the second is screened just above the fresh-saline interface. The freshwater and saline 

water are extracted separately and simultaneously. As the freshwater is extracted from the shallow 

well, the saline water rises in the shape of cone at the fresh-saline interface. The deep well extracts 

the saline water, which is raised in response to the freshwater pumping. The discharges of these 

wells have to fix in relative proportions so that saline water may not intrude the freshwater deliveries. 

This proportion is site specific and mainly depends upon the thickness of freshwater layer, aquifer 

parameters etc.. In scavenger wells, the disposal of saline water is a problem as well. This option to 

extract freshwater is being used in lower Indus Basin. The scavenger wells are technically 

complicated to be installed by local drillers.  

Radial wells are used to extract thin freshwater layer. In these wells, perforated pipes are installed 

horizontally at shallow depths. In most of the cases, the intention of such installations is to lower 

water table. The water collected in such systems is used to supplement canal irrigation. The radial 

wells have high installation cost and the discharge depends upon the hydraulic head available or in 

other words, the depth of the pipes. The tile drains installed in drainage projects are examples of the 

radial wells. 

The dugwells became obsolete due to revolution in pumping technology. So, shallow tubewells and 

skimming tubewells are most popular among farmer‘s community in the study area to extract shallow 

fresh water. The main factors contributing to their popularity among farmer‘s community are;(i) 

availability of local manufactured material, (ii) availability of local expertise for drilling, installation and 

maintenance, (iii) shallow water table, which helps to use centrifugal pumping units, (iv) technically 

simple system, as compared to deep turbines in scavenger wells, and (v) economics and affordability. 

In the context of this paper, the term skimming well will be used to represent both shallow and 

skimming tubewells collectively. 
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Initially, the shallow tubewells were very common in farmers‘ communities. The depth of shallow 

tubewells in the study area ranges from 12 to 67 m with diameters ranging from 12.5 to 30 cm. About 

60% shallow tubewells are of 30 to 36 m deep. It consists of a borehole varying in size penetrating 

through the permeable layer. The upper 3 to 6 m is used as blind pipe while lower 9 to 61 m is used a 

strainer. The blind pipe is directly coupled with non-return valve and a centrifugal pump is used 

extract water (Figure 2).  

Skimming tubewell consists of number of boreholes of small diameters. These boreholes are drilled 

around a circle at shallow depth. The number of boreholes decides the angle from the center and 

hence the spacing among them. The blind pipes from all the boreholes are extended through 

horizontal pipes toward the center of the circle. Then these pipes are joined together through a tee 

joint at the center. A non-return valve is attached above the tee and then a centrifugal pumping unit is 

mounted on the non-return valve (Figure 3). The depth of skimming tubewells in the study area 

ranges from 10 to 18 m with 3 to 4 m blind pipes of diameters ranging from 5 to 12.5 cm. Figures 4 

and 5 show the distribution of depths in shallow and skimming tubewells in the study area. 

The installation of shallow tubewell in the private sector started in 1968, after the installation of 

SCARP tubewells in the area. The installation of these shallow tubewells was initially in the 

uncommanded areas along the riverain tracts. Later, to supplement the canal water, these wells were 

used in the canal command areas. The PRA statistics shows that about 90% wells were installed 

between the middle and tail reach of the watercourse command. In study area, approximately 40% of 

the skimming wells were installed during last two years (1999-2000). The proportion of skimming 

tubewells also increased during these years. The high growth rate of skimming wells may be 

attributed to closure of SCARP tubewells in the area, and shortage of canal water supplies due to the 

present regional dry spell.  

The skimming well technologies were evolved locally. With the passage of time, local drillers and 

farmers have developed expertise on the installation of skimming wells and they are trained enough 

to diagnose and solve, to some extent, problems related to their tubewells. The issues like depth of 

well, number of strainers, horizontal distances of strainers, priming, water quality, sand in pumped 

water and reduction in skimming well discharge with the passage of time need to be refined to make 

the system more efficient and cost effective.  

The most reported problems during PRA were analyzed at farmers skimming wells. Local farmers 

were involved in the learning process. A rational and progressive diagnostic approach was adopted to 

enhance the farmers understanding regarding the problems with their skimming wells. The reasons of 

successes and failures were discussed with them. The main objective of this approach was that the 

farmers must own the outcomes of these diagnostic analyses.  
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Depth of Well 

The depth of the skimming well mainly depends upon the required discharge of the well and the local 

hydro-geological condition of the aquifer. The depth of well is directly related to the cost of the 

skimming well. The discharge of the skimming wells in the study area ranges from 23 to 30 liters per 

second. It can be reasonably assumed from the data that farmers‘ target discharge is approximately 

28 liters per second. It can be achieved either by drilling a single borehole in thick freshwater layer as 

in shallow tubewells or by using more than one borehole in relatively thin freshwater layer as in 

skimming tubewells. In both the cases, the depth is very important as the water quality deteriorate 

along the aquifer profile. The PRA showed that most of the farmers depend upon local drillers 

regarding the depth of skimming wells and other design parameters. When field team consulted the 

local drillers to know the bases of their decision regarding the depth of wells, the drillers told that the 

farmers are only interested in high discharge and always demand a delivery pipe full of water. In this 

situation, the driller use a high factor of safety by drilling deep wells and hence maintain their 

business repute at the cost of farmers money. Most of the drillers are also suppliers of the skimming 

well material and have their vested interest in quantity of material.  

During diagnostic analysis, an innovative method was adopted in the field, in which a test borehole of 

small diameter was drilled. The water samples from the bailer at different depths were collected 

during drilling and these were analyzed for water quality. The result of water quality analysis helped in 

determining the depth of the skimming wells. The strainer was lowered up to the depth where the 

quality is good or marginal. Table 2 showed the result of water quality along the depth during a field 

trial. The water quality started deteriorating below 18 m. The electric conductivity (EC) of less than 

1.50 dS/m is considered good for irrigation (Qureshi and Barrett-Lennard, 1998) and this was 

available at depth less than 18 m. Hence, it was decided to keep the depth of the well above 18 m. 

With this method of water sampling, one cannot get samples those are true representative of the 

water quality at that profile. The samples collected from bailer are mixed water from different 

geological profile. But in the present context, the interest was to find out the expected quality of the 

pumped water, which also comes from a long geological formation and hence, the method adopted in 

the field served the purpose. 

Number of Strainers 

The number of strainers in the study area varies from 1 to 26 but 10 and 18 strainers were common 

(Figure 6). Farmers‘ decision regarding the number of strainers in skimming tubewells is arbitrary. 

The farmers do not have any idea about the optimal number of strainers. In most of the cases, they 

have to depend on the local drillers who decide the number of strainers.  Sometimes, farmers follow 

the neighboring well design taking into consideration the quantity and quality of water from that 

tubewell.  
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Most of the farmers and drillers have this misapprehension that the discharge of well will increase 

with the number of strainers. Theoretically, this is true but up to a certain number. The farmers also 

prefer to install more number of strainers with the intention that if some strainers have to be closed 

due to one or the other reasons, the remaining strainers will be functional without reducing discharge 

significantly. There is general consensus among farmer‘s community that skimming tubewells are 

more vulnerable to get any sort of operational problem due to higher number of strainers. The size of 

strainer (diameter and length) also varies widely for the same depth of the skimming wells. Tables 3 

and 4 show how the strainer diameter and length change with depth of the shallow and skimming 

tubewells, respectively. 

Keeping in view the framer‘s target discharge (i.e. 28 liters per second), the test borehole described 

above was then converted into one of the well point with 9 m strainer and 9 m blind pipe of 7.5 cm 

diameter. A pumping test was performed at this borehole to the see the contribution of individual 

strainer. The discharge from this single-strainer was about 6.5 liters per second. So it was decided to 

drill three more boreholes of the same specifications to get the target discharge. This 4-strainers 

skimming tubewell has discharge of 26 liters per second.  

Horizontal Distances of Strainers 

It is a common practice among farmer‘s community to install the strainers in skimming tubewells at 

the same depth but at varying distances from the pump. In farmers‘ perception, if the strainers are 

installed at the same horizontal distances, they will share the water of each other thereby reducing 

the overall discharge of the skimming well. In some cases, it is observed that farmers try to install the 

well near the watercourse to facilitate the diversion of water and hence install boreholes of that side at 

shorter distance from the center. Figure 7 shows the arrangement of horizontal distances in 16-

strainers skimming tubewell in the study area. 

The proper horizontal distances of the strainers depend upon the allowance, which the designer 

provides to allow the drawdown to overlap. Different field trials are being conducted in the field with 

different scenarios to see the effect of variation of horizontal distances of strainers on the well 

discharge and hence to find the optimal distance of strainer from the center. The objective would be 

to spatially distribute the pumping stress so that saline water cone would not arise under any of the 

borehole. The results of these trials will be presented elsewhere. 

Priming 

The priming has been a major problem of a centrifugal pump and shallow and skimming tubewells in 

the study area are not exemption. During PRA, most of the farmers (about 62%) reported that they 

are facing the problem of priming in their skimming wells. This problem is more pronounced in 

skimming tubewells as compared to shallow tubewells. The PRA statistics shows that 75% of the total 

skimming well owners are facing problem of priming. During field visits, it is observed that the time 
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taken to lift water in shallow tubewells varied from 5 to 20 minutes while in skimming tubewells it is 

from 10 to 40 minutes. 

It was observed that farmers in the study area are not following the conventional well design. In the 

conventional well design, the non-return valve is fixed at the lower end of the suction pipe. This valve 

holds the water in the suction pipe. In the farmer's skimming wells, the blind pipe is used directly as 

suction pipe and the non-return valve is fixed just below the centrifugal pump assembly on the suction 

side of the system. The present practice of skipping the suction pipe is to reduce the cost of the 

system. On the other hand, it might be one of the reasons to drop the water level from the blind pipe, 

as there is nothing to retain water in this pipe and hence needs priming each time before operation.  

To provide state-of-the-art solution of the priming problem, different field trials were carried out. The 

possible causes of the drop in water level in blind pipes were discussed with farmers and evaluated 

accordingly. Starting with their assumption of leakage in non-return valve, a storage tank was 

attached with the delivery pipe of the well above the pump (Figure 8). The tank was filled when the 

well was in operation and the stored water in the tank then was used for priming purposes in next run. 

There was not much success in this system of priming. The time consumed to lift water by the pump 

was almost same. This system only facilitated the priming procedure but did not provide a solution. It 

was also observed that the water remained in the delivery system above the non-return valve, which 

clearly rejected the hypothesis that the leakage was through non-return valve. 

The next step was to look below the non-return valve. It was considered that the water in the blind 

pipes seeped out of the strainers into the aquifer to maintain water level in the surroundings and air 

took the place of water in the blind pipes. The source of air was unknown. It might be from some 

loose joints in the system. The second step to find solution of the priming problem was based on the 

above explanation. This time, instead of filling the pump above delivery side, the system was modified 

to fill the blind pipes. For this, storage tank was attached with the delivery pipe and was filled during 

pumping (Figure 9). An outlet from the tank was provided in the tee joint to refill the blind pipes. 

Before running the pump, the water from the tank was released into the delivery pipes to fill them. It 

was observed that the volume of water in the storage tank was not that enough to fill the blind pipes 

fully. The reason might be the release of water into the aquifer from the strainers as the water tried to 

maintain the level in the system. This system would have worked if the size of the tank were larger 

and the water would have been poured instantaneously. 

Working on the same problem, a third option was tried which was very close to the conventional 

design of the wells. The non-return valve below the pumping assembly was replaced with non-return 

valves between the blind and the strainer at each strainer (Figure 10). This arrangement worked 

successfully and solved the problem of priming. The total expenditures on these valves were almost 

the same as that of conventional non-return valve but had benefits in terms of saving in fuel 

consumption and the time spent to prime tubewells without this arrangement. 
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Water Quality 

In the Indus Basin of Pakistan, the groundwater quality of most of the skimming wells is saline and 

saline sodic (Kahlown, 2000). Farmers have their own indicator to test the quality of skimming wells. 

About 88% farmers assess the quality of tubewell water from the crop growth, 9% by tasting it and 

only 3% by laboratory testing. They term the waters sweet and brackish on relative basis and 

compare it with the quality of canal water. Farmers complained that using poor quality water, their 

land have developed salinity. The source of their knowledge is the white patches on the soil they 

observe after irrigating the fields with deep water. The other indictors used by the farmers to assess 

the soil degradation are; (i) soil hardness, (ii) low germination rate, (iii) no crop, (iv) late field capacity 

condition, (v) stunted crop growth, and (vi) low infiltration rate. Most of the farmers with shallow 

tubewells complained that the water quality remains acceptable during first one or two years of 

tubewell installation but deteriorate later on. They use the growth and fruit of their citrus gardens as 

an indicator to water quality. Their indicators could not be judged on scientific bases in the present 

study. 

The water quality of the pumped water mainly depends upon the design and operational parameters 

of the tubewell with reference to the hydro-geological environment of the region. In the design 

parameters, the depth of the well is of significant importance. The method adopted for deciding the 

depth of the well may help in getting better quality of water. Moreover, the operational management 

strategies may help to avoid extraction of poor quality water. These may include operating tubewell 

intermittently rather than continuously. For the study area, maximum six hours pumping per day was 

proposed (Ashraf et al., 2001). The intermittent pumping not only maintains the water quality but also 

a minimum suction lift that helps get a relatively good discharge. 

Sand in Pumped Water 

About 39% farmers reported sands in their pumped water. In farmers‘ perception, the sand in pumped 

water is due to large openings and cracks in PVC strainers. Farmers are not very much worried about 

the minor quantity of sand. They told that only excessive amount of sand might cause land 

subsidence and hence collapse of borehole. When asked about the remedial measures to reduce or 

possibly stop it, they proposed using fine porous synthetic material to wrap the strainers before 

installation. When the reasons of cracks in the strainers were discussed, they were of the view that 

large pumping unit (high suction) and low quality material (especially strainer and blind pipes) were 

the reasons. 

During diagnostic analyses, it was observed that the pumped water had sand in it for a very short 

period, only one or two minutes at the initial stage of pumping. The sieve analysis of sand collected 

during pumping showed that the particle size of sand was less than 0.40 mm. The one possible 

reason might be the use of commercially available strainer for all areas without considering the sand 

grading of the areas. Table 5 shows the percentage of different sand particles at different locations in 
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the study area. The different proportions of finer sand particle demands customized well screen rather 

than general one. The use of same slot-size strainers may cause sand problem in media having high 

percentage of finer sand particles as compared to the media where the percentage of fine sand 

particles is low. Anyhow, this small amount of finer particles cannot be avoided in the present 

practices and it did not have any significant effect either on pumping unit or on the quality of water 

(from irrigation point of view). 

The other reasons, which may cause the sand in pumped water are; (i) the coir string strainers 

becomes weak with the passage of time and also due to bacterial action and this results in string 

breakage, (ii) the joints in strainers and blind pipes become loose as a result of water hammer, (iii) 

small cracks in PVC pipes which develop further with the vibration of pumping machinery, and (iv) 

fine silt particles enlarge the openings of the strainer while passing through PVC strainers.  

Reduction in Well Discharge 

About 28% of the farmers in the study area reported reduction in well discharge after 2 to 4 hours of 

operation. The problem occurs both in shallow and skimming tubewells. Sometimes, the suction 

break occurs due to damaged strainers. To detect damaged strainer in the skimming tubewells, 

farmers have developed their own methodology. In the first method, pump is kept running and the 

hissing sound of the air is listened from the pipes. The damaged pipe gives the hissing sound. In the 

second method, the pipe from each strainer is disjoined from the tee-joint and a hand-pump assembly 

is attached to each pipe. The hand-pump is operated and if it does not lift water, the strainer is 

considered as non-functional. The non-functional strainers are repaired, replaced or plugged 

permanently. This method puts extra economical burden on the farmers as the horizontal pipes have 

to cut for hand pump installation and then these pipes are rejoined together or some times have to 

replace. During fieldwork, the authors of this paper proposed a method to diagnose the problematic 

strainers. For this purpose, the pump is dismantled and outlets in the tee joint are closed with the help 

of some cloth or wooden peg. One outlet is opened and the tee joint is filled with water. If the water 

level in the tee joint reduces, this will indicate a leakage in the strainer. Otherwise, the next outlet is 

opened and tee joint is refilled with water. The same procedure is repeated until the defective strainer 

is found. The present method of using tee joint is economical and reduces the chances of leakage 

from new joints.  

The reduction in well discharge was quantified by observing a 16-strainers skimming tubewell at 

farmer‘s field. The well discharge was measured at the initial stage of pumping and just before closing 

the well operation. The reduction in discharge increased with the operational hours (Figure 11). The 

possible explanation is that the drawdown around the well increases for long operational hours and 

hence the total head for the pump. From the pump characteristics, it is well established that the 

discharge of the pump reduces if the total head is increased. 
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During well operation, as the drawdown exceeds below the depth of the blind pipe, the strainer may 

expose to air and suction break occurs in this borehole. In this case, the skimming well may stop 

lifting water due to entrapped air in the pump and complete suction break may occur. During 

diagnostic analysis no single case was observed where the suction break occurred. High 

transmissivity of the aquifer under Indus Basin does not support farmer‘s claim of suction break as 

well. If this happens at some place, this might be regarded as design problem of the skimming well 

such as shorter length blind pipe then expected drawdown. Moreover, the operational strategy of the 

intermittent pumping may help to maintain a minimum suction head and hence helps get a good 

discharge. 

CONCLUSIONS 

 The PRA techniques helped in sharing information regarding the performance, practices and 

constraints with farmers‘ skimming wells. Group discussions with farmers gave them 

confidence and many information were shared during these group discussions, which farmers 

were reluctant to share during individual talks. Moreover, arranged group meetings proved 

more effective than surprise visits to farmers. 

 The study showed that farmers were more interested in quantity of the water rather than the 

quality and their well design was influence by this factor. As a consequence, the skimming 

wells were not performing their operation economically.  

 The decision regarding the well design lies with the farmer and he picks one of the design 

options provided by the local driller. While giving the options, the local driller has his own 

business interest.  

 Both the farmers and drillers are the target group to enhance their technical knowledge. Any 

training program to enhance the technical knowledge must involve both the farmers and 

drillers.   

 A wide variation in farmers‘ skimming well design indicated the absence design codes for 

farmers‘ skimming wells. There is an imperative need to define the design and operational 

parameters of the skimming wells on the bases of hydro-geological environment of the area. 

 The participatory services helped in solving the problems with farmers‘ skimming wells. The 

systematic and step-by-step approach helped in developing methodology to under take 

technical research in farmer‘s friendly way. Moreover, the technical intervention with farmers‘ 

participation improved the skimming well technology. The results of these methods showed 

that farmers own the outcome of such research.  

 On-field training or seminar may help to disseminate the research findings at large scale 

among farmer‘s community. 
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Table 1. Techniques used for participatory rural appraisal. 

S. No. PRA Techniques Purpose 

1 Semi-structured Interview To obtain insights into farmers‘ perception, their 

constraints and possible improvements in skimming 

wells. 

2 Trend Line To identify the months with high water table, peak water 

demand for crops and high skimming well operational 

hours. 

3 Pie Chart To observe the change in cropping pattern after 

installation of skimming well and percentage 

contribution of well water.  

4 Field Walk To have more insight into the problem mentioned by 

farmers and help to identify and locate additional 

problems with the skimming wells. 

5 Flow Chart To visualize cause-effect relationship and identify 

solution to solve the problems with farmers skimming 

wells. 

6 Mapping To understand the design of skimming wells, spatial 

distances between strainers and length of strainers and 

blind pipe. 

7 Preference Ranking To identify and prioritize skimming well problems. 

Table 2. Water quality profile of test borehole at a well site. 

S. No. Sampling Depth (m) EC (dS-m-1) pH 

1 

2 

3 

4 

5 

6 

7 

6.0 

9.0 

12.0 

15.0 

18.0 

21.0 

24.0 

0.904 

0.862 

1.002 

0.742 

0.906 

1.682 

1.542 

7.67 

7.62 

7.68 

7.64 

7.83 

8.01 

7.91 
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Table 3. Variation in strainer size with depth of shallow tubewells. 

Depth of shallow wells (m) Diameter of strainer 

(cm) 

Length of strainer 

(m) 

Area of strainer 

(m
2
) 

30.0 10.0 

12.5 

15.0 

15.0 

17.5 

17.5 

20.0 

20.0 

24.0 

24.0 

24.0 

21.0 

24.0 

21.0 

24.0 

21.0 

7.54 

9.42 

11.31 

9.90 

13.19 

11.55 

15.08 

13.19 

34.0 15.0 

15.0 

15.0 

17.5 

20.0 

29.0 

27.0 

24.0 

27.0 

27.0 

13.67 

12.72 

11.31 

14.84 

16.96 

37.0 15.0 

15.0 

15.0 

20.0 

20.0 

20.0 

30.0 

29.0 

27.0 

30.0 

24.0 

21.0 

14.14 

13.67 

12.72 

18.85 

15.08 

13.19 

Table 4. Variation in length of the strainers. 

Number of Strainers Diameter of Strainer (cm) 

Length of Strainer (m) 

Maximum Minimum Average 

4 

6 

10 

7.5 

7.5 

5.0 

12.0 

9.0 

12.0 

8.0 

7.0 

8.0 

10.0 

8.0 

9.6 
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Table 5. Sand particle distribution at different locations in the study area. 

Particle Size (mm) Percentage of Different Sand Particles 

MREP Farm MN-93 MN-80 Nasir 

Farm 

Akram Farm Tariq Farm Nawaz Farm 

> 0.85 0 0 0 1 2 2 1 

0.85 – 0.40 4 7 8 3 4 2 5 

0.40 – 0.30 29 26 34 20 19 7 18 

0.30 – 0.25 24 18 19 23 17 9 13 

0.25 – 0.18 27 27 19 33 30 23 22 

0.18 – 0.15 6 7 5 7 19 7 6 

0.15 – 0.08 6 8 10 6 3 34 27 

< 0.08 4 6 5 7 7 16 7 

 

 

Figure 1. Location of study area in the Indus Basin of Pakistan. 
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Figure 2. Schematic presentation of farmer‘s shallow tubewell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Schematic presentation of farmer‘s skimming tubewell. 
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Figure 4. Distribution of depth in shallow tubewells in the study area. 
 
 
 

Figure 5. Distribution of depth in skimming tubewells in the study area. 
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Figure 6. Distribution of skimming tubewells in the study area. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Arrangement of horizontal distances in 16-strainers skimming tubewell in the study area. 
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Figure 8. Filling arrangement above the non-return valve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Filling arrangement below the non-return valve. 
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SKIMMING WELL DESIGN AND OPERATIONAL 

MANAGEMENT STRATEGIES 

The native groundwater in the central regions of the doabs of the Indus Basin of Pakistan is deep and 

salty because of the marine origin of the hydrogeologic formation. Percolation of fresh irrigation 

waters has formed a relatively-fresh groundwater lens above the underlying native salty groundwater 

layer. Better use of groundwater resources can be ensured if the behavior of relatively-fresh and 

saline groundwater systems is properly understood. Computer modeling is commonly used for 

simulating groundwater systems with complex behaviors. Modeling permits the prediction of response 

of aquifers to applied stresses and the impacts of alternative management strategies for its use. 

This paper presents the computer simulation results, which aimed at identifying the role that the 

design and operational management of skimming well technology play in protecting relatively-fresh 

groundwater lenses from mixing with underlying saline groundwater layers. Different hydro-geological 

conditions, which exist in the north-central part of the Chaj Doab in the Indus Basin of Pakistan, were 

included in this simulation study. Subsequently, the sensitivity was studied of the well penetration 

ratio with respect to relatively-fresh groundwater thickness, daily operational hours, and discharge 

rates on the salinity of pumped groundwater. Cost-effectiveness analysis of skimming wells for 

different daily opertaional hours was also conducted. The results show that skimming wells installed 

at 60-70% well penetration ratio to extract groundwater at 10-18 l/s discharge rates while operated 

intermittently for 4-6 h/d makes thier operation more cost-effective, and reduces the risk of 

groundwater quality declines. 

INTRODUCTION 

Computer modeling is commonly used for making predictions of aquifer responses to applied 

stresses and for evaluating the impacts of alternative management strategies. Processing 

MODFLOW for Windows
TM

 –PMWIN (Chiang and Kinzelbach, 1996), which is a complete simulation 

system for modeling groundwater flow and transport processes, was used to develop guidelines for 

installation, operation and management of skimming wells in the Indus Basin of Pakistan. This 

software is easy to use and maintain. Any system features that are not relevant for the aquifer under 

study can be ignored. PMWIN uses some of the most popular groundwater flow (MODFLOW) and 

solute transport models (MT3D) available. 

This computer simulation study aimed at identifying the role that the design and operational 

management of skimming well technology play in protecting relatively-fresh groundwater lenses from 

mixing with underlying saline groundwater layers. Different hydro-geological conditions, which exists 

in the north-central part of the Chaj Doab in the Indus Basin of Pakistan, were included in this study. 

Subsequently, the sensitivity was studied of the well penetration ratio with respect to relatively-fresh 
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groundwater thickness, daily operational hours, and discharge rates on the salinity of pumped 

groundwater. 

COMPUTER SIMULATIONS 

Simulation set up 

To closely evaluate and properly understand the behaviour of a groundwater system during its 

exploitation, the groundwater system should be represented as accurately as possible in terms of 

aquifer parameters, and initial and boundary conditions. The simulation domain of 89m x 89m in 

spatial perspective was divided into 23x23 m rows and 3.9x3.9 m columns, while a simulation domain 

of 100m in the vertical dimension was divided into nine layers of variable thickness to accommodate 

groundwater quality profile, and to allow for simulation of the different well penetration ratios (Figure 

1). No flow boundary condition was considered on the sides and the bottom boundaries. The top layer 

was considered unconfined while other layers were considered convertible between unconfined and 

confined depending upon the aquifer hydraulic conditions. The sixteen-strainer skimming well (Figure 

2) is represented as a single well point in the centre of the simulation network. Figure 3 shows the 

location of observation wells for depth to water table and groundwater quality with depth monitoring. 

Calibration of MODFLOW and MT3D 

Asghar et al., (2002) have already estimated the hydro-geological and hydro-salinity parameters while 

using MODFLOW and MT3D for simulating a single-strainer tubewell, and the same values were 

used in the present study while calibrating these models. The calibrated models were then used to 

determine the sensitivity of the well penetration ratio with respect to relatively-fresh groundwater 

thickness, daily operational hours, and discharge rates on the salinity of pumped groundwater. 

Statistical measures of the goodness-of-fit were used to assess the MODFLOW simulation 

performance objectively. The objective functions to measure the goodness-of-fit based on the 

analysis of residual error are: 

The maximum error,
n

1ii
S

i
Omax ME  (1) 

The modeling efficiency,
2n

1i
O

i
O

n

1i

2
i

S
i

O

1EF  (2) 

Where 
i

O  and 
i

S  represents the observed and simulated values, n represents the number of 

observed and simulated values used in the comparison, and O  is observed average. The ME is a 

dimensional quantity and takes the unit of the variable examined, whereas EF is a non-dimensional 

quantity. The lower limit for the ME is zero, whereas the EF can take negative values. The negative 



xlix 

EF is characterized by high variability between simulated and observed values. The zero value of EF 

shows poor simulation. If the model simulated values exactly match the observed values, then ME = 

0, and EF = 1. 

Table 1 summarizes the goodness-of-fit of MODFLOW between the observed and simulated values. 

The maximum error induced in hydraulic simulation results varies from 2 to 7 cm while the modelling 

efficiency remains between 0.97 and 0.99. The reasons of close fit between observed and simulated 

results are: (i) the experimental site underlain by the sandy aquifer, (ii) the well pumped water 

continuously for 15 days, and (iii) the fixed discharge rate (i.e. 14 l/s). These stochastic indices show 

that MODFLOW is calibrated properly for hydraulic simulations of the groundwater system for the 

given hydro-geological conditions. 

Figure 4 compares the observed and simulated salinity of groundwater results after 15 days of 

pumping. The groundwater salinity behaviour with depth is almost a linear function of time pumping at 

14 l/s. The reasons mentioned above for the close fit between observed and simulated results for 

hydraulic simulations are also true for salinity simulations. This graphical presentation shows that 

MT3D is calibrated properly for solute transport simulations of the groundwater system for the given 

hydro-geological conditions. 

Description of PMWIN application runs 

After calibration of MODFLOW and MT3D, the models were then used to prepare guidelines for 

design, operation and management strategies of skimming wells to obtain the desired amount of 

pumped water without compromising its salinity to ensure sustainability for future use. Essentially, 

operational parameters include daily operating hours and discharge rate, while penetration depth 

defines the well design. In unconfined aquifers that have a shallow water table, this penetration depth 

is related to the depth of water table, and the thickness of relatively-fresh groundwater lens (Asghar et 

al., 2002). Therefore, to reduce the number of parameters for sensitivity analysis, depth to water table 

and thickness of relatively-fresh groundwater lens were taken equal to 1.5 and 18m, respectively. 

These values are based on the observed hydro-salinity conditions of the aquifer at the site of 16-

strainers skimming well. The sensitivity of the following variables was studied during computer 

simulation study: 

 Discharge rates 

 Well penetration ratio with respect to relatively-fresh groundwater thickness 

 Daily operating hours 

Table 2 gives a summary of runs. A total number of 7 runs were executed for simulating different 

scenarios. Run 1 was executed as the base run. The remaining simulation runs were executed by 

changing only one parameter in the base run. Runs 1, 2, and 3 show the effect of discharge rate on 
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the quality and quantity of pumped groundwater. Runs 1, 4, and 5 show the effect of well penetration 

ratio on the quality and quantity of pumped groundwater. Normally, well penetration ratio is taken 

equal to the depth of well divided by the depth of aquifer from the soil surface. However, for the 

skimming well, the estimation of this ratio is considered appropriate when it is defined with respect to 

the depth of interface between relatively-fresh groundwater lens and underlying saline groundwater 

layer, rather than the depth of aquifer. If this ratio is calculated with reference to the depth of the 

aquifer, then 60, 67 and 74% (Table 2) correspond to 11.7, 13.0, and 14.3%, respectively. 

Runs 1, 6, and 7 show the effect of daily operational hours on the quality and quantity of pumped 

groundwater. The reasons of limiting the duration of application runs to 15 days are: (i) the target area 

has canal water supplies which operates on a 7-day interval warabandi system (fixed-turn system of 

water distribution), and (ii) the skimmed water is only required to supplement irrigation requirements. 

Therefore, the duration of 15 days is considered suitable for executing PMWIN application runs, as it 

covers two irrigation cycles.  

Simulation results and discussion 

The discussion on discharge rate is based on runs 1, 2, and 3 (Figure 5). The salinity of pumped 

water is around 2.9 dS/m after 5 days, and does not increase more than 4 dS/m during 15 days of 

continuous pumping with 10-18 l/s discharge rate, 1.5m deep water table, and 18m thick relatively-

fresh groundwater lens. These runs show that despite the variations in salinity of pumped water with 

discharge rates, the salinity of pumped water is below 4 dS/m for discharge rates as high as 18 l/s. 

The discussion on well penetration ratio is based on runs 1, 4, and 5 (Figure 6). After 5 days of 

continuous pumping at 14 l/s discharge rate, the interface does not enter the well screen when well 

penetration ratio was 60%. The salinity of pumped water is around 2, 3, and 4 dS/m after 5, 9, and 15 

days, respectively. Although, when well penetration ratio was 67%, the interface enters the well 

screen, but the salinity of pumped water is still less than 3 dS/m after 5 days of pumping. This salinity 

of pumped water remains under 4 dS/m even after 9 days of pumping. But, the salinity of pumped 

water deteriorates and reaches 5 dS/m on the 15
th
 day of pumping. However, with a 74% well 

penetration ratio, the interface enters the well screen and salinity of pumped water deteriorates to 3.5 

dS/m within 5 days of pumping. In this case, the salinity of pumped water touches 5.0 and 5.4 dS/m 

marks on the 9
th
 and 15

th
 day of pumping, respectively. 

The discussion on daily operational hours is based on runs 1, 6, and 7 (Figure 7). For 8 hours of daily 

operation with 14 l/s discharge, the salinity of pumped water remains below 1.9 dS/m. However, with 

12 hours of daily operation, the salinity of pumped water exceeds 1.4 dS/m after 5 days of pumping 

with 14 l/s discharge rate. But it remains below 2.9 dS/m after 15 days of pumping. Whereas, with 

continuous operation of 14 l/s discharge pump, the salinity of pumped water becomes 4 dS/m after 15 
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days of pumping from an unconfined aquifer with 18m thickness of relatively-fresh groundwater lens, 

and at 1.5m deep water table. 

Figure 8 shows the effect of different design, operation and management (within the ranges specified 

during simulation runs) on the changes in salinity of pumped water with quantity. The quantity of 

groundwater discharge in 15 days of operation with 10, 14 and 18 l/s are 12,960, 18,144 and 23,328 

m
3
, respectively. These runs show that despite the variations in salinity of pumped water with 

discharge rates, it is below 4 dS/m for discharge rates as high as 18 l/s. The salinity for the same 

quantity (18,144 m
3
 in 15 days of operation) of water pumped from a skimming well with 60, 67, and 

74% well penetration ratio, becomes around 4, 5, and 5.4 dS/m, respectively. Even within 9 days of 

well operation, the salinity of pumped water (10,886 m
3
) exceeds 4 dS/m mark in the case of 67 and 

74% well penetration ratio. These runs show that when well penetration ratio exceeds 60% limit, the 

salinity of pumped water deteriorates very rapidly with duration of pumping. With the increase in daily 

operational hours, the quantity and salinity of pumped water increases. During 15 days of pumping 

operation, the salinity becomes 1.9, 2.9, and 4.3 dS/m for 6,048, 9,072, and 18,144 m
3
 of pumped 

water quantity, respectively. Thus, an adequate amount of water (18,144 m
3
) having salinity less than 

4 dS/m can be pumped while keeping the design, operation, management and aquifer parameters 

within the ranges specified during simulation runs. 

COST-EFFECTIVE ANALYSIS OF SKIMMING WELLS OPERATIONS 

Cost of pumped water decides the operation management strategies. Figure 9 shows the annual 

cost-effectiveness curves for skimming wells (to extract fresh groundwater at 24, 18, 14, and 10 l/s 

discharge rates) under different operational strategies (12, 8, and 4 hours of daily operation). The 

annual cost increases with the increased quantity of pumped groundwater. For small and medium 

landholders (2-5 ha) in the study area, the annual groundwater requirement to meet the crop water 

demands in addition to average canal water supplies and rainfall is ranging from 2-5 ha-m. This 

volume of groundwater can economically be pumped by adopting daily operational hours of even less 

than 4 to extract groundwater at 10-24 l/s discharge rate. 

These cost estimates have been developed on the basis of diesel oil prices. Farmers use peter 

engine (diesel) and tractor as a prime mover for skimming well operation, and the capital cost of 

tractor operated skimming wells is 60-80% less than the peter engine operated wells. At places where 

electricity is available, diesel used peter engines and tractors may not be used. The use of electric 

motors for the pumps would reduce the operational costs by 40 percent, provided there is a 

government subsidy on electric charges. Otherwise, electricity is becoming more expensive than 

diesel. 
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CONCLUSIONS AND RECOMMENDATIONS 

 For the hydro-geological and agro-climatic conditions studied, a skimming well can be 

installed and operated successfully with a 60% well penetration ratio for discharge rates of 

10-18 l/s operating at 4-6 h/d from an unconfined aquifer with 15-18m thick relatively-fresh 

groundwater lens. Figure 8 may be used to determine the design and operational criteria for 

pumping a required quantity of water of acceptable salinity. 

 For developing generalized guidelines regarding design parameters and operational 

management strategies, it is recommended to simulate skimming wells under different initial 

conditions, hydro-geology, fresh lens geomatery, and recharge regimes. This study provides 

methodology and modeling tools for such evaluations. 
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Table 1. Analysis of MODFLOW calibration. 

Description Maximum Error, ME (m) Modeling Efficiency, EF (-) 

After 4 days of pumping 0.04 0.99 

After 5 days of pumping 0.04 0.98 

After 10 days of pumping 0.02 0.99 

After 11 days of pumping 0.02 0.99 

After 15 days of pumping 0.07 0.95 

After 1 day of pump closure 0.04 0.99 

Table 2. Summary of computer simulation runs. 

Run No. Discharge rate (l/s) Well penetration ratio (%) Daily operating hours (h/d) 

1 14 60 24 

2 

3 

10 

18 

60 

60 

24 

24 

4 

5 

14 

14 

67 

74 

24 

24 

6 

7 

14 

14 

60 

60 

8 

12 

 

 

Figure 1. Schematic configuration of simulation set up. 
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Figure 2. Variations in horizontal distance of strainers from suction point in sixteen-strainer 

skimming well installed at Akram Farm, Nabi Shah Bala. 

 

 

 

 21.3 m 
 
 9.5 m 
 
 
 2.4 m 
 
 
 
 Skimming well Observation well 
 
 

 

Figure 3. Schematic layout showing a skimming well and observation wells. 
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Figure 4. Change in groundwater salinity with depth after 15 days of pumping. 
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Figure 5. Effect of discharge rate on the salinity of pumped water. 
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Figure 6. Effect of well penetration ratio on the salinity of pumped water. 
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Figure 7. Effect of daily operating hours on the salinity of pumped water. 
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Figure 8. Changes in salinity of pumped water with quantity. 

 
 
 
 

Cost-Effectiveness of Skimming Wells

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0 20 40 60 80 100 120 140

Quantity of pumped groudnwater (ha-m)

A
n

n
u

a
l p

u
m

p
in

g
 c

o
s
t 

(M
R

s
)

12 hours 8 hours 4 hours of operation per day

 

Figure 9. Cost-effectiveness of skimming wells under different operational strategies. 
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Skimming Dugwells and Pressurized Irrigation Systems 

INTRODUCTION 

Background of the project 

Exploitation of groundwater for agricultural, municipal and industrial uses is severely hampered in many 

parts of the world by the encroachment of brackish groundwater in response to fresh water withdrawals. 

Examples of brackish groundwater intrusion are common in coastal aquifers, but are sometimes present 

in inland aquifers as well. Probably, the most important example of the latter case exists in the Indus 

Basin Irrigation System (IBIS). The IBIS has caused disruption of hydraulic regime due to seepage from 

extensive water conveyance and distribution system, as well as deep percolation from irrigation and 

precipitation. The native groundwater that existed in the pre-irrigation period (early 19th century) was 

salty because of the underlying geologic formation being of marine origin. Now, this native salty 

groundwater is overlain by fresh groundwater due to seepage from rivers and canals of the IBIS. Thus, 

shallow fresh groundwater zone occurs between the native pre-irrigation and the present day water 

tables. 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the native 

groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow groundwater 

zone ranges from less than 60 m along the margins of Doabs (area enclosed between two rivers) to 30 m 

or less in the lower or central parts of Doabs. Recently, it has been estimated that nearly 200 billion m3 of 

fresh groundwater (mostly in the form of a thin layer) is lying on salty groundwater. Obviously, if proper 

technology is applied, the referred thin fresh groundwater layer can be skimmed from the aquifer with 

minimum disturbance of the salty groundwater zone. In the short irrigation water supply environment of 

Pakistan, such extractions would become a significant part of supplemental irrigation. 

The explosion of pumping technology in the private sector, high capacity tubewells of more than 28 lps 

discharge are being installed even in the thin fresh groundwater zones. Framers are normally interested 

to install tubewells of higher discharges to have efficient basin irrigation by reducing the advance time of 

water front. This can be regarded as a psychological issue rather than based on techno-economics of 

tubewells or physical conditions of the aquifer. The discharge of skimming wells might be as low as 3 lps 

and thus pressurized irrigation technology is necessary for efficient application of smaller stream size. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from the salty 

groundwater. The primary problem is that the tubewell discharges are too large for the given physical 

situation of the aquifer. This is particularly true for the tubewells located in the central regions of Doabs in 

the Punjab province of Pakistan. The exception would be tubewells located adjacent to rivers and large 

canals where large quantities of seepage are recharging the groundwater reservoir. 
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Thus, if such tubewells are not replaced with fractional skimming wells, there is a serious concern that the 

pumped groundwater will become increasingly salty with time. Already, many high capacity public 

tubewells are being shutdown at the request of farmers in these areas, as the pumped water has become 

salty (saline, saline-sodic or sodic) with time. In addition, there is a high expectation that many private 

tubewells will have to be abandoned during the next coming years. Therefore, it is imperative to introduce 

fractional skimming well and pressurized irrigation technology to address these future concerns. 

Taking into consideration the vital importance and urgent need for developing skimming wells and 

pressurized irrigation technology, a tripartite institutional arrangement (Water Resources Research 

Institute, NARC; Mona Reclamation Experimental Project, Bhalwal and the International Water 

Management Institute) was developed to initiate a collaborative project entitled "Root Zone Salinity 

Management using Skimming Wells and Pressurized Irrigation Systems". The project was financed by 

WAPDA under the National Drainage Program and initiated in the Target Area at the Mona Reclamation 

Experimental Project, Bhalwal during November 1998. 

Objectives of the project component 

The project objectives are to: 

 Identify and test limited number of promising technologies of fractional skimming well in the 

shallow fresh groundwater aquifers, which could control the salty groundwater up-coning 

phenomenon as a consequence of pumping; 

 Encourage and support in-country manufacturers to develop low-cost pressurized irrigation 

application systems adaptable within the local setting of Pakistan; and 

 Implement irrigation scheduling program aimed at root zone salinity management with skimmed 

fresh (in relative sense) water applied by pressurized irrigation application systems. 

Based on the project objectives, the WRRI-NARC was assigned to conduct research on skimming 

dugwells and pressurized irrigation systems. After finalizing the methodological studies, the dugwell and 

Raingun sprinkler irrigation study was conducted initially at the Phularwan Experimental Farm of the 

MREP, Bhalwal. The activities initiated were: 

 Renovation of the existing skimming dugwell located at the Phularwan Farm and installation of 

the electric and diesel powered prime movers; 

 Hydraulics of the skimming dugwell; 

 Design and layout of the Raingun sprinkler irrigation system and hydraulics study; and 

 Conceptual framework for design and operation of irrigation systems. 
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DUGWELLS 

Traditional dugwells 

A dugwell consists of a pit dug to the aquifer or to the material where permeability is reasonable. The pit 

is often lined with masonry or pre-cast concrete rings to support excavation. Due to difficulty in digging 

below the water level, dugwells normally do not penetrate in the zone of saturation to a depth sufficient to 

produce high yield (Zuberi and Mc Whorter 1973). 

Dugwells have been used for thousands of years but have become less popular with the advent of 

tubewells (Gibson and Singer 1969). The dugwells are usually shallow wells, generally less than 15 m in 

depth and several meters in diameter. In the past they were usually constructed by hand, and even today 

in many areas this is the principal method of construction (Israelsen and Hansen 1962; Koegel 1977). 

Today, interest in dugwells is reviving, and they still hold much promise for arid lands. Modern materials, 

tools, and equipment may transform crude holes in the ground, hosts for parasitic and bacterial diseases, 

in to more safe, soundly engineered, hygienic, and reliable sources of water (Wagner and Lanoix 1959; 

Cembrowicz 1984). Dugwells are inexpensive and easy to construct and maintain by fairly unskilled 

labour. They provide storage for water, as well as a source (NAS 1974). 

The well penetration depth and diameter are the main design parameters that influence the performance 

of the dugwell. The rate of pumping is much less responsive to changes in well diameter as compared to 

the changes in well penetration depth. It means that in a given aquifer, the well wetted perimeter has less 

contribution in increasing the yield of a dugwell as compared to the hydraulic gradient that exists between 

the water surface in the well and in the surrounding groundwater (Koegel 1977). Thus, the well 

penetration depth in relation to the aquifer characteristics is one of the important design parameter to 

achieve higher discharge rates.  

Dugwells can be sunk only a few meters below the water table. This seriously limits the drawdown that 

can be imposed during pumping, which in turn limits the yield of the well. A dugwell that taps a highly 

permeable formation such as gravel may yield 0.6 to 2 lps or even more in some situations with only less 

than a meter drawdown. If the formation is primarily fine sand, the yield may be less than 0.6 lps. 

Because of their shallow penetration in to the zone of saturation, many dugwells fail in times of drought 

when the water level recedes or when large quantities of water are pumped from the wells (USDEW 

1963). 

In Afghanistan, Pakistan and India, dugwells are being seriously reconsidered (GOI 1962; NAS 1974). 

Since the use of rock drills became common, many existing dugwells have been deepened by digging 

from formations that had blocked previous equipment. In the last 25 years, Pakistan and India has also 

improved many dugwells solely by adding pumps. Powered by diesel engines or electric motors, 

inexpensive centrifugal or turbine pumps, installed on platforms 1-2 m above the water level, boost the 
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water up to ground level. Suitable pumps are now made in many developing countries, including India 

and Pakistan. 

Dugwells have contributed significantly in the rural development programmes of the Barani and arid 

regions of Pakistan, India and Sri Lanka. In Pakistan, several hundreds of dugwells were installed by the 

Second Barani Area Development Programme to provide water for rural communities to raise high value 

crops. The On-going Village Development Programme has also included dugwells as one of the 

interventions. The project review had revealed that dugwell was one of the most promising intervention in 

the target area (ABAD 1998). In Madhya Pradesh, India, dugwell was one of the interventions of the 

integrated rural development programme, which helped the rural communities in raising their livelihood 

(NBARD 1994). In Sri Lanka, the Agrowell Program was aimed to provide support to farmers to construct 

dugwells in the intermediate and dry regions of the country. There were serious concerns for the 

sustainability of dugwells based on aquifer characteristics and profitability of the cropping patterns (IIMI 

1994). 

Types of dugwells in Pakistan 

Dugwells in Pakistan are open wells drawing their water mostly from shallow unconfined aquifers. The 

two common types of dugwells are: a) those located in consolidated formations (hard rock areas); and b) 

those located in unconsolidated formations (Ahmad 1976). 

The consolidated underground formations usually known as hard rock areas are normally outside the 

Indus basin especially in the sub-mountainous and mountainous regions. The shallow groundwater 

reservoir is the only source of limited supplies of groundwater in these areas, in the absence of any 

deeper aquifers. The aquifer is dependent on precipitation for recharge and as such water table is prone 

to considerable fluctuations in relation to the incidence of rainfall. Due to poor permeability of 

consolidated formations, bore dugwells or tubewells are usually unsuitable in such formations. It is 

therefore, desirable in such formations to have dugwells capable of storing fairly large supplies of water 

during a given period. Thus, the available supplies of water can be obtained at small drawdown in 

relatively short periods, thereby allowing for sufficient recuperation periods between successive periods of 

pumping. Dugwells also expose a greater surface even of the aquifer for infiltration. 

Dugwells in the Indus basin are normally constructed in unconsolidated formations. The depth is normally 

5 to 10 m below the static water level and dug in the dry period. The open excavation is usually circular in 

shape, the diameter varying from 1.5 to 4.5 m. The well in general derive their water from unconfined 

aquifers. Their large diameters permit the storage of large quantities of water.  

Dugwells in unconsolidated formations are usually provided with lining to prevent cave in of the walls. The 

common materials used for lining are brick, stones laid in cement mortar or pre-cast concrete rings. To 

make the design safe in case of drought, it is assumed that the well is empty and there is no internal 

pressure acting on it. 
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Hybrid wells 

In Pakistan number of farmers have combined the dugwell concept with drilled bore, and such wells are 

named as dug-bore wells. These wells are of two types. The first type of dug-bore well consists of a 

drilled bore in the centre of the working dugwell, where both dugwell and bore contribute towards 

recharge. The second type of dugpit-bore well consists of a dug pit almost 1-2 m above the static water 

level and then bore is drilled to have an access to the aquifer. In this type of well only bore contributes for 

water, as pumping system is installed in the dug pit. The purpose is to reduce the suction lift of centrifugal 

pumps to keep the pumping cost as low as possible. Therefore, this type of well can be regarded as bore-

well because the pit is dug purely for the purpose of reducing the suction lift.  

The bore drilled inside the working dugwell where both the dugwell and bore contribute towards recharge 

fulfils the definition of the hybrid well.  

The dugpit-bore system was adopted in India in early 70s, where farmers were drilling one or more bores 

inside their dugpits to modify these for getting higher discharges (20-24 lps). Generally, these bores had a 

depth ranging from 15-30 m, and centrifugal pump was major mode of extraction. However, this kind of 

modification reduced the life of the well from 15-20 years to only 5-7 years (Nagaraj 1994; Nagaraj et al 

1999). This type of well is subjected to continuous lowering of bores with the lowering of water table. The 

WRRI-NARC has recently conducted some field surveys in the Toba Take Singh area, where farmers are 

lowering the bores after every 4-5 years or even earlier in the un-commanded area. Most of the time 

farmers have to abandon the dugpit-bore well for purpose of lowering and they prefer to dug the pit and 

drill the bore at a new site. 

Advantages of dugwells 

In Pakistan, dugwells are still used even after the explosion of the low-cost tubewell technology in the 

country, because tubewells are not feasible for areas where only shallow groundwater is available due to 

limited deep aquifer and/or quality concerns. 

Dugwell is the most efficient system of pumping thin layer of fresh groundwater overlain the brackish 

groundwater in the Indus basin. The depth of the dugwell can be kept less than the depth to the interface 

of the fresh and brackish groundwater zones. This depth is normally less than 15 m in major part of the 

Punjab province having marginal to brackish deep groundwater. The depth of fresh groundwater is very 

thin in the Sindh province, where tubewells cannot be used for skimming of fresh groundwater. 

Disadvantages of Dugwells 

Dugwells, however, do have distinct limitations (NAS 1974), which are listed as under: 

 They can not be used to reach groundwater deeper than 20-30 m; 

 Their water production is usually low; and  
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 Well-digging technology is understood and used in most countries, but the art of lining has 

regressed, and there is an important need for improved linings. 

The liner protects against caving and collapse and prevents polluted surface water from entering the well. 

The main problem is lining the walls below the level of the water table. Another need is for safer, more 

rapid, more efficient digging techniques (NAS 1974).  

Skimming dugwells 

The extraction of fresh groundwater from an aquifer is desired to be at minimal cost. Furthermore, such 

extractions should not exhaust or ruin this groundwater resource for future use. Similarly, local customs 

and traditions for extracting groundwater should be given full consideration. In this context, dugwell may 

provide a simple, cost-effective, and traditionally familiar option as compared to other potential options for 

skimming fresh groundwater from fresh and brackish groundwater aquifers (Zuberi and McWhorter 1973). 

Skimming dugwells provide the only source of fresh groundwater in areas like Sindh province, brackish 

groundwater zone in the Punjab, NWFP and Balochistan provinces, where thickness of fresh groundwater 

is less than 15 m. In these areas tubewells cannot provide fresh groundwater because the deep 

groundwater is brackish and the salinity ranges between 1500-4000 ppm. Furthermore, the dugwells can 

also provide an effective way of managing waterlogged areas, where concept of horizontal galleries or 

radial well points can be introduced to increase the recharge rate. WRRI-NARC has tested the concept of 

horizontal galleries at the Tropical Plants Introduction Centre, Karachi, to increase the yield of fresh 

groundwater.  

Northwest India has large areas of land under irrigation from the Bhakra and Yamuna canal systems, but 

these areas are under severe constraints of low surface slopes, ineffective subsurface drainage and 

rising water table. Drainage options (subsurface drainage or skimming wells) are being considered for 

areas with shallow groundwater. Hybrid Eucalyptus with shallow rooting depth and varying water uptake 

levels is being considered as a biological management drainage measure and additional source of 

income (Diwan 1997). 

SPRINKLER IRRIGATION SYSTEMS 

Sprinkler irrigation technology 

Irrigation is often designed to maximise efficiency and minimise the labour and capital requirements of a 

particular irrigation system and, at the same time, maintain a favourable growing environment for the 

crop. Some managerial input are dependent on the type of irrigation system and the design of the system. 

For example, the degree of automation, the type of system, soil type, topographical variation and 

management tools can influence the managerial decisions. The management decisions, which are 

common to all sprinkler systems, regardless of the types, are the frequency of irrigation, depth of water to 
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be applied, and measures to increase the uniformity of application. In addition, individual sprinkler 

systems can be manipulated to greatly increase application efficiencies. 

In recent years, irrigation scheduling services have helped the farm manager with decisions on how much 

to apply and how frequently. Irrigation practices such as pre-irrigation (Rauni) before planting, irrigation to 

ensure emergence or the length of time per sprinkler set, are managerial inputs which influence water use 

efficiency over the season 

Advantages of sprinkler irrigation  

Sprinkler irrigation systems are recommended and used on practically all types of soil, topographic 

conditions, and on almost all kinds of crops. Its flexibility and efficient water control has permitted a wider 

range of soils to be irrigated that have surface water application methods, thereby allowing more land to 

be classed as irrigable. As a direct result, thousands of hectares of land in the United States, which was 

previously suitable only for dryland farming or as wasteland, is being irrigated today with high yield. This 

is particularly evident in eastern Colorado, Western Nebraska and Kansas. Similar beginning is already 

made in the Pothwar plateau to provide supplemental irrigation to Barani lands. 

Stream size required for sprinkler irrigation is much less than to the surface irrigation. The locally 

manufactured Raingun Sprinkler Systems can be used with discharge of even less than 3 lps, whereas at 

least 14 lps are required for surface irrigation to a field size of around 0.26 ha. Therefore, smaller 

discharges of dugwells can be applied efficiently using sprinkler irrigation. Furthermore, application of net 

irrigation is possible even to replenish one-day requirement of 1-5 mm in contrast to surface irrigation 

where at least 75 mm are required to cover the field. Even in surface irrigation, it is not possible to apply 

75 mm at the time of first irrigation where the land is tilled and infiltration if higher. The advance time for 

the first irrigation is quite large compared to the subsequent irrigation. 

On some saline soils, as in the Imperial Valley of California, sprinklers are recommended for better 

leaching and crop germination. Sprinklers are especially desirable where soils have a high permeability 

and/or low water holding capacity. Sprinklers can offer distinct advantages over other irrigation methods 

in dense soils with low permeability. In areas where labour and water costs are high, sprinklers can be the 

most economical way to apply water. In many cases, sprinklers have shown increase in yield, such as in 

the fresh vegetables and fruits where colour and quality are very important.  

One of the advantages of sprinkler irrigation is to attain higher uniformity in leaching of salts even with 

light irrigation. In the imperial Valley of California on a silt-loam soil, a depth of 1100 mm of water was 

required for continuous flooding to achieve the same degree of reclamation as did 720 mm applied 

intermittently (Oster et al., 1972). In Israel and sometime in the US, leaching has done by sprinkling. The 

advantage of sprinkler irrigation over flooding is that water can be applied at a rate less than the soil 

infiltration rate, thereby avoiding ponding. In a field experiment on a silt-clay soil classified as moderately 

alkali and high in salts, Nielsen et al. (1965) found that 260 mm of water applied intermittently by 
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sprinkling reduced the salt contents of the upper 0.6 m of the profile to the same degree as 750 mm 

applied by continuous flooding. This shows that water required for reclamation was reduced to one-third 

with sprinkler irrigation compared to the surface irrigation. 

Sprinklers often have multiple uses. The same equipment can be used for irrigation, crop cooling, frost 

control, and the application of pesticides, herbicides and fertilisers. In addition, modern farming practices, 

which require large equipment and large fields for economical farming operations are easily irrigated by 

sprinklers, with no reduction in efficiency. Many areas in the United States, which annually receive more 

than enough precipitation to satisfy crop requirements, are installing supplemental irrigation systems. This 

is due to the fact that usually there is no rain at exactly the right time in the required quantity. A timely 

irrigation at a critical crop growth stage, applying only a few centimetres of water, can offer more than 

double yield. 

Disadvantages of sprinkler irrigation 

Sprinklers, like most physical systems, do have disadvantages. Damage to some crops has been 

observed when poor quality irrigation water is applied to the foliage by sprinklers. Poor quality water can 

leave undesirable deposits or colouring on the leaves or fruit of the crop. Sprinklers are also capable of 

increasing the incidence of certain crop diseases such as fire blight in pears, fungi or foliar bacteria. A 

major disadvantage of sprinklers is the relatively high cost, especially for solid-set systems, in comparison 

to surface irrigation methods. When gravity cannot supply sufficient head to operate the system, 

sprinklers can require large amount of energy to supply the necessary pressure. The advantages and 

disadvantages of sprinkler systems must be assessed economically with other irrigation methods. 

Likewise, individual types of sprinkler systems should be compared to one another. 

PIPELINE HYDRAULICS AND DESIGN EQUATIONS FOR SPRINKLER IRRIGATION SYSTEMS 

Basic system hydraulics 

The sprinkler irrigation system designer has two principal hydraulic problems: 1) evaluation of pipe flow 

without multiple outlets (mains, submains, and auxiliaries); and 2) evaluation of pipe flow with multiple 

outlets (laterals and manifolds). The basis for design will be the selection of pipe sizes such that energy 

losses do not exceed prescribed limits ensuring that efficiency and uniformity will be high. 

Fundamental flow equations 

The flow of water in pipes is always accompanied by a loss of pressure head due to friction. The 

magnitude of the loss depends on the interior roughness of the pipe walls, the diameter of the pipe, the 

viscosity of the water, and the flow velocity. These factors are lumped into friction coefficients based on 

experimental data. 
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There are several common equations for computing headloss in pipelines. Probably the most commonly 

used equation in irrigation calculations is the Hazen - Williams formula: 

87.4852.1

*
D

L

C

Q
Kh f

 (1) 

in which, 

K = 1.21 x 1010; 

Q = Pipeline discharge, lps; 

C = Friction coefficient for continuous pipe sections, 120-140 for plastic 

manifolds and laterals, 140-150 for main lines without discharging 

outlets; 

D = Inside diameter, mm; 

L = Pipeline length, m; and 

hf = Frictional head loss, m. 

The Hazen-William equation substantially under estimate friction losses when the Reynolds number 

approaches the laminar range of values. A more correct equation is the Darcy-Weisbach: 

gD

LV
fh f

2*

2

 (2) 

Where, 

L = Pipe length, m; 

D = Pipe diameter, m 

V = Average flow velocity, m/sec; 

g = Gravitational constant, 9.81 m/sec
2
; and 

f = Frictional factor. 

The friction coefficient, f, is determined as a function of the Reynolds Number and the relative roughness 

of the pipe. The Reynolds Number can be calculated using: 

D

Q
Re *10*26.1 6

 (3) 

in which; 

Re = Reynolds Number; 
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Q = Pipe discharge, lps; and 

D = Inside pipe diameter, mm. 

Then the value of f is determined as follows: 

f = (64/ Re) for Re < 2100   (4) 

f = 0.04 2100 < Re < 3000  (5) 

f = (0.32/Re
0.25

) 3000 < Re < 105 (6) 

f = (0.13/ Re
0.172

) 105 < Re < 107  (7) 

Substitution of Eqns. 4, 5, 6 and 7 into (2) resulted into simplified expression. 

hf = (Ai * Q
mi

 * L)/ D
Pi    

(8) 

The values of I, Ai, Pi and R are presented in Table 1. 

mi = Pi – 3     (9) 

Friction losses are also induced in the pipelines due to fittings, bends, changes in cross-sectional area, 

and entrances. These are generally evaluated as a function of velocity head in the pipe as follows: 

hf' = KF (V
2
 /2g)    (10) 

The values of KF are presented in Annex. I. 

Table 1. Values of I, Ai, Pi and R. 

I Ai Pi R 

1 4.1969*103 4.0 Re < 2100 

2 3.3051*106 5.0 2100 < Re < 3000 

3 7.8918*105 4.75 3000 < Re < 105 

4 9.5896*105 4.828 105 < Re < 107 

C=140 for Hazen W. 1.283x106 4.852 105 < Re < 107 

 

Headloss in pipes with multiple, equally spaced outlets 

The flow of water in a pipe having multiple, equally spaced outlets will have less headloss than a similar 

pipe transmitting the entire flow over its length because the flow steadily diminishes each time an outlet is 

passed. Computations start from the distal outlet. Christiansen developed the concept of a "F factor" 

which accounts for the effect of the outlets. When the first outlet is one outlet spacing from the lateral or 

manifold inlet: 

F = (1/m+1) + (1/2N) + {(m-1)
0.5

/(6N
2
)} (11) 

in which, 
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F = fraction of the headloss under constant discharge conditions expected with the multiple 

outlet case; 

m = 1.85 for Hazren-Williams equation; 

mi = 2.0 for the Darcy-Weisbach equation; and 

N = number of outlets along the pipe. 

For situation where first outlet is only one-half the spacing from the inlet and. 

F' = {2N/(2N-1)}* F – {1/(2N-1)} (12) 

The pressure headloss in the pipe having multiple outlets is found by computing the headloss using the 

inlet discharge and then multiplying this value by F or F'. 

Pressure distribution assuming constant outlet flow 

The flow conditions in lateral and manifold lines are generally steady and spatially varied, with decreasing 

discharge along the line. The discharge at any point along the pipe can be expressed. 

QL = {(N - (L/Ss)} * q   (13) 

L = N * Ss    (14) 

QL = {(q/Ss)*(L - L')}   (15) 

in which, 

QL = pipe discharge at a particular point, lps; 

L' = distance measured from the inlet end, m; 

Ss = sprinkler spacing, m; 

N = total number of sprinklers along the pipe; and 

q = sprinkler discharge, lps. 

The pressure distribution in the lateral or manifold can be described in terms of the pressure at a distance 

L' meter from the pipe inlet. 

HL = H1 - RL hf + {(Z1 - Z2)*(L'/L)} (16) 

where, 

H1 = pressure at the inlet, m; 

Z1, Z2 = elevation at the pipe, inlet and its distal end, respectively, m; 

RL = friction drop ratio; 

L' = any point distance from inlet, and 
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hf = total headloss in pipe. 

Hf = {(aL * aL
Pi-2 

)/(Pi-2) }  (17) 

a = {Ai * (q/Ss)
Pi-3

}/(D
Pi

)  (18) 

RL = 1 – {(L-L')/L}
Pi-2

   (19) 

Friction loss in pipes with multiple diameters 

It is often possible to design irrigation pipelines with two or more diameters in order to achieve a desired 

headloss in the pipe network. 

Consider a pipeline of length L consisting of two pipe diameters, DL and Ds, representing large and small 

pipes, respectively. Large pipe always at the upstream of the small pipe. 

L = LL + Ls    (20) 

NL = LL/(Ss)    (21) 

Ns = Ls/Ss      (22) 

The procedure for calculating the headloss utilizes equations (2) and (12) as follows: 

a) Calculate the headloss for the flow in the smaller pipe: 

(hf)s = hf (Ds, Qs, Ls). F (Ns, m) (23) 

b) Calculate the headloss for the flow of the small pipe but in the large diameter pipe: 

(hf)L' = hf * {(DL, Qs, Ls)} * {F*(Ns, m)} (24) 

c) Calculate the headloss for the inlet flow to the large pipe having a length equal to L: 

(hf)L = hf {(DL, Q, L)}* {F * (N, m)} (25) 

d) Then, the total pressure headloss is: 

hf = (hf)s - (hf)L' + (hf)L  (26) 

Sprinkler system design equations 

Sprinkler system design is somewhat of an iterative procedure in which successive adjustments to the 

design may be made to correct a deficiency that may show up in checking the designs. There will be 

several alternative designs that will satisfy the field criteria. 

The capacity of the sprinkler system is based on the 10-day average peak demand. At each irrigation, the 

gross depth to apply is given as: 

Da = f *(TAW)/Ea   (27) 

Where 

Da = gross average water application, mm; 
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f = allowable soil moisture depletion expressed as a fraction; 

TAW = total available soil moisture in the root zone, mm; and 

Ea = application efficiency expressed as a fraction. 

The frequency with which this depth must be applied is: 

Ii = f. * TAW/(Et)    (28) 

in which 

Ii = irrigation interval in days; and 

Et = design Et rate, mm/day. 

For stationary sprinkler systems, the sprinkler application rate can be determined by: 

D = {(Da * N') /(Ii * Td)} = {(N' * Et)/(Ea * Td)} (29) 

Where 

D = average application rate, mm/hr; 

N' = number of sets per irrigation; and 

Td = number of hours per day the system operates. 

The Kostiakov infiltration function is described as: 

Z = a T
b
     (30) 

Where 

Z = cumulative infiltration, mm; 

T = hours since infiltration begins; and 

a,b = empirical functions 

The total number of sprinkler in operation at one time, Ns, should be limited by: 

Ns = QL/qs     (31) 

Where 

QL = discharge of manifold or lateral line, lps; 

qs = sprinkler discharge, lps; and 

Ns = number of sprinklers. 
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APPLICATION AND DESIGN OF RAINGUN SPRINKLER IRRIGATION SYSTEMS 

Sprinkler irrigation in Pakistan 

Sprinkler irrigation is being introduced in several demonstration plots in the country. Furthermore, 

progressive farmers are importing sophisticated systems such as centre pivots and linear move sprinkler 

machines. 

The conventional sprinkler irrigation systems are capital intensive. Therefore, some modifications are 

needed to suit the socio-economic conditions and physical requirements in Pakistan. The sprinkler 

system can be used with gravity flow where hydraulic head is available which will reduce the initial cost. 

Such locations are available in Northern Areas, NWFP and Balochistan. Furthermore, these systems are 

suitable for areas where streamsize is very small and surface irrigation is not possible. Such locations are 

available in areas having limited well yields in mountainous and Barani regions and in the Indus basin 

having very thin layer of fresh groundwater. 

The sprinkler irrigation system can be easily introduced for high value vegetables and fruits in areas 

where either value of water is high or problem soils. Later on, the system can be extended to field crops if 

the economic conditions permit its installation. The recommended systems for various physical, social 

and economic conditions are presented in Table 2. 

Table 2. Recommended low-cost Chinese raingun sprinkler systems for various physical and socio-

economic conditions in Pakistan. 

Farm Size (ha) Raingun Model Working Pressure (m) Prime Mover Area Coverage per Setting (ha) 

1 PY1-20 40 Electric/Diesel 0.16 

2 PY1-30* 40 Electric/Diesel 0.26 

4 PY1-40 45 Electric/Diesel 0.40 

6 PY1-50* 50 Electric/Diesel 0.56 

8 PY1-60 60 Electric/Diesel 0.73 

10 PY1-60 60 Electric/Diesel/PTO 0.84 

12 PY1-80 70 PTO Driven 1.00 

20 PY1-80 80 PTO Driven 1.52 

* Locally manufactured models in Pakistan. 

 
Most of the system components of solid-set, hand move and raingun sprinklers have been successfully 

manufactured in Pakistan, except the cost effective aluminium pipes would need to be imported. 

The Water Resources Research Institute of the, National Agricultural Research Centre, Islamabad in 

collaboration with MECO Pvt. Ltd., Lahore developed a complete range of raingun sprinkler systems 

using locally available materials and technology. The high pressure low density polyethylene pipes with 

black carbon and UV stabilizers were produced in collaboration with Griffon Industrial Corporation, 
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Lahore. These are now available in 13, 25, 50, 75 and 100 mm diameter which can be used for pressures 

upto 84 m. In the near future, other low pressure systems will also be developed. The estimated installed 

cost of portable raingun sprinkler system is in the range of Rs. 15000-25000 per ha for a system of atleast 

4 ha using diesel operated pumping system. The cost of electric operated systems is in the range of Rs. 

10,000-20,000 per ha for a system of 2 ha or more. 

Application of raingun sprinkler systems 

Barani Areas 

The Raingun sprinkler irrigation system was initially designed to provide irrigation in areas where surface 

irrigation was either not possible or huge investments were required for land forming. In Barani areas, the 

yields of major crops are 30-50% of the national average yields mainly because of drought and lack of 

available moisture at critical crop growth stages. The planting of crops is normally delayed due to lack of 

moisture and farmers do wait for rainfall. The plant population is also low due to non-uniform and 

inadequate moisture in unlevelled fields. In certain areas, the crop failures are also common, if dry spells 

are prolonged. 

Considering problems of low crop yield and low cropping intensity, there was a need to introduce 

supplemental or life saving irrigation in areas where water is available. Water is available through 

dugwells, tubewells, mini/small dams, lakes and nullahs. The streamsize is normally small between 3-7 

lps in most of the areas. At present, there are around 24 small and 94 mini dams in the Punjab Barani 

tract. But due to non-availability of an appropriate irrigation system, only 30 and 10% of the deigned 

command area of small and mini dams, respectively, have been developed for surface irrigation. 

Some farmers are practicing lift irrigation. But due to insufficient engineering and scientific support 

available for land forming farmers are facing difficulty to form their lands for surface irrigation. The only 

option left for these areas is to use sprinkler irrigation because water is of high value in these areas. 

Therefore, the need arise to reduce irrigation input because operational cost of sprinkler irrigation will 

certainly increase cost of production. Therefore, it is important to efficiently use available rainfall with an 

objective to reduce irrigation input. This may require conjunctive use of rainfall and sprinkler irrigation with 

an objective to reduce the cost of production and optimise farmers' net return in Barani areas. 

Indus Basin Irrigated Agriculture 

The Raingun Sprinkler systems can also be used in the Indus basin for efficient application of smaller 

streamsize of even less than 3 lps pumped from the skimming wells. However, to minimise the input of 

groundwater and to maintain low cost of irrigation, it is necessary to integrate conjunctive use of rainfall, 

surface water and groundwater. The design and operation of irrigation systems will be based on the 

concept of management strategies considering the conjunctive water use.  
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Efficiency of pumping systems 

The efficiency of a pumping system depends on number of factors such as the pipe being too small in 

diameter or having many bends in the conveyance manifold. The most common error is to put the 

discharge of water considerably above the necessary level. The drive or coupling between pump and 

prime mover may not be an efficient. Frequently a pump and prime mover is mismatched so far power 

requirement is considered. Correct matching of pump, motor/engine and drive is very important for 

efficient utilization of energy, thus to bring down the irrigation operational cost. 

Efficiency will also be reduced by elevation, temperature, accessories, and continuous operation. The 

details of efficiency estimated for design purpose are given in Table 3. 

Table 3. Elements causes decrease in efficiency of pumping systems  

Parameters Decrease in Efficiency (%) 

Elevation from sea level, 1% for each 100 meters, assuming elevation of 
200 meters. 

2.0 

For each 6  operating air temperature above 16 C, decrease of 1% is 

encountered; assuming maximum temperature of 45 C. 

5.0 

For accessories, using heat exchangers. 5.0 

For continuous load operation  20.0 

Drive losses (0-15 %) for motor 5.0 

Drive losses (0-15 %) for engine 10.0 

Radiator Fan 5.0 

 
The overall efficiency for pumping systems recommended for sprinkler irrigation is as under. 

Electric motor operated systems = 60 % 
Diesel engine operated systems = 50 % 

The actual efficiency of locally made Chinese diesel engines based pumping systems ranges between 

25-40% compared to the recommended of 50% based on the testing made by the WRRI-NARC. Similarly, 

the low cost electric motor based pumping systems‘ efficiency ranges between 30-50% compared to the 

recommended efficiency of 60%. The energy efficient pimping systems are costly and beyond the reach 

of Pakistani farmers. These pumps with electric motors can provide efficiency of even up to 84%. The 

Jack pump being indigenized by the local industry in collaboration with the WRRI-NARC is the most 

efficient pump in the world. However, in future there will be much awareness and demand for having 

energy efficient pumping systems with the increase of electricity terrif and increase in fuel prices. 

Design of portable raingun sprinkler irrigation system 

Sprinkler Irrigation System for 2 ha Farm Size 

Raingun Type   = PY1 30 

Et Peak    = 5 mm/day 
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Peak Operation   = 10 hours 

Nozzle Size   = 12 mm 

Working Pressure  = 4 Kg/cm
2
 = 57 psi = 40 m 

Capacity   = 9.58 m
3
/hr = 2.74 lps 

Application   = 3.86 mm/hr 

Maximum Command Area = 0.26 ha 

at One Setting 

Radius    = 29 m 

Recommended Farm Size = 2.0 ha 

Maximum Pipe Length  = 175 m 

Head Loss in Pipe  = 5.2 m/100 m in 50 mm (2 inch) diameter pipe 

Total Head   = 40 + 10 + 9 = 59 meters 

Power Requirement 

For diesel engine operated system 
Q  = 2.8 lps 

H  = 59 m 

WPH  = 2.2 hp 

Engine HP = 4.4 

We may redesign the system based on 5 to 8 hp engines available in the market. 

Q  = 3.0 lps 

H   = 60 m 

WPH  = 2.5 hp 

Engine HP = 5.0 to 8 

For electric motor operated system. 
Q  = 3.0 lps 

H  = 60 m 

WPH  = 2.4 hp 

Motor HP = 4.0 to 5 
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The height of the sprayline under PY1-30 raingun sprinkler system is presented in Annex. II for varying 

pressure heads and nozzle sizes. 

The specifications for raingun and portable trolley mounted pumping system are presented in Figures 1 

and 2, respectively. The system can be used to irrigate area of upto 5 acres at the peak demand. The 

actual farm size may be even more if different crops are grown. The LDPE black carbon pipe is 

recommended for delivery and suction purpose. 

 
 
Figure 1. Schematic diagram of the raingun (Py1-30) (dimensions in mm).  
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Figure 2. Portable raingun (Py1-30) sprinkler irrigation system (dimensions in mm). 

 

Manufacturing specifications of raingun sprinklers 

Electric motor operated systems 

The WRRI-NARC has already developed production capability with MECO Pvt. Ltd. Lahore to utilize their 

available facility for manufacturing of mono-black or direct-coupled pumping systems for sprinkler 

irrigation. The manufacturing specifications recommended are: 

Raingun Py1-30 system for 2 ha farm size 
The specifications proposed are: 

Discharge of pump = 3.0 lps 

Pressure Head  = 60 meters 
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Motor Size  = 4.0 to 5.0 HP 

Delivery Pipe Diameter = 50 mm or 2 inch 

Diesel Engine Operated Systems 

WRRI-NARC has designed portable sprinkler irrigation systems using Chinese engine and MECO pumps. 

The MECO Pvt. Ltd. Lahore is now providing complete units. The detailed specifications of portable 

sprinkler pumping systems in respect of pump and engine size are: 

Diesel operated sprinkler irrigation portable system, multi-stage pump (as per requirement), pressure 

head and discharge (as per requirement) with desired size Chinese engine, installed on an adjustable 

trolley with 2 wheels and new tyres of 12 inch or desired rim size, 2 stands, towing hook, 6 m LDPE black 

carbon suction pipe with check valve, coupler at pump outlet with connection for desired size lateral 

flexible pipe and pressure gauge. All assembly work should be properly aligned, safe and pads should be 

used at engine and pump foundation to reduce vibrations. All couplings be leak proof. 

Raingun Py1- 30 System for 2 ha farm size 
The specifications proposed are: 

Discharge of pump = 3.0 lps 

Pressure Head  = 60 meters 

Engine Size  = 5.0 to 8.0 HP 

Delivery Pipe Diameter = 50 mm or 2 inch 

Layout of skimming dugwell and field experimental area 

The NDP financed project entitled ―Root Zone Salinity Management using Fractional Skimming Wells with 

Pressurized Irrigation‖ was implemented initially at the Mona Reclamation Experimental Project, Bhalwal, 

Sargodha, Pakistan. The potential project sites and interventions in the farmers' fields had to be selected 

after conducting reconnaissance surveys, GIS study of deep groundwater of SCARP tubewells in the 

Mona project, participatory rural appraisals and diagnostic analysis study. Therefore, it was decided to 

conduct the initial field experimentation at the Phularwan Farm of the Mona Reclamation Experimental 

Project, Bhalwal. 

The existing dugwell is located at the North corner of the Phularwan Farm. The layout of the farm and 

position of the dugwell is presented in Figure 3. It was an abandoned dugwell and filled with soil and other 

waste materials. Therefore, it was cleaned and renovated. The renovation also included some of the 

masonry work and plastering of walls and roof of the well above ground surface. The diameter of the well 

is around 3 m while depth of the well is 6.25 m from the ground surface. The maximum depth of water 

column was around 5 m. The schematic diagram of the dugwell is presented at Figure 4. 
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Figure 3. Layout of Phullarwan Farm and position of dugwell. 
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Figure 4. Schematic diagram of the dugwell. 

Installation of pumping systems 

An electric motor of 5 hp and a diesel engine of 8 hp were installed on the wooden platform of the 

dugwell. The suction line was connected both with diesel and electric pumping systems. These pumping 

systems were installed in such a way that each of the system could be operated independently. The 

diesel pumping system was installed so that data could be collected even during breakdown of electricity 

and thus reliability of the irrigation system could be improved. Furthermore, most of the farmers are 

interested in diesel operated systems rather the PRA indicated that 100 % tubewells in the selected 13 

villages were powered with diesel engines primarily due to the higher electricity terrif. 

Layout of raingun sprinkler irrigation system 

A 50 mm diameter polyethylene pipe was laid out at a depth of about 60 cm from the ground surface. 

Then it was covered with soil for its protection. The mainline was laid along the boundary of the two 

adjoining fields. The risers were installed in the centre of the fields to have facility for irrigation of each 

and every field. The length of the mainline was 200m and can irrigate three fields on either side. The size 

of the field is 33m x 66m.  



 23 

FINDINGS OF INITIAL FIELD EXPERIMENTATION 

Hydraulics of skimming dugwell 

Renovation of dugwell and installation of pumping systems 

Experimental well located at the Phularwan Farm was an abandoned dugwell. This well was selected for 

renovation, therefore after cleaning the well, water was pumped 4-5 times for development of the well.  

Both the diesel and electric powered pumping systems were designed for installation at the dugwell. 

Door, window and gate were installed at the well site for security measures. A wooden platform supported 

with steel frame was also constructed covering about half of the diameter of the dugwell.  

Quantity of Water 

A permanent benchmark was established at the platform of the skimming dugwell to be used as a 

reference point for hydraulic and other measurements. Measurements of depth to the static water level 

and depth of water column were made at least once a month to document variation in the dugwell. 

Volume of water available in the skimming dugwell was estimated by multiplying the cross-sectional area 

of the well with the depth of the water column at a particular time. 

Depth to the static water level in the skimming dugwell varied between 0.70 m to 1.98 m from the ground 

surface. This variation was not only due to the seasonal variations but also due to the pumping of water 

from the tubewell located adjacent to the dugwell. The tubewell operation had direct effect on the depth to 

the static water level and recharge rate of the dugwell. The average depth to static water level was 

around 1.38m from the ground surface (Table 4). 

The depth of water column varied from 4.30 m to 5.55 m in the skimming dugwell. The average depth of 

water column was 4.89 m. Quantity of water available in the skimming dugwell varied from 31.39 m
3 
to 

40.52 m
3
. Thus the average volume of water available in the skimming dugwell was around 35.7 m

3
. This 

quantity of water as a dead storage is sufficient to irrigate one ha area with a depth of 3.6 mm or 0.72 ha 

with a depth of 5 mm. A net peak demand of 5 mm is suitable for most of the crops in the Target Area. 

Table 4. Depth to static water level, depth of water column and volume of water in the skimming 

dugwell at the Phularwan Farm, MREP, Bhalwal. 

Date 
Depth to Static Water Level 

(m) 
Depth of Water Column 

(m) 
Volume (m

3
) 

September 15, 
1999 

1.95 4.30 31.39 

October 15, 1999 1.83 4.42 32.27 
November18, 1999 1.30 4.95 36.14 
December 16, 1999 1.01 5.24 38.25 
January 15, 2000 0.99 4.96 36.21 
February 16, 2000 0.70 5.55 40.52 
March 15, 2000 1.45 4.80 35.04 

Average 1.32 4.89 35.69 
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Quality of Water 

During the pumping tests conducted on around 15
th

 of each month, the groundwater samples were 

collected from different depths of the skimming dugwell using an interval of 0.5 m depth. These samples 

were analysed for pH and total dissolved solids (TDS).  

There was not much variation in the TDS of the groundwater at different depths of the skimming dugwell. 

There was a slight improvement in the TDS of the groundwater since the start of the dugwell operations in 

September. During September 1999, the TDS ranged from 1032 ppm to 1069 ppm, while these were 

decreased to 986 ppm to 997 ppm during the month of March 2000 (Table 5). The pH of groundwater did 

not change much with the increase in the depth of the skimming dugwell. Even it did not change much 

with time. It ranged from 7.2 to 7.8 (Table 5). 

Table 5. Quality of groundwater (in terms of TDS and pH) as a function of depth of the skimming 

dugwell and time at the Phularwan Farm, MREP, Bhalwal. 

Depth 
(m) 

Water Quality 

Sept., 99* Oct., 99 Nov., 99 Dec., 99 Feb., 2000 March, 2000 

TDS 
(ppm) 

pH 
TDS 

(ppm) 
pH 

TDS 
(ppm) 

pH 
TDS 

(ppm) 
PH 

TDS 
(ppm) 

pH 
TDS 

(ppm) 
pH 

0 1043 7.5 974 7.5 957 7.4 998 7.6 993 7.5 997 7.5 

0.5 1042 7.7 956 7.4 954 7.4 996 7.7 989 7.6 991 7.3 

1.0 1041 7.5 963 7.4 948 7.3 992 7.7 986 7.5 989 7.3 

1.5 1053 7.6 960 7.5 955 7.4 996 7.6 991 7.4 986 7.2 

2.0 1044 7.6 960 7.4 954 7.4 994 7.6 991 7.5 989 7.2 

2.5 1032 7.7 960 7.6 957 7.4 991 7.7 988 7.5 988 7.4 

3.0 1057 7.5 964 7.6 957 7.3 993 7.7 989 7.5 991 7.2 

3.5 1056 7.8   960 7.3 992 7.8 993 7.5 988 7.2 

4.0 1068 7.5   961 7.4 995 7.7 990 7.6 990 7.3 

4.5 1069 7.7   960 7.4 991 7.7 992 7.5 989 7.3 

5.0       993 7.9 992 7.4   

* Represents first systematic pumping after closure of dugwell in the past years. 

Recharge Rate 

Measurements for recharge were made after de-watering the well using the pumping system installed at 

the dugwell site, and then the rise in water level was measured as a function of time. An interval of one 

hour was used for these measurements. The cumulative recharge rate was estimated by dividing depth 

replenished with elapsed time since the start of the recharge. Measurements were made during the 

months of September 1999, October, January 2000, February and March. 

The depth of groundwater replenished in the skimming dugwell in the month of September indicated that 

the cumulative recharge rate was initially 0.48 m/hr, which was reduced to 0.40 m/hr after 4 hours. This 

was reduced to 0.30 m/hr after 9 hours. After 24 hours, it was reduced from 0.48 to 0.17 m/hr (Table 6). 
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Thus the cumulative recharge rate was reduced to one-third after 24 hours. Similar trend was observed in 

other months. 

Table 6. Depth of water replenished and recharge rate of the skimming dugwell at Phularwan Farm, 

MREP, Bhalwal. 

Month Time (hrs) Depth Replenished (m) Cumulative Recharge Rate (m/hr) 

September, 1999 1.00 0.48 0.48 

2.17 0.96 0.44 

3.00 1.25 0.42 

4.17 1.67 0.40 

5.00 1.85 0.37 

6.00 2.09 0.35 

7.00 2.32 0.33 

8.00 2.52 0.32 

9.00 2.70 0.30 

10.00 2.87 0.29 

11.00 3.02 0.27 

12.00 3.16 0.26 

13.00 3.28 0.25 

14.20 3.42 0.24 

15.00 3.50 0.23 

16.00 3.62 0.23 

17.00 3.69 0.22 

18.00 3.77 0.21 

19.28 3.88 0.20 

20.00 3.92 0.20 

21.00 3.97 0.19 

22.00 4.05 0.18 

23.00 4.07 0.18 

24.00 4.15 0.17 

25.00 4.18 0.17 

26.00 4.19 0.16 

October, 1999 1.00 0.42 0.42 

2.00 0.77 0.39 

3.00 1.09 0.36 

4.00 1.37 0.34 

5.00 1.60 0.32 

6.00 1.83 0.31 

7.00 2.03 0.29 

8.00 2.20 0.28 

13.50 2.95 0.22 

14.00 3.00 0.21 

15.00 3.11 0.21 

16.00 3.20 0.20 

January, 2000 0.50 0.16 0.32 

0.75 0.28 0.37 

17.33 3.27 0.19 

21.33 3.48 0.16 

February, 2000 1.00 0.28 0.28 

2.67 1.04 0.39 

4.42 1.59 0.36 



 26 

6.00 1.94 0.32 

8.42 2.40 0.29 

17.50 3.38 0.19 

March, 2000 1.00 0.36 0.36 

2.00 0.79 0.40 

3.00 1.12 0.37 

4.00 1.38 0.35 

5.00 1.69 0.34 

6.00 1.89 0.32 

7.00 2.12 0.30 

8.00 2.29 0.29 

9.00 2.49 0.28 

10.00 2.65 0.27 

11.00 2.79 0.25 

12.00 2.93 0.24 

13.00 3.07 0.24 

14.00 3.18 0.23 

 

Hydraulics of skimming dugwell with raingun sprinkler irrigation 

Electric operated Raingun (Py1-30) sprinkler irrigation system was used to determine depth of 

groundwater depleted in the skimming dugwell at the Phularwan Farm with respect to time. The 

groundwater depth was measured at an interval of 30 minutes of pumping. 

Depth of Water Depletion in Dugwell 

Raingun sprinkler system was used to evaluate the effect of pumping on the depletion of depth of water in 

the dugwell. The depth of water depleted in the skimming dugwell indicated that there was not much 

variation as a function of time. The minor variation was due to variation in the groundwater level of the 

skimming dugwell. Within 4-5 hours duration 3 to 4 m depth of water was depleted (Table 7). 

Table 7. Depth of water depleted in the skimming dugwell as a function of time using Raingun (Py1-30) 

sprinkler irrigation system at Phularwan Farm, MREP, Bhalwal. 

Time 
(hrs) 

Depth of Water level Depleted in the Skimming Dugwell (m) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5 0.61 0.50 0.59 0.59 0.63 0.64 0.56 

1.0 1.24 1.09 1.10 1.05 1.22 1.09 1.06 

1.5 1.73 1.62 1.51 1.51 1.70 1.54 1.51 

2.0 2.13 2.08 1.94 1.93 2.22 1.96 1.96 

2.5 2.56 2.49 2.29 2.23 2.56 2.35 2.31 

3.0 2.92 2.89 2.61 2.58 2.94 2.68 2.69 

3.5 3.20 3.22 2.93 2.87 3.30 3.00 2.97 

4.0 3.50 3.50 3.15 3.13 3.59 3.17 3.24 

4.5 3.78 3.78 3.40 3.34 3.84 3.49 3.35 

5.0 4.01 3.96 3.59 3.53 4.13 3.69 3.67 
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Discharge of Raingun Sprinkler 

A water meter was installed on the mainline of the Raingun (Py1-30) sprinkler irrigation system at the 

skimming dugwell. The water meter reading was recorded before operating the Raingun sprinkler 

irrigation system. Later on, the water meter readings were recorded after an interval of 30 minutes. The 

difference in readings gave volume of water passed in 30 minutes interval. The volume of water pumped 

per unit of time gave discharge of the skimming dugwell. The depth of water depleted in the dugwell, and 

discharge and pressure of Raingun system as a function of time were estimated. 

The discharge of Raingun sprinkler decreased with time due to the increase in suction head. The 

discharge received during the first 30 minutes of operation of the Raingun sprinkler ranged from 2.93 lps 

to 2.53 lps during the period of five months (Table 8). The Raingun discharge was reduced to around 2 

lps after 4.5 to 5 hours of pumping. Thus Raingun (Py1-30) sprinkler can be operated for 4.5 to 5 hours 

with discharge range of 2 to 3 lps. 

Table 8. Discharge of Raingun (Py1 - 30) sprinkler irrigation system using the skimming dugwell at the 

Phularwan Farm, MREP, Bhalwal. 

Time 
(hrs) 

Discharge of Raingun Sprinkler Irrigation System (lps) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5 2.93 2.76 2.53 2.74 2.73 2.61 2.57 

1.0 2.74 2.76 2.53 2.43 2.67 2.57 2.63 

1.5 2.61 2.69 2.50 2.43 2.61 2.51 2.44 

2.0 2.46 2.60 2.94 2.31 2.52 2.50 2.56 

2.5 2.32 2.47 1.69 2.33 2.39 2.34 2.35 

3.0 2.20 2.36 2.17 2.32 2.33 2.22 2.36 

3.5 2.01 2.30 2.11 2.02 2.26 2.17 1.96 

4.0 2.00 2.24 2.01 1.86 2.13 2.16 2.11 

4.5 1.97 2.18 1.98 1.88 2.09 2.05 2.19 

5.0 1.92 2.29 1.80 1.83 2.01 1.98 1.70 

 

Pressure of Raingun Sprinkler 

Pressure gauge was installed on the mainline of the Raingun sprinkler irrigation system installed at the 

Phularwan Farm, Bhalwal. The gauge readings were recorded after an interval of 30 minutes until the 

system was stopped due to either completion of irrigation or lowering of water level in the dugwell. 

The depth of water depleted in the dugwell, and discharge and pressure of Raingun sprinkler as a 

function of time were determined. The time interval of 30 minutes was kept during the operation of the 

Raingun. The purpose was to establish relationship between pressure and discharge of Raingun 

sprinklers as a function of time and depth of water level in the skimming dugwell. 
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The pressure decreased with the increase in suction lift of the pumping system. The pressure measured 

after an interval of 30 minutes ranged from 41 to 47 psi (Table 9). After pumping operation of 4 hours, the 

pressure ranged from 26 to 31 psi. After 5 hours of pumping operation of the Raingun, the pressure 

ranged from 18 to 26 psi. It means that the Raingun (Py1-30) can be operated for 4-5 hrs duration with a 

pressure range of 18 to 46 psi. The decrease in pressure with time was due to the increase in the suction 

head. 

Table 9. Pressure of Raingun (Py1-30) sprinkler irrigation system as a function of time at the Phularwan 

Farm, MREP, Bhalwal. 

Time 
(hrs) 

Pressure of Raingun Sprinkler Irrigation System (psi) 

Aug. 1999 Sep. 1999 Oct. 1999 Nov. 1999 Jan. 2000 Feb. 2000 Mar. 2000 

0.5  46.0 41.0 41 47 44 43 

1.0  44.0 37.0 39 45 42 40 

1.5  41.0 36.0 37 43 39 38 

2.0  39.0 36.0 35 40 37 36 

2.5  35.0 35.0 32 37 34 34 

3.0  33.0 32.0 30 35 33 31 

3.5  30.0 29.0 28 33 30 29 

4.0  28.0 26.0 26 31 28 27 

4.5  26.5 20.5 25 29 26 24 

5.0  24.0 18.0 23 26 24 22 

 

Pressure and Discharge Functions of Raingun Sprinkler System 

The depth of water level depleted, pressure and discharge of Raingun as a function of time were 

measured at 30 minutes interval at the skimming dugwell, Phularwan Farm (Table 10). After 5 hours of 

operation of the Raingun, the depth of water level depleted, and pressure and discharge of Raingun 

sprinkler were 3.8 m, 25.7 psi and 1.93 lps, respectively.  

Table 10. Depth of water depleted, pressure and discharge of Raingun (Py1 - 30) sprinkler irrigation 

system at the Phularwan Farm, MREP, Bhalwal. 

Time (hrs) Depth Depleted (m) Pressure (psi) Discharge (lps) 

0.5 0.59 43.57 2.70 

1.0 1.12 41.29 2.62 

1.5 1.59 39.00 2.54 

2.0 2.03 36.93 2.56 

2.5 2.40 37.00 2.27 

3.0 2.76 34.86 2.28 

3.5 3.07 32.36 2.12 

4.0 3.33 30.43 2.07 

4.5 3.57 28.00 2.05 

5.0 3.80 25.71 1.93 
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The Ringun sprinkler pressure and discharge were reduced with the increase in suction head (Figure 5 

and 6). The sudden decrease in discharge was observed with the decrease in pressure beyond 37 psi. At 

this pressure, the depth of water level depleted was about 2m. The pressure of Raingun sprinkler was 

decreased with the increase in depletion of the depth of water level. Depletion of 2m depth of water level 

in the dugwell occurred after about 2 hours of operation of Raingun sprinklers. The discharge of around 

2.5 lps was available at this depth of water level. The relationship between pressure and discharge of 

Raingun sprinkler at the skimming dugwell is presented in Figure 7. 

Volume of Water Pumped by the Raingun Sprinkler System 

While the Raingun sprinkler irrigation system was operated, the depletion of depth of groundwater in the 

skimming dugwell was measured after an interval of 30 minutes. The depth of water level depleted was 

multiplied by cross-sectional area of the well to determine volume of water pumped from the well. Thus 

the quantity of water pumped was determined at different depths of the water level in the skimming 

dugwell for different time duration. 

The volume of water pumped at different depths of water level depleted is presented in Table 11. The 

quantity of water pumped was increased with the increase in depletion of the depth of water level. After 4 

hours of operation of the Raingun, a depth of 3.33 m was depleted in the skimming dugwell while 24.32 

m
3
 volume of water was pumped for irrigation.  

Table 11. Relationship between volume of water pumped and depth of water level depleted using 

Raingun (Py1 - 30) Sprinkler irrigation system at the Phularwan Farm, MREP, Bhalwal. 

Time (hrs) Depth of Water Level Depleted in the Dugwell (m) Volume of Water Pumped (m
3
) 

0.5 0.59 4.31 

1.0 1.12 8.18 

1.5 1.59 11.61 

2.0 2.03 14.82 

2.5 2.40 17.53 

3.0 2.76 20.15 

3.5 3.07 22.42 

4.0 3.33 24.32 

4.5 3.57 26.07 

5.0 3.80 27.75 
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CONCEPTUAL FRAMEWORK FOR DESIGN AND OPERATION OF IRRIGATION APPLICATION SYSTEMS 

The essential elements of the conceptual framework for design and operation of irrigation systems are as 

under:  

 Design of pressurised irrigation system should be based on the concept of supplemental irrigation 

where objective would be to minimise the input of groundwater to maintain the profitability of 

irrigated agriculture. The first most important problem encountered by the farmer is the 

profitability of irrigated agriculture. The cost of tubewell irrigation is many-fold higher than the 

canal irrigation. Therefore, the groundwater based pressurised irrigation must be designed to 

reduce the operational cost of well irrigation. Therefore, the pressurised irrigation systems have to 

be seen in the context of complementing the existing canal irrigation systems. 

 Alongwith irrigation priority based on modified MAD, an economic priority should be assigned to 

various crops considering the value of the marketable product. Farmers are practising this 

strategy especially for the canal irrigation where a different priority is assigned to cereals, fodder 

and orchards. 

 Conjunctive water use should be a part of the irrigation scheduling framework where rainfall, 

surface water and groundwater must be considered. Irrigation scheduling criteria should be based 

on modified MAD, which helps to maximise the use of rainfall and canal water in order of priority, 

respectively. Groundwater use should be made when canal water is not available. 

 Dmin and Dmax limits for irrigation has to be defined both for canal irrigation and pressurised 

irrigation systems. The strategy of deficit irrigation helps to maximise the use of rainfall, whereas 

allowance has to be made for the quality of groundwater in terms of leaching fraction.  

 Sprinkler irrigation systems can also be used for other activities like crop cooling, frost control and 

foliar application of fertilisers and chemicals. Therefore, irrigation scheduling framework should 

consider fertigation concept instead of irrigation only.   

 The use of drip irrigation should be limited to orchards to keep the cost low. It is not economical to 

use drip irrigation for row crops and fodders. 

The IWMI is involved in preparing the framework for irrigation scheduling for pressurised irrigation. The 

above mentioned points should be considered while finalizing the framework. 
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Annex. I. VALUES OF THE COEFFICIENT ‘K’ FOR VARIOUS FITTINGS 

Fitting of Valve Nominal Diameter, mm 

76.2 101.6 127 152.4 177.8 203.2 254 

Bends: 

Return flanged 0.33 0.30 0.29 0.28 0.27 0.25 0.24 

Return screwed 0.80 0.70      

Elbows: 

Regular Flanged 90° 0.34 0.31 0.30 0.28 0.27 0.26 0.25 

Long radius flanged 90° 0.25 0.22 0.20 0.18 0.17 0.15 0.14 

Long radius flanged 45° 0.19 0.18 0.18 0.17 0.17 0.17 0.16 

Regular screwed 90° 0.80 0.70      

Long radius screwed 

90° 

0.30 0.23      

Regular screwed 45° 0.30 0.28      

Trees: 

Flanged line flow 0.16 0.14 0.13 0.12 0.11 0.10 0.09 

Flanged branch flow 0.73 0.68 0.65 0.60 0.58 0.56 0.52 

Screwed line flow 0.90 0.90      

Screwed branch line 1.20 1.10      

Valves 

Globe flanged 7.0 6.3 6.0 5.8 5.7 5.6 5.5 

Globe screwed 6.0 5.7      

Gate flanged 0.21 0.16 0.13 0.11 0.09 0.075 0.06 

Gate screwed 0.14 0.12      

Swing check flanged 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Swing check screwed 2.1 2.0      

Angle flanged 2.2 2.1 2.0 2.0 2.0 2.0 2.0 

Angle screwed 1.3 1.0      

Foot 0.80 0.80 0.80 0.80 08.0 08.0 0.80 

Strainers-basket type 1.25 1.05 0.95 0.85 0.80 0.75 0.67 
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Annexture-II. Height of Sprayline for Raingun Model Py1-30 
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Performance Evaluation of Locally Manufactured Raingun 

Sprinkler Irrigation Systems 

Rainguns are large rotary sprinklers similar in many ways to the small ones. They are usually 

mounted on three-leg stands, sledges or wheeled carriages, which can be adapted to suit the various 

furrow and row spacing and crop heights. They are of robust construction to withstand the large 

forces produced by the high discharge rates and operating pressures. They are of two types: a) 

swing-arm Raingun; and b) water-turbine Raingun. 

Economics of locally manufactured Raingun sprinkler irrigation systems must be seen from two 

standpoints. Firstly, these systems and innovative adaptations must be cost-effective in the existing 

framework of the farmers‘ investment capacity in terms of the capital investments. Secondly, these 

systems and innovative adaptations must be cost-effective in terms of water and energy efficiency. 

Two Raingun sprinkler irrigation systems were installed in the Mona SCARP area of Bhalwal, 

Sargodha having thin layer of fresh groundwater overlain by the brackish groundwater. There is 

shortage of fresh groundwater; therefore, farmers‘ are interested in conjunctive use of water (rainfall, 

canal water and groundwater). For this purpose, two farmers, in Chak #6ML and Thatti Noor villages 

were selected to install the skimming dugwells and Raingun sprinkler irrigation systems. 

The unit cost can be reduced by 28% by changing the design from complete irrigation to 

supplemental irrigation. The pressure variations in the two systems installed in the Mona SCARP was 

3-10%. The coefficient of uniformity of the Raingun varied between 78 to 91 % with pressure range of 

30-40 m and nozzle sizes of 6 to 12 mm diameter. The evenness of water distribution under sprinkler 

irrigation can be seriously affected by wind and operating pressure. To reduce the effect of wind, the 

setting distance of Raingun sprinklers can be brought closer together. Thus reasonably high value of 

uniformity coefficient can be obtained through overlapping by adjusting the space between two 

Raingun sprinklers. Overlapping of 25% is essential to have better uniformity in water distribution. 

Based on the performance evaluation of the Raingun sprinkler irrigation system it is necessary to 

develop standards for the manufacturers‘, so that they can use these standards as specifications for 

the manufacturing of Raingun sprinkler irrigation systems. Therefore, efforts should be made to 

minimize the pressure requirement to reduce the size of the pumping system leading to minimize the 

energy requirement. The layout of the Raingun sprinkler irrigation should be designed in such a way 

that the coefficient of uniformity is optimised. This would help to improve the water use efficiency. 
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INTRODUCTION 

Raingun Sprinkler Irrigation 

Rainguns are large rotary sprinklers similar in many ways to the small ones. They are usually 

mounted on three-leg stands, sledges or wheeled carriages, which can be adapted to suit the various 

furrow and row spacings and crop heights. They are of robust construction to withstand the large 

forces produced by the high discharge rates and operating pressures. They are of two types: a) 

swing-arm Raingun; and b) water-turbine Raingun.  

The swing-arm Raingun operates in a similar manner to the small rotary sprinkler. It rotates by means 

of a drive spoon on the end of a swing-arm, which is free to move up and down. The spoon is shaped 

so that water jet pushes the swing-arm downwards out of the flow. At the same time it is pushed 

sideways causing the Raingun to turn slightly. Once clear of the flow the swing arm is so balanced 

that it returns to interrupt the jet again. The Raingun then receives another sideways impulse. This 

action is repeated in a steady beating motion causing the Raingun to slowly rotate. The spoon also 

helps to breakup the water into fine droplets. The speed at which the Raingun rotates is controlled by 

the angle of the drive spoon and an adjustable friction brake. One complete revolution can take from 

2 to 5 minutes (Kay 1983). 

Rainguns can irrigate through a full circle but sector Rainguns that irrigate part of a circle are most 

common and preferred by farmers. When a sector Raingun reaches the end of its circular path it 

reverses rapidly again to the beginning. This is achieved by a series of smooth cams known as sector 

stops. When nearing the end of its path the cam roller rides on to the sector stop and engages the 

reversing arm from the jet. The Raingun is then set to start irrigation again. The positions of the sector 

stops are adjustable so that any size of circular arc can be irrigated (Kay 1983). 

A rapid return of the Raingun at the end of a sector avoids un-necessary wastage of water but can 

create problems by over-riding the disengaging stop. In order to produce a sprinkler pattern, which is 

symmetrical, the disengaging stop is sometimes positioned to allow for the inertia for the Raingun. 

However, the speed of the gun reversing action is adjustable and should be checked and reset if 

seen to be very forceful (Kay 1983). 

The water-turbine Raingun is similar in appearance to the swing-arm Raingun but moves in a smooth 

continuous manner rather than in a series of small jerks. This is because driven by small water 

turbine powered from the main jet or from a smaller nozzle close by. Rotation is achieved by means 

of a rack and pinion drive connected to the turbine through a small gearbox. The speed at which the 

Raingun rotates is controlled by the speed of the turbine wheel (Jensen 1981). 
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Locally Manufactured Raingun Sprinkler Irrigation Systems 

Sprinkler irrigation is being introduced in several demonstration plots in the country. Furthermore, 

progressive farmers have imported sophisticated systems such as centre pivots and linear move 

sprinkler machines during 80s. The conventional sprinkler irrigation systems are capital intensive. 

Therefore, some modifications were needed to suit the socio-economic conditions and physical 

requirements in Pakistan (WRRI 1992). 

The sprinkler system can be used with gravity flow where hydraulic head is available, which will 

reduce the initial cost. Such locations are available in Northern Areas, NWFP and Balochistan. 

Furthermore, these systems are suitable for areas where streamsize is very small and surface 

irrigation is not possible. Such locations are available in areas having limited well yields in 

mountainous and Barani regions and in the Indus basin having very thin layer of fresh groundwater 

overlain the brackish groundwater (Ahmad and Hussain 1987; Ahmad et al. 2000; WRRI 1992). 

Most of the system components of solid-set, hand move and Raingun sprinklers have been 

successfully manufactured in Pakistan, except the cost effective aluminium pipes would need to be 

imported for specialized systems. The Water Resources Research Institute (WRRI), National 

Agricultural Research Centre (NARC), Islamabad in collaboration with MECO Pvt. Ltd., Lahore 

developed a complete range of Raingun sprinkler irrigation systems using locally available materials 

and technology. The high-pressure low-density polyethylene pipes with black carbon and UV 

stabilizers were produced in collaboration with Griffon Industrial Corporation, Lahore. These are now 

available in 13, 25, 50, 75 and 100 mm diameters, which can be used for pressures upto 84 m. 

Recently, the low-pressure systems are being designed and installed by farmers due to the rise in 

electricity tariff and diesel prices. The estimated installed cost of semi-solidset Raingun sprinkler 

irrigation systems is in the range of Rs. 25,000-40000 per ha for a system of atleast 4 ha using 

electric or diesel operated pumping systems. 

Economics of Raingun Sprinkler Irrigation Systems 

Economics of locally manufactured Raingun sprinkler irrigation systems must be seen from two 

standpoints. Firstly, these systems and innovative adaptations must be cost-effective in the existing 

framework of the farmers‘ investment capacity in terms of the capital investments. Secondly, these 

systems and innovative adaptations must be cost-effective in terms of water and energy efficiency 

(Irrigation Age 1977; Walker 1980). 

These two elements were given due consideration while indigenizing the Raingun sprinkler irrigation 

system components in Pakistan. In fact there is a need to have trade-off between the two objectives 

of economics to have system fairly cost-effective in capital investment and fairly cost-effective in 

water and energy efficiency. A balance between the two is the approach, which will work in Pakistan. 
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Performance of Raingun Sprinkler Irrigation Systems 

The evenness of water distribution can be seriously affected by wind and operating pressure. Spray 

from Raingun sprinklers is relatively of larger discharges compared to the standard sprinklers. 

However, it is easily blown by wind and this can distort wetting patterns and upset irrigation 

uniformity. To reduce the effect of wind, the setting distance of Raingun sprinklers can be brought 

closer together. 

Although 5 m/s is only thought of as gentle breeze, it will seriously disrupt the operation of a Raingun. 

Rainguns need to operate very close together under these conditions to distribute water evenly. In 

prevailing wind conditions the designer will normally position the lateral at right angles to the wind 

direction and reduce the Raingun spacing along the lateral line (Kay 1983). 

A Raingun sprinkler performs best at a given pressure, which is normally specified by the 

manufacturer. If the pressure is substantially above or below the recommended value then the 

distribution of water can be quite different from the normal distribution. If the pressure is substantially 

above and below the recommended pressure, then in both the cases the throw is reduced. Both 

these patterns are quite different from the normal triangular distribution and it is obvious that patterns 

such as these will not produce a uniform irrigation (Kay 1983). 

Raingun Sprinkler Irrigation for Indus Basin 

Raingun sprinkler irrigation systems can also be used in the Indus basin for efficient application of 

smaller stream size of even less than 3 lps pumped from the skimming wells. However, to minimise 

the input of groundwater and to maintain low cost of irrigation, it is necessary to integrate conjunctive 

use of rainfall, surface water and groundwater. The design and operation of irrigation systems will be 

based on the concept of management strategies considering the conjunctive water use. Therefore, 

design of pressurized irrigation systems should be made considering these concepts (Ahmad et al. 

2000).  

The present study is based on the concept of conjunctive use of rainfall, canal water and groundwater 

with a view to design Raingun sprinkler systems to evaluate the cost and performance of the systems 

under the concept of supplemental irrigation linked with the use of groundwater. Furthermore, this 

concept is in co-existence with the use of skimmed water, where discharges are much less than the 

traditional tubewells. 

MATERIALS AND METHODS 

Study Area 

Two Raingun sprinkler irrigation systems were installed at farmers‘ fields in the Mona SCARP area of 

Bhalwal, Sargodha having thin layer of fresh groundwater overlain by the brackish groundwater. 
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There is shortage of fresh groundwater; therefore, farmers are interested in conjunctive use of water 

(rainfall, canal water and groundwater). For this purpose, two farmers, in Chak #6ML and Thatti Noor 

villages, were selected to install the skimming dugwells and Raingun sprinkler irrigation systems. 

Selection of Farmers and Design of Raingun Sprinkler Irrigation Systems 

Two Raingun sprinkler irrigation systems were designed with an objective to test the concept of 

partial (supplemental) and complete irrigation concepts. The supplemental or partial irrigation system 

was designed to provide groundwater in addition to the rainfall and canal water availability. Therefore, 

the supplemental irrigation would help to reduce the unit cost of the Raingun sprinkler irrigation 

system. 

Supplemental Irrigation System at Chak #6ML 

In Chak #6ML, Ahmad Bakhsh Farm was selected for the installation of small-size Raingun sprinkler 

irrigation system on the dugwell. This system was designed to operate single-Raingun for small-size 

farms using a concept of supplemental irrigation. The designed operational time of 15 hours was 

used with overlapping of 25%. Peak designed supplemental water requirement of 3-mm was used. 

Farmer‘s abandoned dugwell was renovated, which was constructed in 1930s. The dugwell depth is 

18.24 m and the inner diameter of the dugwell is around 1.52 m. A high pressure pumping system 

having discharge of 3 lps and pressure head of 60 m was installed at the renovated well. Diesel-

operated prime mover of 8 hp was used to power the pumping system. Two manifolds each with 50 

mm diameter were laid out having lengths of 176 m and 264 m. Raingun model PY1-30 with nozzle 

size of 12 mm diameter was used. The summary of design computations of Raingun sprinkler 

irrigation system installed on 5.3 ha area is presented in Appendix I. The command area can be 

increased to 7 ha if the peak operational time is increased to 20 hours. This is important to improve 

economics of the system. 

Complete Irrigation System at Village Thatti Noor 

In Thatti Noor village, Qadir Farm was selected for the installation of medium-size Raingun sprinkler 

irrigation system. This system was designed to operate 3 Rainguns for medium-size farms using a 

concept of complete irrigation. The designed operational time of 12 hours was used with overlapping 

of 25%. Peak designed water requirement of 5-mm was used. 

A dug-bore well was constructed and lined using the pre-cast concrete rings. The technology of dug-

bore well is attractive to reduce the digging cost and to induce higher recharge. Bore is needed in the 

saturated zone because the digging of dugwell in the saturated zone after a depth of 3 m is 

cumbersome and costly. The dugwell total depth is 5.63 m and the inner diameter of the dugwell is 

around 1.52 m. A bore of 3.52 m was made from a depth of 5.63 to 9.15 m. A high pressure pumping 

system having discharge of 8.2 lps and pressure head of 60 m was installed on the dug-bore well. 
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Diesel operated prime mover of 18 hp was used to power the pumping system. Two manifolds were 

designed 1
st
 having 75 mm inner diameter and 2

nd
 with 50 mm inner diameter low-density 

polyethylene (LDPE) pipe. The lengths of 1
st 

and 2
nd

 manifolds are 250 and 364 m, respectively. The 

summary of design computations of Raingun sprinkler irrigation system installed on 5.7 ha area is 

presented in Appendix II. The command area can be increased to 9.5 ha if the peak operational time 

is increased to 20 hours. 

Materials Used and Systems’ Cost 

Supplemental Irrigation System at Chak #6ML 

Diesel operated pumping system was coupled with suction line of 63.75 mm inner diameter of 

galvanized iron pipe. The 51 mm inner diameter galvanized iron pipe was also used for delivery of 

water to the manifolds. The LDPE pipe of 50 mm inner diameter was used for manifolds. All the 

connections used were made of galvanized iron or metal alloys. The hydrants for water outlets were 

constructed using galvanized iron pipe of 51 mm diameter. The cost estimates of Raingun sprinkler 

irrigation system installed at the Ahmad Bakhsh Farm, Chak #6ML are presented in Appendix III. 

Complete Irrigation System at Village Thatti Noor 

Diesel operated pumping system was coupled with suction line of 63.75 mm inner diameter of 

galvanized iron pipe. The 51 mm inner diameter galvanized iron pipe was used for delivery of water to 

the manifolds. The LDPE pipe of 75 and 50 mm inner diameter were used for mainline and manifolds. 

All the connections used were made of galvanized iron or metal alloys. The hydrants for water outlets 

were constructed using galvanized iron pipe of 51 mm diameter. The cost estimates of Raingun 

sprinkler irrigation system installed at the Qadir Farm, Thatti Noor village are presented in Appendix 

IV. 

Performance Evaluation 

Performance Parameters 

The performance parameters selected for evaluation of Raingun sprinkler irrigation system are as 

under: 

 Operating pressure of Raingun at various hydrants installed for connecting laterals and the 

Raingun; 

 Discharge of Raingun installed at various hydrants; 

 Uniformity coefficient. 

Raingun with different sizes of nozzles was operated for one-hour duration under selected range of 

pressures. The sprinkled water was collected in the catch cans and depth of water was measured 
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after the closure of the Raingun. The coefficient of uniformity of the Raingun was estimated using the 

following relationship (Christiansen 1942): 

Cu = 1 - (  Xi – Xav ) / nXav  * 100 

where 

Cu = Coefficient of uniformity, %; 

Xi = Depth of water stored in the ith catch can, mm; 

n = Total number of catch cans having water or number  of observations; 
and 

Xav = Average depth of water collected in catch cans,    mm. 

Supplemental Irrigation System at Chak #6ML 

Performance of single-Raingun sprinkler irrigation system was evaluated at the Ahmad Bakhsh Farm 

of Chak #6ML. At this farm, the Raingun sprinkler irrigation system was evaluated by operating single 

Raingun with nozzle of 12 mm diameter. Evaluation was made at each hydrant to document the 

system‘s performance.  

Complete Irrigation System at Village Thatti Noor 

At Qadir‘s Farm in the Thathi Noor village, the system was evaluated at different hydrants. Discharge, 

pressure and covered area were measured at 60% engine throttle. Data of selected parameters were 

measured while operating two and three Rainguns with different sizes of Raingun nozzles. 

RESULTS AND DISCUSSIONS 

System Layout and Cost 

Supplemental Irrigation System at Chak #6ML 

In Chak #6ML Ahmad Bakhsh Farm was selected to install small-size Raingun sprinkler irrigation 

system, where discharge is sufficient to operate single Raingun. The system layout consisted of two 

manifolds of 50 mm inner diameter pipe of LDPE. Six double and two single hydrants were installed 

(Figure 1). The cost of pumping system with attachments for suction and delivery line was Rs. 

21,133, which accounts for 29% of the total material cost. The cost of manifolds was Rs. 44,102, 

which accounts for 60% of the total material cost. The cost of other materials including hydrants, 

connections and gate valves was Rs. 8070, which accounts for 11% of the material cost. Thus the 

major cost is for manifolds and pumping system and related attachments. The cost of installation of 

Raingun sprinkler irrigation system was around Rs. 13,000. Thus the total cost of system and 

installation was Rs. 86,305. The average cost per ha was Rs. 16,284. Therefore, the unit cost would 

range between Rs.16,000 to 17,000 (Table 1). 

The unit cost was reduced almost by 28% by changing the concept from complete irrigation to 

supplemental irrigation. This was a good achievement for the canal command areas, where the peak 
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crop water requirement from Raingun sprinkler irrigation is reduced due to the conjunctive use of 

rainfall, canal water and groundwater.  

Complete Irrigation System at Village Thatti Noor 

In Thatti Noor village Qadir Farm was selected to install medium-size Raingun sprinkler irrigation 

system, where discharge was sufficient to operate 3 Rainguns depending on the availability of water 

from the dugwell. In fact the system was designed to operate three Rainguns, but due to shortage of 

water in the dugwell because of continued drought two Rainguns were appropriate to operate. The 

system layout consisted of two manifolds of 75 and 50 mm inner diameter of LDPE pipe. Six double 

and six single hydrants were installed (Figure 2). The cost of pumping system with attachments for 

suction and delivery line including foundation was Rs. 34,347, which accounts for 30% of the total 

material cost. The cost of manifolds was Rs. 67,615, which accounts for 59% of the total material 

cost. The cost of other materials including hydrants, connections and gate valves was Rs. 12,980, 

which accounts for 11% of the material cost. Thus the major cost is for manifolds and pumping 

system and related attachments. The cost of installation of Raingun sprinkler irrigation system was 

around Rs. 14,000. Thus the total cost of system and installation was Rs.1,28,942. The average cost 

per ha was Rs. 22,621. Therefore, the unit cost would range between Rs.22,000 to 23,000 (Table 1).  

The unit cost was 39% more than the other farm, where system was designed for supplemental 

irrigation. This increase was due to the increase in the peak crop water requirement for the Raingun 

sprinkler irrigation system. However, the system size can be increased for conditions of supplemental 

irrigation.  

System Performance 

Discharge and Pressure Variations 

Supplemental Irrigation System at Chak #6ML 
The discharge and pressure of Raingun sprinkler measured at each hydrant of the system installed at 

Chak #6ML, Bhalwal is given in Table 2. The nozzle size of 12 mm diameter was used. The pressure 

at Raingun ranged between 39.9 m to 37.1 m with an average of 38.8 m. The pressure variations 

were 3.6 percent, which is extremely low and thus the system performance in terms of pressure 

variations was within the permissible limits. The discharge of Raingun ranged between 2.69 lps to 

2.58 lps with an average of 2.65 lps. The discharge variations were 2.1 percent.  

Complete Irrigation System at Village Thatti Noor 
The performance evaluation of Raingun system at the Thatti Noor Farm was conducted under two 

sets of pressure conditions, when two Rainguns were used. In the first setting, the pressure at the 

pumping system was maintained at 35 m head, whereas in the second setting the pressure at 
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pumping system was maintained at 28 m. The two sets of pressure conditions would help to evaluate 

the system in terms of pressure range instead of a fixed pressure. 

For the first setting, the pressure at the pumping system was maintained at 35 m. The discharge and 

pressure of Raingun sprinkler measured at each hydrant of the system is given in Table 3. The nozzle 

size of 10 mm diameter was used. The pressure at Raingun ranged between 35.0 m to 30.8 m with 

an average of 33.8 m. The pressure variations were 6.2 percent, which is reasonably low and thus 

the system performance in terms of pressure variations was within the permissible limits. The 

discharge of Raingun ranged between 1.92 lps to 1.80 lps with an average of 1.89 lps. The discharge 

variations were 3.2 percent. 

For the second setting, the pressure at the pumping system was maintained at 28 m. The discharge 

and pressure of Raingun sprinkler measured at each hydrant is given in Table 4. The nozzle size of 

10 mm diameter was used. The pressure at Raingun ranged between 28.0 m to 22.4 m with an 

average of 26.1 m. The pressure variations were 10.7 percent, which is reasonably low and thus the 

system performance in terms of pressure variations was within the permissible limits. The discharge 

of Raingun ranged between 1.73 lps to 1.58 lps with an average of 1.68 lps. The discharge variations 

were 4.5 percent. 

The pressure variations were 3.6 and 6.2%, which is extremely low and thus the system 

performance in terms of discharge variations was within the permissible limits. This was mainly due to 

appropriate size of the Raingun nozzle, layout of the manifold, and the optimal range of Raingun 

pressure (30-40 m). The pressure variations increased to 10.7%, when the pressure of the pump 

dropped to 28 m and pressure at Raingun was in the range of 22-28 m. Thus the Raingun pressure 

must be maintained between 30-40 m.  

Radius of Coverage as Affected by Water Level in the Dugwell  

Raingun sprinkler with 12 mm diameter nozzle size was used to estimate radius of coverage as 

affected by time and pressure. In fact there was lowering of water table in the dugwell up to 80 

minutes from the start of the pumping. The depletion in dugwell water level was 1.38 m in 80 minutes 

and afterwards the water level in the dugwell got stabilized. The pressure at Raingun ranged between 

39.9 m to 37.1 m with an average of 38.4 m. The pressure variations were 3.6 percent, which is 

reasonably low and thus the system performance in terms of pressure variations was within the 

permissible limits. The radius of coverage of Raingun ranged between 24 m to 21 m with an average 

of 22.1 m (Table 5). The variations in radius of coverage were 6.8 percent, which is reasonably low 

and thus the system performance in terms of area covered was within the permissible limits. The 

variations in Raingun radius of coverage were more than Raingun pressure, which is a good 

indication of the sensitivity of area of coverage as affected by pressure variations. 
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The radius of coverage is not the appropriate performance parameter; therefore this information must 

be used in estimating the area of coverage. The area of coverage at 24 m radius was 1810 m
2
, 

whereas it was reduced to 1385 m
2 
with reduction in radius of coverage to 21 m. The average area of 

coverage was 1534 m
2
. Thus the variation in area of coverage from the average was 13.8 percent, 

which is a concern. However, it will not affect the distribution of water except overlapping has to be 

adjusted accordingly. 

Pressure Variations as Affected by Water Level in the Dugwell  

For the Qadir Farm at Thatti Noor village, the evaluation was made under three settings in terms of 

Raingun positions at different hydrants. In all the three setting, three Rainguns were used to evaluate 

the performance in terms of water level in the dug-bore well and pressure variations. 

First Setting of Rainguns 

Three Rainguns were installed at hydrants # 1, 6 and 12 located at a distance of 20, 225 and 351 m 

from the pumping system, respectively. Raingun nozzle diameter of 8 mm was used. The water level 

in the dugwell stabilized at 5.62 m after 50 minutes of the operation of the pumping system. The 

pressure variation since the start of the pumping ranged between 40.6 m and 36.4 m at hydrants 1 

and 12, respectively. The average pressure was 38.2 m. The pressure variation was 5.5 percent 

(Table 6). 

Second Setting of Rainguns 

Three Rainguns were installed at hydrants # 1, 2 and 7 located at a distance of 20, 60 and 142 m 

from the pumping system, respectively. Raingun nozzle diameter of 8 mm was used. The water level 

in the dugwell stabilized at 5.61 m after 50 minutes of the operation of the pumping system. The 

pressure variation since the start of the pumping ranged between 40.6 m and 35.0 m at hydrants 1 

and 7, respectively. The average pressure was 37.6 m. The pressure variation was 7.4 percent 

(Table 7). 

Third Setting of Rainguns 

Three Rainguns were installed at hydrants # 3, 6 and 12 located at a distance of 100, 225 and 351 m 

from the pumping system, respectively. Raingun nozzle diameter of 8 mm was used. The water level 

in the dugwell stabilized at 5.61 m after 40-50 minutes of the operation of the pumping system. The 

pressure variation since the start of the pumping ranged between 40.6 m and 35.7 m at hydrants 3 

and 12, respectively. The average pressure was 37.9 m. The pressure variation was 6.5 percent 

(Table 8). 

The evaluation of the three settings of the Raingun sprinklers indicated that the pressure variations 

varied between  5.5 to 7.4 %, which were within the permissible limits even during the transient 
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state. The discharge variability would be in the order of  2.75 to 3.7%, which is also within the 

permissible range. 

Performance of Raingun as affected by the Dugwell Yield 

Supplemental Irrigation System at Chak #6ML 

The operation of Raingun sprinkler at the dugwell installed at the Ahmad Bakhsh Farm at Chak #6ML 

indicated that dugwell could provide sustainable yield after 80 minutes. After stabilizing the water 

level in the dugwell, pressure and radius of coverage was also stabilized. Therefore, these pressures 

and radius of coverage should be used for the purpose of operation of the Raingun sprinkler. The 

constant pressure of 37 m can be maintained at the Raingun with constant radius of coverage of 21 

m. Therefore, the constant area of coverage by the Raingun would be 1385 m
2 
(Table 5). The system 

performed reasonably well as per design specifications primarily due to the sustained well yield at 

water depletion level of 1.38 m from surface of the well. 

The field evaluation indicated that Raingun system installed on dugwells should be evaluated to find 

the appropriate levels for Raingun pressure, discharge, radius of coverage, and water level in the 

dugwell. If the water level in the dugwell drops more than 6 m, the discharge would be reduced 

tremendously. Thus draw down in the dugwell should be less than the permissible suction to attain 

the designed discharge. 

Complete Irrigation System at Village Thatti Noor 

The complete irrigation system was designed under two sets of Raingun settings. In the 1
st
 set, two 

Rainguns were used with nozzle size of 10 mm diameter. The pressure variation was 6.2% at 

pumping pressure of 35 m, whereas it was increased to 10.7% with the reduced pumping pressure 

of 28 m. In the 2
nd

 set, three Rainguns were used with nozzle size of 8 mm diameter. The pressure 

variation was 5.5 to 7.4 % under three settings of the Raingun positions. The stabilized pumping 

pressure with stabilized water level in the dugwell was around 40 m. The conclusion is that both sets 

of Rainguns (2 or 3) can be used with reasonable level of performance. 

The details of three settings each with three Rainguns using 8 mm diameter nozzle are as under: 

First Setting of Rainguns: Three Rainguns were installed at hydrants # 1, 6 and 12 located at a 

distance of 20, 225 and 351 m from the pumping system, respectively. Raingun nozzle diameter of 8 

mm was used. The water level in the dugwell stabilized at 5.62 m after 50 minutes of the operation of 

the pumping system. The pressure variation at the start of the pumping ranged between 40.6 m and 

37.8 m at hydrants #1 and 12, respectively. The average pressure was 39.2 m. The pressure 

variation was 3.6. After stabilizing the water level in the dugwell, the pressure variation ranged 

between 38.5 and 36.4 m at hydrants #1 and 12, respectively. The average pressure was 37.6 m. 

The percent variation in pressure was 2.8. The variation in Raingun pressure was reduced after the 

stabilization of the water level in the dugwell (Table 6). 
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Second Setting of Rainguns: Three Rainguns were installed at hydrants # 1, 2 and 7 located at a 

distance of 20, 60 and 142 m from the pumping system, respectively. Raingun nozzle diameter of 8 

mm was used. The water level in the dugwell stabilized at 5.61 m after 50 minutes of the operation of 

the pumping system. The pressure variation at the start of the pumping ranged between 40.6 m and 

38.5 m at hydrants # 1 and 7, respectively. The average pressure was 39.7 m. The pressure variation 

was 2.6. After stabilizing the water level in the dugwell, the pressure variation ranged between 38.5 

and 35.0 m at hydrants 1 and 7, respectively. The average pressure was 36.9 m. The percent 

variation in pressure was 4.7 (Table 7). 

Third Setting of Rainguns: Three Rainguns were installed at hydrants number of 3, 6 and 12 

located at a distance of 100, 225 and 351 m from the pumping system, respectively. Raingun nozzle 

diameter of 8 mm was used. The water level in the dugwell stabilized at 5.61 m after 40-50 minutes of 

the operation of the pumping system. The pressure variation at the start of the pumping ranged 

between 40.6 m and 37.1 m at hydrants #3 and 12, respectively. The average pressure was 38.9 m. 

The pressure variation was 4.5. After stabilizing the water level in the dugwell, the pressure variation 

ranged between 38.5 and 35.7 m at hydrants #3 and 12, respectively. The average pressure was 

37.1 m. The percent variation in pressure was 3.8 percent. The pressure variation was reduced after 

stabilization of the water level in the dugwell (Table 8). 

Coefficient of Uniformity Under Various Pressure 

For Raingun sprinkler irrigation system, the last quarter is overlapped to obtain better uniformity of 

water distribution. Therefore, the spacing between two sprinklers is kept equal to the effective 

diameter of coverage of the Raingun sprinkler. The coefficient of uniformity of the Raingun sprinklers 

was determined at the effective diameter of coverage i.e. up to third quarter. The coefficients of 

uniformity of the Raingun sprinkler as affected by effective diameter of coverage, nozzle sizes and 

pressure are presented in Table 9. 

Nozzle Size of 6 mm Diameter 

For the nozzle size of 6 mm diameter, the maximum coefficient of uniformity of 86.5% was observed 

at pressure head of 28 m. The effective diameter of coverage was 27 m, which represents the 75% of 

the potential diameter of coverage. However, with overlapping of 25% same level of uniformity can be 

achieved with potential diameter. Thus pressure head of 30 m is recommended with nozzle size of 6 

mm diameter. 

Nozzle Size of 8 mm Diameter 

For the nozzle size of 8 mm diameter, the maximum coefficient of uniformity of 86.3% was observed 

at pressure head of 28 m. The effective diameter of coverage was 31 m, which represents the 75% of 

the potential diameter of coverage. However, with overlapping of 25% same level of uniformity can be 



 xiii 

achieved with potential diameter. Thus pressure head of 30 m is recommended with nozzle size of 8 

mm diameter. 

Nozzle Size of 10 mm Diameter 

For the nozzle size of 10 mm diameter, the maximum coefficient of uniformity of 90.8% was observed 

at pressure head of 39 m. The effective diameter of coverage was 33 m, which represents the 75% of 

the potential diameter of coverage. However, with overlapping of 25% same level of uniformity can be 

achieved with potential diameter. Thus pressure head of 30-40 m is recommended with nozzle size of 

10 mm diameter. 

Nozzle Size of 12 mm Diameter 

For the nozzle size of 12 mm diameter, the maximum coefficient of uniformity of 78.1% was observed 

at pressure head of 32 m. The effective diameter of coverage was 39 m, which represents the 75% of 

the potential diameter of coverage. However, with overlapping of 25% same level of uniformity can be 

achieved with potential diameter. Thus pressure head of 30-40 m is recommended with nozzle size of 

12 mm diameter. 

The coefficient of uniformity of the Raingun varied between 78 to 91 % with pressure range of 30-40 

m and nozzle sizes of 6 to 12 mm diameter. Thus reasonably high value of uniformity coefficient can 

be obtained through overlapping by adjusting the space between two Raingun sprinklers. Walker 

(1980) recommended that uniformity coefficient should be in the range of 70 to 80 %. Jensen (1981) 

recommended that coefficient of uniformity should be more than 80% to justify the investments made 

in sprinkler irrigation. However, it is difficult to have higher uniformity coefficient without overlapping, 

as uniformity of Raingun sprinklers is always less than the smaller sprinklers.  

Needed Modifications and Adaptations 

The economics of Raingun sprinkler irrigation systems indicated that for the Indus basin, these 

systems must be designed considering the conjunctive use of rainfall, canal water and groundwater. 

Thus cost of the system can be reduced by 28% just by changing the concept of complete irrigation to 

supplemental irrigation. This demands that the peak demand water requirement must be changed 

from 5 mm/day to 3 mm/day or even less. Furthermore, the peak operational time should also be 

changed to 20 hours to reduce the size of the prime mover and the pump. 

The Indus basin is also going to experience the water crises due to increase in demand among the 

competing water users‘ and the conflicting objectives. Therefore, sprinklers should be used for 

vegetables, fodders and field crops, whereas for orchards modified hose-fed system can be used. 

These systems have already been designed and installed at farmers fields in Khanpur and Haripur 

areas for the matured orchards, which were established originally under flood irrigation and the 

rooting pattern is extensive. 
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Needed Refinement in Design and Manufacturing of Systems’ Hardware 

Based on the performance evaluation of the Raingun sprinkler irrigation systems it is necessary to 

develop standards for the manufacturers, so that they can use these standards as specifications for 

the manufacturing of Raingun sprinkler irrigation systems. There are two major objectives of 

manufacturing and designing any Raingun sprinkler irrigation system. These include water and 

energy efficiency and cost-effectivity. Therefore, efforts should be made to minimize the pressure 

requirement to reduce the size of the pumping system and to minimize the energy requirement. The 

layout of the Raingun sprinkler irrigation should be designed in such a way that the coefficient of 

uniformity is optimized. This would help to improve the water use efficiency. 

The recommended manufacturers‘ specifications and design parameters are presented in Table 10. 

This table provides specifications for the whole range of Rainguns suitable for very small to large 

farms. 

CONCLUSIONS 

 The design and performance evaluation of the Raingun sprinkler irrigation system installed at 

Bhalwal, Sargodha indicated that the system cost can be reduced by 28% just by changing 

the design concept from complete irrigation to partial or supplemental irrigation. This is valid 

for the Indus basin, where concept of conjunctive use of water (rainfall, canal water and 

groundwater) is practiced.  

 The operational time of Raingun sprinkler irrigation system at peak demand was taken 12-15 

hours, which can be increased to 20 hours for further reduction in cost. However, it would 

depend on the limitations of suction and lowering of water in the dugwell. 

 The level of water in the dugwell is an essential criterion for the design and performance of 

the system. Although the permissible limit for suction with centrifugal pumps is 6 m but the 

high-pressure pump performs better if the suction is less than 6 m. Therefore, extra care 

must be made while designing the pumping systems for Raingun sprinkler irrigation. Under 

conditions of extreme suction of around 6 m or more, the designed discharge of Raingun with 

12 mm diameter nozzle was reduced to the point that either two Rainguns of 10 mm diameter 

nozzle or three Rainguns of 8 mm diameter nozzle could be operated. The system was 

originally designed for three Rainguns with 12 mm diameter nozzle. 

 The important conclusion is that centrifugal pump based Raingun sprinkler irrigation systems 

should be designed for single Raingun with 12 mm diameter nozzle for sustained pumping 

and longer operational time for irrigation. 

 The pressure variations ranged between 3 to 10%, which is reasonable to have higher 

uniformity in water distribution (around 80% or more). 
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 Another important conclusion is that the performance of locally made Raingun sprinkler 

irrigation systems is reasonably high at higher pressures of 30-40 m. However, it will reduce 

significantly if the pressure drops below 20 m. 

 Based on the limitations of the centrifugal pumps and the problem associated with lowering of 

water table in dugwells, there is a need to design and develop low-cost submersible pumps 

based Raingun sprinkler irrigation systems. 
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Table 1 Cost of raingun sprinkler irrigation systems installed at two selected farms in Mona SCARP, 
Bhalwal, Sargodha Pakistan. 

System Components Cost (Rs.) (Percent of Total) 

Allah Bakhsh Farm Qadir Farm 

Pumping System, Suction and Delivery lines 

and Foundation  

21133 (29) 34347 (30) 

Manifold #1 19311 (26) 33140 (29) 

Manifold #2 24791 (34) 34475 (30) 

Other Materials 8070 (11) 12980 (11) 

Total Material Cost 73305 114942 

Total Installation Cost 13,000 14,000 

Total Cost 86,305 1,28,942 

Average cost per ha 16,284 22,621 

Cost Range (Rs./ha) 16,000-17,000 22,000-23,000 

Table 2. Discharge and pressure of raingun sprinkler at various hydrants using 12 mm diameter 
nozzle at Chak #6ML, Bhalwal, Sargodha, Pakistan.  

Position of 

Raingun 

Distance from 

Pumping Station (m) 

Pressure (m) Discharge (lps) 

Pumping Station Raingun 

Hydrant #1 48 41.3 39.9 2.69 

Hydrant #2 40 41.3 39.9 2.69 

Hydrant #3 142 41.3 39.2 2.66 

Hydrant #4 176 41.3 39.2 2.66 

Hydrant #5 75 41.3 38.5 2.64 

Hydrant #6 150 41.3 38.5 2.64 

Hydrant #7 208 41.3 37.8 2.61 

Hydrant #8 286 41.3 37.1 2.58 

Average   38.8 2.65 

Percent Variation  3.6 2.1 
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Table 3. Discharge and pressure of Raingun sprinkler at various hydrants using 10 mm diameter 
nozzle at Thatti Noor village, Bhalwal, Sargodha, Pakistan.  

Position of 

Raingun #1 

Distance from 

Pumping Station 

(m) 

Pressure (m) Discharge at 

Raingun #1 

(lps) 

Position of 

Raingun #2 
Pumping 

Station 

Raingun #1 

Manifold #1 (75 mm Diameter Pipe) 

Hydrant #1 20 35 35 1.92 Hydrant #6 

Hydrant #2 60 35 35 1.92 Hydrant #6 

Hydrant #3 100 35 35 1.92 Hydrant #6 

Hydrant #4 140 35 35 1.92 Hydrant #6 

Hydrant #5 180 35 35 1.92 Hydrant #6 

Hydrant #6 225 35 33.6 1.88 Hydrant #5 

Manifold #2 (50 mm Diameter Pipe) 

Hydrant #7 142 35 34.3 1.90 Hydrant #1 

Hydrant #8 182 35 33.6 1.88 Hydrant #1 

Hydrant #9 222 35 33.6 1.88 Hydrant #1 

Hydrant #10 256 35 32.9 1.86 Hydrant #1 

Hydrant #11 306 35 31.5 1.82 Hydrant #1 

Hydrant #12 351 35 30.8 1.80 Hydrant #1 

Average   33.8 1.89  

Percent Variation  6.2 3.2  

Table 4. Discharge and pressure of Raingun sprinkler at various hydrants using 10 mm diameter 
nozzle at Thatti Noor village, Bhalwal, Sargodha, Pakistan. 

Position of 

Raingun #1 

Distance from 

Pumping 

Station (m) 

Pressure (m) Discharge at 

Raingun #1 

(lps) 

Position of 

Raingun #2 
Pumping 

Station 

Raingun #1 

Manifold #1 (75 mm Diameter Pipe) 

Hydrant #1 20 28 28 1.73 Hydrant #6 

Hydrant #2 60 28 28 1.73 Hydrant #6 
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Hydrant #3 100 28 28 1.73 Hydrant #6 

Hydrant #4 140 28 28 1.73 Hydrant #6 

Hydrant #5 180 28 28 1.73 Hydrant #6 

Hydrant #6 225 28 25.9 1.67 Hydrant #5 

Manifold #2 (50 mm Diameter Pipe) 

Hydrant #7 142 28 25.2 1.65 Hydrant #1 

Hydrant #8 182 28 25.9 1.67 Hydrant #1 

Hydrant #9 222 28 25.9 1.67 Hydrant #1 

Hydrant #10 256 28 25.2 1.65 Hydrant #1 

Hydrant #11 306 28 23.1 1.60 Hydrant #1 

Hydrant #12 351 28 22.4 1.58 Hydrant #1 

Average   26.1 1.68  

Percent Variation  10.7 4.5  

Table 5. Radius of coverage of the Raingun sprinkler under various pressure heads using 12 mm 
diameter nozzle, Chak #6ML, Bhalwal, Sargodha, Pakistan. 

Time (min) Depth Depleted (m) Pressure (m) Radius of Coverage (m) 

10 0.87 39.9 24 

20 1.04 39.9 24 

30 1.23 39.2 23 

40 1.30 39.2 22 

50 1.32 38.5 22 

60 1.34 38.5 22 

70 1.36 37.8 21 

80 1.38 37.1 21 

90 1.38 37.1 21 

100 1.38 37.1 21 

Average  38.4 22.1 

Percent Variation 3.6 6.8 
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Table 6. Evaluation of first setting of three Raingun sprinklers with nozzle diameter of 8 mm at Qadir 
Farms, Thatti Noor, Bhalwal, Sargodha, Pakistan. 

Time 

(min) 

Depth to 

Water Table 

(m) 

Pressure (m) Remarks 

Pumping Station Raingun  

Raingun at Hydrant #1 and at a distance of 20 m from the pumping system 

0 4.12 42 40.6 2
nd

 and 3
rd

 Rainguns at #6 & 

#12 hydrants 

10 4.95 41.3 39.9 " 

20 5.38 41.3 39.2 " 

30 5.57 40.6 39.2 " 

40 5.61 40.6 39.2 " 

50 5.62 39.9 38.5 " 

60 5.62 39.9 38.5 " 

70 5.62 39.9 38.5 " 

Raingun at Hydrant #6 and at a distance of 225 m from the pumping system 

0 4.12 42 39.2 2
nd

 and 3
rd

 Rainguns at #1 & 

#12 hydrants 

10 4.98 42 39.2 " 

20 5.46 41.3 38.5 " 

30 5.59 41.3 38.5 " 

40 5.60 41.3 38.5 " 

50 5.61 40.6 37.8 " 

60 5.62 40.6 37.8 " 

70 5.62 40.6 37.8 " 

80 5.62 40.6 37.8 " 

Raingun at Hydrant #12 and at a distance of 351 m from the pumping system 

0 4.45 42 37.8 2
nd

 and 3
rd

 Rainguns at #1 & 

#6 hydrants 
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10 5.25 42 37.8 " 

20 5.59 41.3 37.1 " 

30 5.60 41.3 37.1 " 

40 5.61 41.3 37.1 " 

50 5.62 40.6 36.4 " 

60 5.62 40.6 36.4 " 

70 5.62 40.6 36.4 " 

Average   38.2  

Percent Variation  5.5  

Table 7. Evaluation of second setting of three Raingun sprinklers with nozzle diameter of 8 mm at 
Qadir Farms, Thatti Noor, Bhalwal, Sargodha, Pakistan. 

Time 

(min) 

Depth to Water 

Table (m) 

Pressure (m) Remarks 

Pumping Station Raingun  

Raingun at Hydrant #1 and at a distance of 20 m from the pumping system  

0 3.94 42 40.6 2
nd

 and 3
rd

 Rainguns at #2 & 

#7 hydrants  

10 4.87 41.3 39.9 " 

20 5.38 40.6 39.2 " 

30 5.58 39.9 39.2 " 

40 5.59 39.2 38.5 " 

50 5.61 39.2 38.5 " 

60 5.61 39.2 38.5 " 

70 5.61 39.2 38.5 " 

80 5.61 39.2 38.5 " 

Raingun at Hydrant #2 and at a distance of 60 m from the pumping system 

0 3.94 42 39.9 2
nd

 and 3
rd

 Rainguns at #1 & 

#7 hydrants 

10 4.87 41.3 39.2 " 



 xxi 

20 5.38 40.6 38.5 " 

30 5.58 39.9 37.1 " 

40 5.59 39.2 37.1 " 

50 5.61 39.2 37.1 " 

60 5.61 39.2 37.1 " 

70 5.61 39.2 37.1 " 

80 5.61 39.2 37.1 " 

Raingun at Hydrant #7 and at a distance of 142 m from the pumping system 

0 3.94 42 38.5 2
nd

 and 3
rd

 Rainguns at #1 & 

#2 hydrants 

10 4.87 41.3 37.8 " 

20 5.38 40.6 37.1 " 

30 5.58 39.9 36.4 " 

40 5.59 39.2 35 " 

50 5.61 39.2 35 " 

60 5.61 39.2 35 " 

70 5.61 39.2 35 " 

80 5.61 39.2 35 " 

Average  37.6  

Percent Variation  7.4  

Table 8. Evaluation of third setting of three Raingun sprinklers with nozzle diameter of 8 mm at 
Qadir Farms, Thatti Noor, Bhalwal, Sargodha, Pakistan. 

Time 

(min) 

Depth to Water 

Table (m) 

Pressure (m) Remarks 

Pumping Station  Raingun  

Raingun at Hydrant #12 and at a distance of 351 m from the pumping system 

0 4.13 42 37.1 2
nd

 and 3
rd

 Rainguns at #3 & 6 

hydrants 

10 4.96 42 37.1 " 
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20 5.39 41.3 37.1 " 

30 5.58 41.3 36.4 " 

40 5.61 41.3 36.4 " 

50 5.61 41.3 35.7 " 

60 5.61 41.3 35.7 " 

70 5.61 41.3 35.7 " 

80 5.61 41.3 35.7 " 

Raingun at Hydrant #3 and at a distance of 100 m from the pumping system 

0 4.25 42 40.6 2
nd

 and 3
rd

 Rainguns at #6 

&12 hydrants 

10 4.99 41.3 40.6 " 

20 5.48 41.3 39.9 " 

30 5.59 41.3 39.9 " 

40 5.60 40.6 39.2 " 

50 5.61 40.6 39.2 " 

60 5.61 40.6 38.5 " 

70 5.61 40.6 38.5 " 

80 5.61 40.6 38.5 " 

Average 41.2 37.9  

Percent Variation  6.5  

Table 9. Coefficient of uniformity of Raingun sprinkler as affected by effective diameter of coverage, 
nozzle sizes and pressure, Bhalwal, Sargodha, Pakistan. 

Pressure (m) Nozzle Size (mm) 

6 mm 8 mm 10 mm 12 mm 

Diameter (m) Cu (%) Diameter 
(m) 

Cu (%) Diameter 
(m) 

Cu (%) Diameter (m) Cu (%) 

14 21 76.25 27 68.94 31 75.44 31 75.24 

18 23 70.3 29 70.24 33 76.28 35 85.87 

21 25 78.63 29 82.31 33 80.34 37 80.23 

25 27 81.83 31 85.17 33 78.74 39 80.08 
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28 27 86.52 31 86.27 33 88.95 39 78.26 

32 27 85.04 31 83.76 33 89.04 39 78.06 

35 29 84.22 31 77.99 33 86.68 41 75.41 

39 29 81.03 31 71.12 33 90.83 41 78.01 

42 31 77.79 33 78.79 35 79.99 41 75.11 

46 31 82.40 33 80.56 37 86.19 45 70.88 

49 27 85.81 35 81.63 37 85.81 45 75.82 

53 27 85.01 35 83.26 37 81.70 45 74.88 

56 27 84.94 37 78.11 37 85.15 45 73.77 

Table 10. Hydraulics of Raingun sprinklers recommended for local manufacturing and design for 
farmers in Pakistan. 

Type of 

Raingun 

Nozzle 

Diameter (mm) 

Working 

Pressure (m) 

Discharge of 

Sprinkler (lps) 

Radius of 

Coverage 

(m) 

Application 

Rate (mm/hr) 

PY1-20 6 30 0.66 19.0 2.09 

 40 0.76 21.6 1.80 

7 30 0.85 20.8 2.24 

 40 0.95 22.9 2.08 

8 30 1.11 22.4 2.54 

 40 1.28 22.6 2.86 

PY1-30 9 30 1.38 24.2 2.70 

 40 1.57 24.6 2.98 

10 30 1.67 25.6 2.94 

 40 1.92 26.6 3.11 

11 30 2.03 27.6 3.06 

 40 2.35 28.5 3.31 

12 30 2.35 27.2 3.65 

 40 2.74 28.5 3.86 

PY1-40 12 30 2.64 27.7 3.94 

 45 3.17 31.7 3.64 

13 30 2.94 28.6 4.13 

 45 3.75 30.8 4.52 

14 35 3.58 31.9 4.03 

 45 4.08 32.5 4.43 

15 35 4.36 34.0 4.34 
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 45 4.86 35.1 4.53 

16 35 4.83 34.9 4.55 

 45 5.44 36.2 4.78 

PY1-50 16 40 4.97 37.2 4.11 

 50 5.58 38.7 4.26 

18 40 6.28 38.9 4.75 

 50 7.00 40.0 5.03 

20 40 7.56 41.1 5.10 

 50 8.47 42.3 5.42 
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Figure 1: Line Diagram of Raingun Sprinkler Irrigation System   

               Ahmad Bukhsh Farm Chak 6ML Bhalwal
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Figure 2:  Line Diagram of Raingun Sprinkler Irrigation System

                Qadir FarmThathi Noor,  Bhalwal
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Appendix I. Design of Raingun Sprinkler Irrigation System of 
Ahmad Bakhsh Farm, Chak # 6 ML, Bhalwal, Sargodha, 
Pakistan. 

PUMP 

Engine Power   = 8 hp 
Pump Discharge   = 3 lps 
Pressure   = 60 m 

Design of Manifold #1 

Maximum length   = 176 m 
Pipe Diameter   = 50 mm 
Raingun Discharge  = 2.74 lps at 12 mm nozzle 
Frictional Losses  = 7.8 m 

Design of Manifold #2 

Maximum Length  = 264 m 
Pipe Diameter   = 50 mm 
Raingun Discharge  = 2.74 lps  
Friction Losses   = 11.7 m 

Head Loss for Maximum Operational Line  

Friction Losses in Manifolds  = 11.7 m 
Suction     = 6 m 
Friction Losses in Laterals  = 2.5 m 
Connections and Valves   = 1 m 
     =========== 
  Total Head Loss 21.2 m 
     =========== 
 
Total Head    = 60 m 
Working head (Min.)   = 38.8 m 
Working head (Max.)   = 48.7 
Variation    =4.95m, ±11.5% 
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Appendix II. Design of Raingun Sprinkler Irrigation System of Qadir 
Farm, Thatti Noor, Bhalwal, Sargodha, Pakistan. 

PUMP 

Engine Power   = 18 hp 
Pump Discharge    = 8.22 lps 
Pressure   = 60 m 

Design of Manifold #1 

Maximum length   = 250 m 
Pipe Diameter   = 75 mm 
Raingun Discharge  = 5.5 lps [for 2 rainguns (PY1-30) with 12 mm nozzles 
Friction Losses   = 5.6 m 

Design of Manifold #2 

a) Length     = 135 m 
 Pipe Diameter    = 75 mm 
 Raingun Discharge   = 2.74 lps for 12 mm dia nozzle 
 Friction Losses    = 0.8 m 
 
b) Length     = 229 m 
 Pipe Diameter    = 50 mm 
 Raingun Discharge   = 2.74 lps for 12 mm dia nozzle 
 Friction Losses    = 10.1  
 Total Friction Losses in Manifold  = 0.8 + 10.1 = 10.9 m 
 
Head Loss for Maximum Operational Line (Manifold #2) 

 
 Suction     = 6 m 
 Friction Losses in Lateral   = 2.5 m 
 Connections and Valves   = 1 m 
      ================ 
Total System Losses    18.4 m 
      ================ 
 Total Head    = 60 m 
 Working head (Min.)   = 41.6 m 
 Working head (Max.)   = 50.1 m 
 Variation    = ± 9.3% ± 4.25 m 
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Appendix III. List of Materials Used for Raingun Sprinkler Irrigation 
System Installed at Chak #6ML, Bhalwal, Sargodha, 
Pakistan. 

 
 Materials Quantity Amount (Rs.) 
 

PUMPING STATION 

a: Suction Line 
 
i. Foot valve 2½" 1 No 342 
ii. Suction pipe (GI) 2½" 20 ft 1320 
iii. Bend (GI) 2½" 1 No 130 
iv. Nippel (GI) 2½" 1 No 150 
v. Union (GI) 2½" 1 No 230 
 Total  Rs.2172 
 Percentage of Grand Total   3 

 
b: Delivery Line 

 
i. GI Nippel 2" 4 No. 200 
ii. GI Tee Reducer 2"x2"x½ "2 No. 176 
iii. Pressure gauge 1 No. 450 
iv. Union 2" 1 No. 135 
v. Hose Nozzle ½" 1 No.   10 
vi. GI pipe 2" 8 ft. 544 
vii. Nippel ½"  1 No.   10 
viii. Handle valve ½"                         1 No.   65 
ix. Elbow 2"   3 No. 195 
x.  Hose Nozzle 2"   1 No. 40 
 Total    Rs.1625 

  Percentage of Grand Total 2 
c: Foundation 
 
i. Bricks  50 No. 100 
ii. Cement   1 Bag 180 
iii. Sand    4 ft

3
 36 

iv. Crush    2 ft
3
 20 

v. Engine 8 hp (Chinese)   1 No 
vi. Multistage pump   1 No. 17000 
vii. Iron Support for Engine & Pump   1 No. 
 Total  Rs. 17,336 
 Percentage of Grand Total   24 

MAINLINE NO. 1 

 
i. LDPE pipe φ 2" 200 m 13,000 
ii. GI pipe 2"    20 ft. 960 
iii. Tee 2"x2"x2"   4 No. 600 
iv. Hose Nozzle 2"   8 No. 320 
v. Nippel 2"    7 No. 350 
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vi. Gate Valve 2"   7 No. 1715 
vii. Pipe Joints 2"   2 No. 26 
viii. Elbow 2"   4 No. 260 
ix. Couplers 2"   8 No. 2080 
 Total         Rs. 19,311 
 Percentage of Grand Total   26 

MAINLINE NO. 2 

 
i. LDPE pipe φ 2" 300 m 19,500 
ii. Tee 2"x2"x2"    5 No. 750 
iii. Hose Nozzle 2"    8 No. 320 
iv. Nippel 2"     8 No. 400 
v. Gate Valve 2"    7 No. 1715 
vi. Pipe Joints 2"   2 No. 26 
vii. Coupler 2" in mainline No. 1 & 2   8 No.   2080 
 Total        Rs. 24,791 
 Percentage of Grand Total  34 
 

OTHER MATERIALS 

 
i. Cross 2"x2"x2"   1 No. 150 
ii. Clamps 2" 30 No. 450 
iii. Samad Bond    1 kg. 200 
iv. Cloth    3 m 60 
v.  Safeda  500 gms 50 
vi. Raingun with nozzle pegs   1 No. 3000 
 
 Total   Rs. 8,070 

 Percentage of Grand Total   11 
   
Total Materials Cost for the System Rs. 73,305 
Average Materials Cost per ha  Rs. 13831 
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Appendix IV.  Materials Used for Raingun Sprinkler Irrigation System 
Installed at Qadir Farm, Thatti Noor, Bhalwal, 
Sargodha, Pakistan. 

 
 Materials Quantity Amount(Rs.) 
 
1. Pumping Station 
 
a: Suction Line 
I.  Foot valve 2½" 1  342 
ii. Suction pipe (GI) 2½" 6 m   1320 
iii. Bend (GI) 2½" 1 No  130 
iv. Nippel (GI) 2½" 1 No  150 
v. Union (GI) 2½" 1 No  230 
 Total   2172 
 Percentage of Grand Total  2 
 
b: Delivery Line 
i. GI Nipple 2" 8 No.  400 
ii. GI Tee 2"x2"x½" 1 No.  176 
iii. GI Cross 2"x2"x2"x2" 1 No  150 
iv. GI Bush 2" x ½" 1 No.    25 
v. Pressure gauge 1 No.  450 
vi. Gate Valve 2" 2 No.  490 
vii. Union 2" 2 No.  270 
viii. Bends 2" 4 No.  320 
ix. Reducer 3" x 2" 2 No.  450 
x. Hose Nozzle 3" 2 No.  100 
xi. GI sockets 2" 2 No.  100 
xii. GI pipe 2" 14 ft.  672 
xiii. Nipple ½" 1 No.   7 
xiv.  Handle valve ½" 1 No.    65 
xv. Pump size 2"x2½" 1 No.       28,500 
xvi.  Prime Mover 18 hp Chinese  

Engine directly coupled with 
pump on Iron stand. 
Total    Rs.32,175 
Percentage of Grand Total   28 

2. Mainline No. 1 
i. LDPE pipe φ 75 mm  240 m    21600 
ii. GI joints φ 75 mm  20 No.     600 
iii. Coupler    6 No.   1560 
iv. Clamps 3" 30 No.  750 
v. GI pipe 2"   15 ft.  720 
vi. Tee 2"x2"x2"   6 No.  900 
vii. Nipple 2" 12 No.  600 
viii. Gate valves 2" 12 No.  2940 
ix. Coupler 2" 12 No.  3120 
x. Reducer 3"x2"   1 No.    225 
xi. GI plug 2"   1 No.      15 
xii. Hose Nozzle 3"   1 No.  50 
xiii. Screws 3/4" 80 No.  60 
 Total   Rs. 33,140 

 Percentage  29 
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3. Mainline No. 2 
i. LDPE pipe φ 3" 126 m   11340 
ii. LDPE pipe φ 2" 250 m   16250 
iii. Reducer 3"x2" 1 No.    225 
iv. Hose Nozzle 3" 1 No.  50 
v. Clamps 3" 2 No.  50 
vi. GI 2" pipe 15 ft.    720 
vii. GI Tee 2"x2"x2" 06 No.    900 
viii. Hose Nozzle 2" 12 No.    480 
ix. GI Nipple 2" 12 No.    600 
x. Gate Valve 2" 06 No.  1470 
xi. Elbow 2" 07 No.    455 
xii. Clamps 2" 20 No.    300 
xiii. Coupler (one end) 2"   6 No.  1560 
xiv.  GI joint 2"   1 No.   50 
xv. Screws 3/4" 50 No.   25 
 Total     Rs. 3,445 
 Percentage of Grand Total    30 
 
Other Materials 
i. Samad Bond  2 kg.  400 
ii. Safeda  100 gms    50 
iii. Silver Wire 20 m    30 
iv. Raingun wire pegs & nozzles  
 (PY1-30) 2 No.    6000 
v. Extension Pipe (LDPE 2" 100m   6500 
 Total   Rs.12,980 
 Percentage of Grand Total      11 
 
Total Materials Cost for the System  Rs. 1,14,942 
Average Materials Cost per ha Rs. 20,165 
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Pressurized Irrigation Technology 

Irrigation is often designed to maximize efficiency and minimize the labor and capital requirements of 

a particular irrigation system and, at the same time, maintain a favorable growing environment for the 

crop. Some managerial input is dependent on the type of irrigation system and the design of the 

system. For example, the degree of automation, the type of system, soil type, and topographical 

variations and management tools can influence the managerial decisions. The management 

decisions, which are common to all pressurized irrigation systems (sprinkler and trickle), regardless of 

the types, are the frequency of irrigation, depth of water to be applied, and measures to increase the 

uniformity of application. In addition, individual pressurized irrigation systems can be manipulated to 

greatly increase application efficiencies. 

In recent years, irrigation services have helped the farm manager with decisions on how much to 

apply and how frequently. Irrigation practices such as pre-irrigation (Rauni) before planting, irrigation 

to ensure emergence or the length of time per sprinkler set, are managerial inputs which influence 

water use efficiency over the season. 

SYSTEM SELECTION CONSIDERATIONS 

System Selection Criteria 

There are a large number of considerations, which must be taken into account in the selection of an 

irrigation system. These factors vary in importance from location to location and crop to crop. Briefly, 

these considerations include the compatibility of the system with other agricultural operations, 

economic factors, topographic limitations, soil properties and agronomic influences. 

Irrigation system for a field/farm must be compatible with the other existing farm operations such as 

land preparation, cultivation and harvesting practices. For instance, the use of the more efficient, 

large machinery requires longer and wider fields. 

Economic Considerations 

Type of pressurised irrigation system selected is also an economic decision. Some types of sprinkler 

systems have high per hectare costs and their use is, therefore, limited to high value crops. Other 

systems have high labour requirements, and some have fairly high operating costs. Trickle irrigation 

systems are cost-effective for fruit plants and creeper-type vegetables and very costly for field crops.  

Also, some systems have limitations with respect to the type of soil or the topography on which they 

can be used. The expected life of the system, fixed costs, and annual operation costs should also be 

included in the analysis while selecting an irrigation system. 
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Topographic Limitations 

Restrictions on irrigation system selection due to topography include groundwater levels, the location 

and relative elevation of the water source, field boundaries, area of each field, the location of roads, 

electricity and water lines, shape of the field, and field slope. The slope of the land is very important. 

Some types of pressurised irrigation systems can operate on slopes up to 20 percent or more. 

Shape of a field also determines the type of system. For instance, solid-set sprinklers can be adjusted 

to fit almost any field shape; whereas, a centre-pivot sprinkler must have approximately round-shaped 

fields. For a sideroll sprinkler, the field should be approximately rectangular in shape. Trickle irrigation 

technology can be adapted to almost any shape of the field/farm. 

Soil Characteristics 

Soil type, soil moisture holding capacity, the intake rate, and effective soil depth are the important 

factors for the type of system selected. For example, sandy soils have a high intake rate and accept 

high volume sprinklers and trickle irrigation systems, which would be unacceptable on a clay soil. 

Moisture-holding capacity will influence the size of the irrigation sets and frequency of irrigation as 

evidenced by a sandy soil with low moisture-holding capacity, which requires frequent and light 

applications of water. In this case, a centre-pivot or sideroll sprinkler system would perform 

satisfactorily. 

A number of other soil properties are also significant factors in considering the type of irrigation 

system that will be most advantageous in a particular situation. The interaction of water and soils due 

to physical, biological, and chemical processes has some influence on the hydraulic characteristics 

and tilth. Crusting and erodibility should be considered in each irrigation system design, and the 

spatial distribution of soil properties may be an important limitation on some methods of applying 

irrigation water. 

Water Supply 

Quality, quantity, and temporal distribution characteristics of the source of irrigation water have a 

significant bearing on the irrigation practices. Crop water requirements are essentially continuous 

during the growing season although varied in magnitude. A small, readily available water supply is 

best utilised in a small capacity irrigation system, which incorporates frequent applications. The 

depths applied per irrigation are, therefore, small in comparison to system having a large discharge 

available less frequently. 

Quality of the water in conjunction with the frequency of irrigation must be evaluated. Salinity is 

generally the most significant problem. A highly saline water supply must be applied more frequently 

and in large amount than good quality water. 



 iii 

Crop Factors 

Some of the factors associated with the crops being grown which influence the choice of irrigation 

system and its eventual management is summarised as: (i) tolerance of the crop during both 

development and maturation to soil salinity and aeration; (ii) magnitude and temporal distribution of 

water needs for maximum production; and (iii) economic value of the crop. 

SPRINKLER IRRIGATION TECHNOLOGY 

Selection of Sprinkler Irrigation System 

With careful consideration of the factors outlined above and others as the particular circumstance 

dictates, the right type of irrigation system can be selected. The array of available sprinkler systems 

makes this method of irrigation compatible in nearly any situation. For fields planted to trees, vines, or 

other perennial crops of similar nature, permanently located systems can operate effectively. Crops 

like berseem, sugarcane, or grains are best irrigated by a system whose parts can be moved away 

from the necessary cultural operations. 

Sprinkler irrigation systems are high initial investment and energy intensive. On the other hand, they 

are labor, water and fertilizer efficient. No expenditure is required for land leveling, but usually have 

maintenance requirements that can be more expensive than for surface irrigation systems. A major 

economic factor is the utility of the sprinkler systems in providing a cost-effective means of fertilizer 

and pesticide applications, and the control of plant environments through frost control and cooling. 

Cost of sprinkler irrigation systems is minimized when operated continuously during the critical 

demand period. Thus, these systems tend to favor conditions where the water supply is readily 

available. Applications tend to be smaller than with surface methods, which not only minimize system 

capacity, but also reduces the consequences of shallow or badly stratified soils. 

Advantages of Sprinkler Irrigation Systems 

Sprinkler irrigation systems are recommended and used on practically all types of soils, topographic 

conditions, and on almost all kinds of crops. Its flexibility and effective water control has permitted a 

wider range of soils to be irrigated that have surface water application methods, thereby allowing 

more land to be classed as irrigable. As a direct result, thousands of hectares of land in the United 

States, which was previously suitable only for dryland farming or as wasteland, is being irrigated 

today with high yield. This is particularly evident in eastern Colorado, western Nebraska and Kansas. 

Similar beginning is already made in the Potohwar plateau of Pakistan to provide supplemental 

irrigation to Barani lands. 

On some saline soils, as in the Imperial Valley of California, sprinklers are recommended for better 

leaching and crop germination. Sprinklers are especially desirable where soils have a high 
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permeability and/or low water holding capacity. Sprinklers can offer distinct advantages over other 

irrigation methods in dense soils with low permeability. In areas where labor and water costs are high, 

sprinklers can be the most economical way to apply water. In many cases, sprinklers have been 

shown to increase value, such as in the fresh vegetables and fruit market where color and quality are 

very important. 

Sprinklers often have multiple uses. The same equipment can be used for irrigation, crop cooling, 

frost control, and the application of pesticides, herbicides and fertilizers. In addition, sprinklers easily 

irrigate modern farming practices, which require large equipment and large fields for economical 

farming operations, with no reduction in efficiency. Many areas in the United States, which annually 

receive more than enough precipitation to satisfy crop requirements, are installing supplemental 

irrigation systems. This is due to the fact that usually there is no rain at exactly the right time in the 

required quantity. A timely irrigation at a critical crop growth stage, applying only a few centimeters of 

water, can offer more than double yield. 

Disadvantages of Sprinkler Irrigation Systems 

Sprinklers, like most physical systems, do have disadvantages. Damage to some crops has been 

observed when poor quality irrigation water is applied to the foliage by sprinklers. Poor quality water 

can leave undesirable deposits or coloring on the leaves or fruit of the crop. Sprinklers are also 

capable of increasing the incidence of certain crop diseases such as fire blight in pears, fungi or foliar 

bacteria.  

A major disadvantage of sprinklers is the relatively high cost, especially for solid-set systems, in 

comparison to surface irrigation methods. When gravity cannot supply sufficient head to operate the 

system, sprinklers can require large amount of energy to supply the necessary pressure. The 

advantages and disadvantages of sprinkler systems must be assessed economically with other 

irrigation methods. Likewise, individual types of sprinkler systems should be compared to one 

another. 

Sprinkler Irrigation Systems' Classification 

Sprinkler systems can be classified in such ways as portability, field layout; equipment used, and 

types of system being irrigated. Some researchers have found portability as useful criteria for 

describing the available sprinkler irrigation systems. Under this classification, a system is fully 

portable when all of the system components can be moved and fully permanent when none of them 

can. In the ensuing lines, a number of the more popular sprinkler systems are described using 

portability as the basis for classification. 



 v 

Solid-Set System 

A sprinkler system, which remains in a single location during an irrigation season and supplied by a 

fixed network of pipes is generally, regarded as a solid-set system. There is no unique field layout for 

solid-set system because of the many ways the piping system can be arranged, but there are two 

basic types of components - aluminum and plastic. Aluminum piping is typically laid along the ground 

surface and collected to provide access for cultivation type farming practices. Plastic pipes, usually 

PVC, are nearly always buried permanently because sunlight deteriorates the pipe. If Ultra Violet 

(UV) stabilizers and black carbon are added, the Low Density Polyethylene (LDPE) pipes can be 

installed on the surface. 

Solid-set systems irrigate the entire field with a single set of components and are, therefore, more 

costly than many other sprinkler piping. The labor and maintenance requirements of solid-set systems 

are minimal, but cultural operations such as cultivation, spraying, planting and harvesting may be 

restricted. As a result, solid-set systems are mostly applicable for crops with minimum cultural 

practices requirements. 

Move-stop Systems 

To reduce equipment needs and minimum interference with other farming operations, many sprinkler 

systems are designed to move the lateral pipelines from set to set. The movement itself can take on 

any form from the hand-moved lateral to the tractor-towed lateral; hence, the common use of names 

like hand move, end tow and sideroll sprinkler systems. 

Move-stop systems require more labor and maintenance than solid-set systems, but are less 

expensive to purchase and install. Energy requirements are approximately equivalent.  

Major disadvantage is the need to move the system from wet to dry areas, which not only increases 

the necessary capacity of the network but also tends to reduce crop yields by damaging the crops. 

Continuous-Move Systems 

A remedy to the labor, maintenance, and downtime problems with move-stop systems is the system 

that covers the irrigated area by continuously moving. Centre-pivot, linear move, and big gun systems 

are typical examples of the continuous move concept. Although the equipment must be automated 

and made mobile, some reduction in pipe lengths and pipe sizes is possible to offset higher 

equipment costs. 

Major advantage of the continuous-move system is labor saving. On a smaller scale, the sweeping 

action of these systems also tends to improve the irrigation uniformity. Mobility problems, sticky soils 

and difficulty in maintaining alignment plagued early systems. Today, a major problem is high 

precipitation rates leading to excessive field runoff and high-energy requirements. Nevertheless, the 

continuous move systems are the most popular and most widely used sprinkler systems in 
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agricultural applications in the United States and many other countries. In Pakistan, these systems 

are suitable for farms of over 100 acres in size. 

TRICKLE IRRIGATION TECHNOLOGY 

Introduction 

Trickle irrigation is a system where water and fertilizer are applied directly to individual plants, instead 

of irrigating the entire area with sprinkler and surface irrigation systems. For orchards and other 

widely spaced crops, it is accomplished with small diameter laterals running along each plant row. 

Emitters attached to the lateral supply water to each plant to meet crop water requirement. In the 

case of row or truck crops, thin-wall tubing are available with small diameter orifices, spaced at 

regular intervals along a thin-wall hose. 

With trickle irrigation, water may be provided to the crop on a low-tension, high frequency basis, 

thereby creating a near optimal soil moisture environment. Because of the high irrigation frequencies, 

very high water use efficiencies are possible. Water use efficiency, as used in this handbook, is 

defined as the crop yield per unit of applied water. Research indicates that using trickle irrigation as 

compared with surface irrigation systems can increase 50 percent or more water use efficiency. 

There are a large number of factors, which must be considered in the selection of an irrigation 

system. These factors vary in importance from location to location and crop to crop. These 

considerations include compatibility of the system with other agricultural operations, economic 

factors, topographic limitations, soil properties and agronomic influences. 

Choosing a Trickle Irrigation System 

With careful consideration of the factors outlined above and others as the particulars circumstance 

dictates, a right type of irrigation system can be selected. The array of available trickle irrigation 

system makes this method of irrigation compatible in almost any situation. For fields planted with 

trees, vines or other perennial crops of similar nature, permanently located systems can operate 

effectively. Vegetables are best irrigated by a system whose parts can be moved away from the 

necessary cultural operations. Standard trickle irrigation systems are not easily moved are, therefore, 

most compatible with trees and vines. It should be noted, however, that trickle irrigation systems are 

widely used in row crops. 

Trickle irrigation systems are high initial investment and energy intensive. But, at the same time, 

these are labour, water and fertilizer efficient. No investment is involved in land leveling, but usually 

there are maintenance requirements that can be more expensive than surface irrigation systems. A 

major economic factor is the utility of the trickle systems in providing a cost-effective means of 

fertilizer and pesticide applications. 
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Cost of trickle irrigation system is minimized when operated continuously during the critical demand 

period. Thus, these systems tend to favour conditions where available. Applications tend to be 

smaller than surface methods, which not only minimize system capacity, but also reduces the 

consequence of shallow or badly stratified soils. 

Advantages of Trickle Irrigation Systems 

Under proper system management, little water is lost to deep percolation, consumption by weeds, or 

soil surface evaporation. Research results reported in the United States indicate that trickle irrigation 

increased cotton yield by more than 8 percent. While using 24 percent less applied water as 

compared to surface irrigation. Trickle irrigation was also effective in controlling the return flow 

volume and in maintaining relatively low salinity levels in the soil adjacent to the emitters. 

In addition to reduced irrigation water requirements and minimization of return flows, trickle irrigation 

has other positive advantages, which are as follows: 

 Effective water control possible with trickle irrigation, water can be applied very efficiently. 

The portion of the soil with active roots needs to be irrigated, and soil evaporation losses can 

be reduced to a minimum. The low rate of water application reduces deep percolation losses. 

 High temporal soil water level can be maintained with trickle systems. This results in a 

favorable response by most crops in increasing yield and quality. 

 Trickle systems are generally permanent and have low labor requirements. 

 Fertilizer can be applied through trickle irrigation systems using fertilizer injectors. Effective 

control of water results in control over fertilizer application. However, the small amount of 

water lost through deep percolation results in minimum loss of fertilizer through leaching. 

 Wetted surface is only a fraction of the total soil surface. Consequently, there is a reduced 

potential for weed growth. 

 Plant canopy is completely dry under trickle systems. It reduces fungus incidence and other 

pests, which depend upon a moist environment. 

 Matric and osmotic potential are additive. The maintenance of a low matric potential is 

possible with trickle systems. This results in a lower overall potential, and hence a reduced 

stress under saline conditions. Therefore, some crops can be grown in areas, which would 

otherwise be unsuitable with conventional systems. The upper limit of suitable water for 

furrow irrigation is about 0.75 dS/m, while for trickle irrigation, water as salty as 4 dS/m has 

been used. Water with as little as 3 milli-equivalents/litre of sodium can be detrimental in 

sprinkler systems due to leaf burn. 

 Experiments on crops like tomatoes, grapes and sugar beets have resulted in significantly 

earlier maturation attained with other irrigation systems. 
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 Soil surface crusting is a significant problem in some soils. This can prevent emergency of 

plants, even if these have germinated properly. By maintaining constant high moisture 

contents, soil surface crusting can be eliminated. 

 There is no loss at the edge of fields as can occur through wind drift of sprinkler systems or 

runoff from surface systems. 

 Root penetration in some soils is minimal at low water contents; the high average water 

contents maintained with trickle systems alleviates this problem. 

 Theoretically, water can be applied with trickle irrigation systems at rates equal to the plant 

water use rate. 

A wetted profile develops in the root zone beneath each emitter. The shape of the profile is 

dependent on soil characteristics and is limited by horizontal flow constraints of the soil. The surface 

area between plant rows is dry, receiving moisture only from rainfall. Trickle irrigation system provides 

controlled irrigation for optimum yield for variety of crops. 

Disadvantages of Trickle Irrigation Systems 

There are number of problems and disadvantages with trickle irrigation systems. The most important 

one is that the small flows through emitters require small openings that have historically been plagued 

by clogging. With the smaller emitter orifices, more filtering and biological controls are needed. Great 

advances have been made to rectify this problem but it will always require the attention of the 

designer. 

Point or strip wetting is not always an advantage even though water savings and weed control are 

significant benefits. Salinity tends to accumulate a short distance from emitters and can be 

transported in the root zone in case of heavy rainfall. In addition, root zone tends to be smaller and 

more densely distributed. This can result in anchorage and aeration problems for some crops. 

Interestingly, some of the predatory insects' breed in the weeds around a field and some evidence 

have been reported that trickle irrigation may cause somewhat higher pesticides demand. In windy 

areas, dry regions between emitters can yield dust problem. 

Solid-set structure of trickle irrigation systems along with filtration requirements makes it a high cost 

technology, and applicable primarily to valuable row crops, orchards, and vineyards. 
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Feasibility of Pressurized Irrigation Systems in Pakistan 

POTENTIAL AREAS FOR PRESSURIZED IRRIGATION SYSTEMS 

Areas Outside the Indus Basin 

Initial capital cost of standard pressurized irrigation systems (sprinkler, trickle) is considered to be its 

limitation for large-scale adoption in Pakistan. Therefore, the high cost and economic consideration 

limit its use to fruit trees and vegetables of high value grown in specific areas. These areas include 

the following: 

 Areas of Balochistan province, where value of water is high and high value crops are grown. 

 Green belts around urban centres, where high value vegetables, fruits and fodder are grown. 

 Undulated sandy lands in the Thal, Thar and Cholistan deserts, which are having 

groundwater of reasonable quality. 

 Sandy and undulating riverine areas, where recession agriculture is practiced. 

 Un-commanded sandy high areas within Indus basin, which require huge investments for 

surface irrigation. 

 Fringe areas or where water is either saline or extremely scarce. 

 Northern Areas and Pothwar plateau where high value crops are grown on terraces with very 

coarse-textured soils. 

 Command areas of small dams like Khanpur dam, where citrus and leachi orchards are 

grown and the value of fruit is exceptionally high. 

In-efficiency of surface irrigation, probably 20 percent or less on sandy rough lands is well known. 

Thus the attractiveness of highly controlled pressurised irrigation is obvious, which has the potential 

to increase efficiency to 85 percent or more. Further, the use of trickle irrigation, which utilizes pipe to 

convey water to the crop fields or directly to plants makes the development of the most sandy lands 

and rough topography practical even with relatively saline water. Thus, existing water supplies can be 

greatly extended and a totally new class of lands becomes available for irrigation and development by 

application of pressurised irrigation technology. There is little question as to the technical feasibility of 

pressurised irrigation systems, which have already been substantiated on extensive installations 

throughout the world. The question we face in Pakistan is whether such systems or special 

adaptations are sociologically and economically practicable at present. 

Cost of the system depends mainly on the spacing of laterals. The cost of the unit and the net return 

from the crop should be compared before a decision is made on installing sprinkler or trickle irrigation 

system. The main item of expenditure is the cost of the lateral lines. For fruit trees, the trickle system 

is even more economical than sprinkler irrigation, whereas, for closely spaced vegetables sprinkler 

system is more feasible. The main item of expenditure is the lateral lines; however, the wider the row 
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spacing the lesser the initial cost. Crops like grapes, almond, apples, papayas, guava, citrus, coconut 

and other fruit trees can be grown well on trickle irrigation system, whereas high value vegetables can 

be cultivated by using sprinkler irrigation system. 

Indus Basin Command Area 

Inefficient water conveyance and field application by surface irrigation in the Indus Basin has created 

problems, which are as follows: 

 Waste of scarce water resources as the overall irrigation efficiency is as low as 36%; 

 Waterlogging of agricultural lands, as water table in 35% area of the basin is less than 3 m 

and thus these lands are regarded as waterlogged; 

 Waterlogging in the saline groundwater zone has resulted into salinization of land and 

shallow groundwater; 

 Secondary salinization and sodification of soils due to the use of marginal to brackish quality 

groundwater; 

 Low crop yields; and 

 Expensive programs to control problems caused by inefficient water utilisation, i.e. Salinity 

Control and Reclamation Projects. 

Because of these problems and due to increasing demands for additional irrigation development, 

there is an urgent need to control canal seepage losses, improve field water application efficiency, 

and establish good irrigation practices. 

At present, there are development programmes to control water losses from the extensive water 

delivery system in the Indus Basin. On the other hand, relatively little work is being done to establish 

efficient irrigation practices. Therefore, efforts are needed to improve existing surface irrigation and 

introduce sprinkler system of simple operation adaptable to farmers and crops and to physical 

conditions of the country. If we include the investments needed for land development and drainage in 

the Indus Basin, the investments required for the installation of pressurised irrigation systems seem 

feasible. 

Areas with Potential of Skimming Wells 

Exploitation of groundwater for agricultural, municipal and industrial uses is severely hampered in 

many parts of the world by the encroachment of brackish groundwater in response to fresh water 

withdrawals. Examples of brackish groundwater intrusion are common in coastal aquifers, but are 

sometimes present in inland aquifers as well. Probably, the most important example of the latter case 

exists in the Indus Basin Irrigation System (IBIS). The IBIS has caused disruption of hydraulic regime 

due to seepage from extensive water conveyance and distribution system, as well as deep 

percolation from irrigation and precipitation. The native groundwater that existed in the pre-irrigation 

period (early 19
th
 century) was salty because of the underlying geologic formation being of marine 
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origin. Now, this native salty groundwater is overlain by fresh groundwater due to seepage from rivers 

and canals of the IBIS. Thus, shallow fresh groundwater zone occurs between the native pre-

irrigation and the present day water tables. 

Near the rivers and canals, the fresh surface water seepage has improved the quality of the native 

groundwater to 120 to 150 m depths. However, in some areas, the thickness of the shallow 

groundwater zone ranges from less than 60 m along the margins of Doabs (area enclosed between 

two rivers) to 30 m or less in the lower or central parts of Doabs. Recently, it has been estimated that 

nearly 2000 billion m
3
 of fresh groundwater (mostly in the form of a thin layer) is lying on salty 

groundwater. Obviously, if proper technology is applied, the referred thin fresh groundwater layer can 

be skimmed from the aquifer with minimum disturbance of the salty groundwater zone. In the short 

irrigation water supply environment of Pakistan, such extractions would become a significant part of 

supplemental irrigation. 

With the explosion of pumping technology in the private sector, high capacity tubewells of more than 

28 lps discharge are being installed even in the thin fresh groundwater zones. Framers are normally 

interested to install tubewells of higher discharges to have efficient basin irrigation by reducing the 

advance time. This can be regarded as a psychological issue rather than based on techno-economics 

of tubewells or physical conditions of the aquifer. The discharge of skimming wells might be as low as 

3 lps and thus pressurised irrigation technology is necessary for efficient application. 

In such zones, these tubewells are likely to draw a substantial portion of their discharge from the salty 

groundwater. The primary problem is that the tubewell discharges are too large for the given physical 

situation of the aquifer. This is particularly true for the tubewells located in the central regions of 

Doabs in Punjab province of Pakistan. The exception would be tubewells located adjacent to rivers 

and large canals where large quantities of seepage are recharging the groundwater reservoir. 

Thus, if such tubewells are not replaced with fractional skimming wells, there is a serious concern that 

the pumped groundwater will become increasingly salty with time. Already, many high capacity public 

tubewells were closed at the request of farmers in these areas, as the pumped water has become 

salty (saline, saline-sodic or sodic) with time.  In addition, there is a high expectation that many 

private tubewells will have to be abandoned during the next coming years. Therefore, it is imperative 

to introduce fractional skimming well and pressurised irrigation technology to address these future 

concerns. 

STATE OF PRESSURIZED IRRIGATION IN PAKISTAN 

Sprinkler Irrigation 

Sprinkler irrigation is being introduced in the country. It has been installed in several demonstration 

plots in the country. Furthermore, progressive farmers are importing sophisticated systems such as 

centre pivots and linear move sprinkler machines. 
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Conventional sprinkler irrigation systems are capital intensive. Therefore, some modifications were 

needed to suit the socio-economic conditions and physical requirements in Pakistan. The sprinkler 

system can be used with gravity flow where hydraulic head is available, which will reduce the initial 

cost. Such locations are available in Northern Areas, NWFP and Balochistan 

Sprinkler irrigation system can easily be introduced for high value vegetables and fruits in areas 

where either value of water is high or soils are of light texture. Later on, the system can be extended 

to field crops if the economic conditions permit its installation. The recommended systems for various 

physical, social and economic conditions are presented in Table 1. 

Most of the system components of solid-set, hand move and Raingun sprinklers have been 

successfully manufactured in Pakistan, except the cost effective aluminum pipes would need to be 

imported or adaptations are needed to suit Pakistani conditions. Water Resources Research Institute 

(WRRI), National Agricultural Research Centre (NARC), Islamabad in collaboration with MECO Pvt. 

Ltd. Lahore developed a complete range of Raingun sprinkler systems using locally available 

materials and technology. The high-pressure low-density polyethylene pipes with black carbon and 

UV stabilizers were produced in collaboration with Griffon Pipe Industries, Pvt. Ltd., Lahore. These 

are available in 13, 25, 31.25, 37.5, 50, 62.5, 75 and 100 mm diameter, which can be used for 

pressures upto 120 psi. In the near future, other low-pressure systems will be developed. The 

estimated average installed cost of Raingun sprinkler irrigation system in Pakistan is in the range of 

Rs. 12,000-15,000 per acre for a system of atleast 5 acres using electric/diesel operated pumping 

systems. The cost of portable Raingun sprinkler irrigation systems will be much less but difficult to 

operate due to movement of pipelines. However, portable systems will be more economical, where 

water availability supports the use of portable systems. 

Table 1. Recommended Raingun sprinkler irrigation systems for various physical and socio-

economic conditions in Pakistan. 

Farm Size 
(acres) 

Raingun Model Working Head 
(m) 

Type of Prime Mover Area of Coverage Per 
Setting (acres) 

4 PY1-20 30-40 Electric/Diesel 0.40 

10 PY1-30 30-40 Electric/Diesel 0.64 

20 PY1-40 30-45 Electric/Diesel 1.00 

30 PY1-50 40-50 Electric/Diesel 1.40 

40 PY1-60 50-60 Electric/Diesel 1.83 

50 PY1-60 50-60 Electric/PTO driven 2.10 

60 PY1-80 60-70 PTO driven 2.50 

100 PY1-80 70-80 PTO driven 3.80 
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In general, the mainline and manifolds of Raingun sprinkler irrigation systems are buried in the 

ground and hydrants are installed to provide water through flexible laterals for sprinkler irrigation. 

These systems are adopted by farmers, especially those who are interested for inter-culture between 

rows of fruit plants. In the Barani areas, where the field conditions permits, the use of portable 

Raingun sprinkler systems is more feasible for supplemental irrigation to wheat and chickpea. In 

areas of chickpea cultivation, one irrigation at planting or critical stages of crop development can 

double the yield. Thus economics of sprinkler irrigation is very attractive. 

Trickle Irrigation 

Trickle irrigation is being introduced in Pakistan. The most significant effort is the incorporation of 200 

ha of trickle irrigation in the Balochistan province, planned by the Government of Balochistan and 

financed by the Asian Development Bank (ADB). 

Additional trickle irrigation installations include the FAO supported Deciduous Fruit Development 

Centre, Sariab, Quetta; five demonstration plots installed by Agricultural Development Bank of 

Pakistan (ADBP); a coconut farm in Uthal, and several small-scale systems installed in the green belt 

areas of urban centres. Some demonstration plots were also installed in different parts of the country 

in collaboration with PARC. 

According to an estimate, there are over 500 ha under trickle irrigation in Pakistan, which cover 

deciduous fruits and forest plants. The area will increase significantly during the next few years. 

Especially the development and indignization of trickle irrigation technology by PARC in collaboration 

with M/S Griffon Pipe Industries, Pvt. Ltd., Lahore will help to extend this technology in Pakistan. 

Other PE Plastic Pipe Industries can also provide materials for trickle irrigation and WRRI-NARC in 

future will develop a network of such industries through its Technology Development Support 

Programme.  

Innovative Adaptations 

Conventional trickle irrigation system provides optimum soil-water regimes when properly designed, 

installed and managed, and requires a minimum of labour. However, at the beginning, the pressure 

compensating emitters would have to be imported. But, sooner, these would be manufactured in 

Pakistan. PARC in collaboration with M/S Griffon Pipe Industries, Pvt. Ltd., Lahore have developed 

low-density polyethylene (LDPE) tubing with carbon and UV stabilizers. They have also produced 

emitters, which include spiral emitters, turbo emitters, and micro tubing. Connections and filters are 

also locally manufactured. The quality of these products is similar to ASTM standards as tested by 

Plastic Technology Centre, Karachi. The estimated material cost of locally manufactured standard 

trickle irrigation system in Pakistan is not more than Rs. 12,000 per acre, including the cost of pump 

and electric motor, for systems of at least 5 acres. Efforts are underway to reduce this cost further 

through innovative adaptations. 
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MODIFIED HOSE-FED IRRIGATION SYSTEMS 

In essence, the innovative adaptation of this form of irrigation involves the use of portable hoses to 

supply water directly to small basins around each tree or near to each plant. The hoses can be 

systematically moved within the orchard to complete irrigation every four days on sandy soils to 

further reduce the installation cost. The system could be redesigned for longer irrigation intervals 

where soil conditions permit. 

In these systems, the water will leave the tubewell, pass through a simple strainer or filter, a fertilizer 

injection device, flow meters and through pipelines that feed the hoses. The water will only make exit 

from the system at and into the basins provided at each tree and there will be no chance for losses 

except through poor distribution or over-irrigation of the basins. If the labourers systematically move 

the hoses, the overall efficiency of the system will be in the neighborhood of 90 percent. However, the 

conveyance efficiency is around 100% due to complete elimination of transit losses. 

Modified hose-fed concept is particularly adaptable in Pakistan since it makes a reasonable 

compromise between labour and resource inputs. These systems should provide optimum water 

management on all types of soils for a variety of vegetables and fruit orchards. Furthermore, Griffon 

Pipe Industries Pvt. Ltd., Lahore using locally available resources and existing machinery, now 

manufactures all of the components of these systems. The system needs to be designed in a 

simplified way so that it can be understood and operated by the farming community. 

These adaptations are also suitable for matured orchards, which were initially developed on flood 

irrigation and farmers want to convert due to shortage of water. Trickle irrigation design for matured 

orchards, which were raised on flood irrigation, is not only complex due to extended root system but 

also costly. Therefore, such adaptations are essential for matured orchards to develop feasible and 

cost-effective systems. 

Low-density polyethylene (LDPE) pipes developed for pressurised irrigation systems are not 

sufficiently flexible to use as a hose, which can be moved by labour to reduce the capital cost. 

Therefore, PVC flexible hose can be used as laterals, which can be moved manually. 

Modified hose-fed irrigation systems are costly compared to flood irrigation in terms of capital cost, 

but they are economical in terms of operational cost due to increase in electricity tariff and diesel 

prices. Furthermore, large discharges are required for flood irrigation. For pipe-flow irrigation systems, 

water is applied directly to plants, which requires much less amount of water. At least the water 

required is reduced to one-third to one-fourth. This is a substantial saving in terms of electricity or 

diesel. Furthermore, the size of the prime mover can be reduced tremendously. For, example, the 

system installed at the Ayub Farms in Khanpur on 20 acres of orchards requires only 3 hp on single-

phase system. Thus residential electricity connections can be used for small to medium size farms, if 

sufficient power supply is available.  
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MODIFIED HOSE-FED FERTIGATION SYSTEMS 

As the hose-fed system requires some initial capital cost, therefore efforts were made to convert 

irrigation systems to fertigation systems, so that productivity of orchards can be increased alongwith 

improved quality of the marketable products. Simple innovative techniques were used for designing 

fertigation systems. One such system has been established at Ayub Farms, Khanpur area, where 

organic and chemical fertilisers are used in the water storage tank and fertigation is applied. Effective 

microorganisms are used to ferment the organic materials. The mixing of chemical fertilisers with 

organic composts would also enhance the efficiency of chemical fertilisers. Furthermore, the input of 

chemical fertilisers will reduce due to reduced losses of nitrate leaching. Thus it is estimated that the 

input of fertilisers might reduce to half.  
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Pipeline Hydraulics and Design Equations 

INTRODUCTION 

Energy losses occur in the pipeline due to friction and elevation changes. The Bernoulli Equation 

describes the change in energy in the pipeline between two points. 

[Z1 + H1 + ( V
2 
/2g) ] =  [Z2 +  H2 + ( V

2 
/2g) +  hf]    (1) 

Where, 

 Z = elevation above an arbitrary datum, m; 

 H = pressure head defined as the pressure divided by the  

specific weight of water, m; 

 V = velocity of flow, m/sec; 

 G = gravitational constant, 9.81 m/sec
2
; and 

 hf  = frictional headloss. 

For constant flow conditions the equation (1) reduced to: 

H1 = [H2 + hf + (Z2 - Z1)]       (2) 

Basic System Hydraulics 

Pressurized irrigation system designer has two principal hydraulic problems: 1) evaluation of pipe flow 

without multiple outlets (mains, submains, and auxiliaries); and 2) evaluation of pipe flow with multiple 

outlets (laterals and manifolds). The basis for design will be the selection of pipe sizes such that 

energy losses do not exceed prescribed limits ensuring that efficiencies and uniformity will be high. 

Fundamental Flow Equations 

Flow of water in pipes is always accompanied by a loss of pressure head due to friction. The 

magnitude of the loss depends on the interior roughness of the pipe walls, the diameter of the pipe, 

the viscosity of the water, and the flow velocity. These factors are lumped into friction coefficients 

based on experimental data. 

There are several common equations for computing headloss in pipelines. Probably the most 

commonly used equation in irrigation calculations is the Hazen - Williams formula: 

hf    =  [{ K(Q/C)
1.852

}/ { D
4.87

}]* L      (3) 

Where, 

 K = 1.21 x 10
10

; 
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 Q = pipeline discharge, lps; 

 C = friction coefficient for pipe sections, 140-150 for plastic manifolds and  

   laterals, 120-140 for main lines without discharging outlets; 

 D = inside diameter, mm; 

 L = pipeline length, m; and 

 hf = frictional head loss, m. 

Hazen-Williams substantially under estimates friction losses when the Reynolds number approaches 

the laminar range of values. A more correct equation is the Darcy-Weisbach: 

hf   =  f {L V
2
 / D* 2g}        (4) 

Where, 

 L = pipe length, m; 

 D =  pipe diameter, m; 

 V = average flow velocity, m/sec; 

 G = gravitational constant, 9.81 m/sec
2
; and 

 f  = frictional factor. 

Friction coefficient, 'f', is determined as a function of the Reynolds number and the relative roughness 

of the pipe. The Reynolds number can be calculated using: 

Re = 1.26 * 10
6
 * {Q/D}        (5) 

In which; 

 Re = Reynolds number, 

 Q = pipe discharge, lps; and 

 D = pipe inner diameter, mm. 

 Then the value of 'f' is determined as follows: 

f ={64/Re}                   for Re < 2100      (6) 

f ={0.04}                2100 < Re < 3000      (7) 

f  = {0.32/Re
0.25

}      3000 < Re < 10
5
      (8) 

f ={0.13/ Re
0.172

}      10
5
 < Re < 10

7
      (9) 

Substitution of Eqns. 6, 7, 8 and 9 into (4) resulted into simplified expression. Values of constants are 

given in Table 2. 
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hf   = {Ai * Q
mi

 * L/ D
Pi

}        (10) 

Where, 

mi = {Pi - 3}         (11) 

Friction losses are also induced in the pipelines due to fittings, bends, changes in cross-sectional 

area, and entrances. These are generally evaluated as a function of velocity head in the pipe as 

follows:  

hf'  = [ KF { V
2 
/ 2g}]        (12) 

The values of 'KF'' are presented in Appendix-I. 

Table 2. Values of constants for Darcy-Weisbach equation.  

I Ai PI R 

1 4.1969*10
3
 4 Re < 2100 

2 3.3051*10
6
 5 2100 < Re < 3000 

3 7.8918*10
5
 4.75 3000 < Re < 10

5
 

4 9.5896*10
5
 4.828 10

5
  < Re < 10

7
 

Hazen-William 

(C = 140) 

 

1.283*10
6
 

 

4.852 

 

10
5
  < Re < 10

7
 

 

Headloss in Pipes with Multiple, Equally Spaced Outlets 

Flow of water in a pipe having multiple, equally spaced outlets will have less headloss than a similar 

pipe transmitting the entire flow over its length because the flow steadily diminishes each time an 

outlet is passed. Computations start from the distal outlet. Christiansen developed the concept of a "F 

factor", which accounts for the effect of the outlets. When the first outlet is one outlet spacing from the 

lateral or manifold inlet: 

F = [1/(m+1)] + [1/2N] + [ {m-1}0.5 / 6N2]      (13) 

In which, 

 F  = fraction of the headloss under constant discharge conditions expected with the 

multiple outlet case; 

 M = 1.85 for Hazren-Williams equation; 

 M = 2.0 for the Darcy-Weisbach equation; and 

 N = number of outlets along the pipe. 
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For situation where first outlet is only one-half the spacing from the inlet. 

F' ={2N/(2N-1)}*F - {1/(2N-1)}       (14) 

Computing the head loss using the inlet discharge and then multiplying this value find pressure head 

loss in the pipe having multiple outlets by F or F'. 

Pressure Distribution Assuming Constant Outlet Flow 

Flow conditions in lateral and manifold lines are generally steady and spatially varied, with decreasing 

discharge along the line. The discharge at any point along the pipe can be expressed. 

QL  =  {N - (L/Ss)}* q        (15) 

L = N * Ss         (16) 

QL = {(q/Ss) * (L - L')}        (17) 

Where, 

 QL = pipe discharge at a particular point, lps; 

 L' = distance measured from the inlet end, m; 

 Ss = sprinkler spacing, m; 

 N = total number of sprinklers along the pipe; and 

 Q = sprinkler discharge, lps. 

Pressure distribution in the lateral or manifold can be described in terms of the pressure at a distance 

L' meter from the pipe inlet. 

HL = [H1 - RL hf + {(Z1 - Z2) * (L'/L)}]      (18) 

Where, 

 H1  = pressure at the inlet, m; 

 Z1,Z2 = elevation at the pipe inlet and its distal end, respectively, m; 

 RL = friction drop ratio; 

 L' = any point distance from inlet, and 

 hf = total headloss in pipe. 

And 

hf = [{aL
Pi-2

}/ { Pi - 2}]        (19) 

a =  [ {Ai (q/Ss)
Pi-3 

}/ D
Pi 

]       (20) 

RL = 1 - [{(L-L')/L}]
Pi-2

        (21) 
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Friction Loss in Pipes with Multiple Diameters 

It is often possible to design irrigation pipelines with two or more diameters in order to achieve a 

desired headloss in the pipe network. 

Consider a pipeline of length L consisting of two pipe diameters, DL and Ds, representing large and 

small pipes, respectively. Large pipe always at the upstream of the small pipe. 

Then 

L = [LL + Ls]         (22) 

NL = [ LL / Ss]          (23) 

Ns = [Ls / Ss]         (24) 

Procedure for calculating the headloss utilizes equations (4) and (14) as follows: 

a) Calculate the headloss for the flow in the smaller pipe: 

(hf)s = [hf {Ds, Qs, Ls} * F {Ns, m}]      (25) 

b) Calculate the headloss for the flow of the small pipe but in the large diameter pipe: 

(hf)L' = [hf {DL, Qs, Ls} * F {Ns, m}]      (26) 

c) Calculate the headloss for the inlet flow to the large pipe having a length equal to L: 

(hf)L = [hf {DL, Q, L}* F {N, m}]       (27) 

d) Then, the total pressure headloss is: 

hf = [(hf)s - (hf)L' + (hf)L ]        (28) 

Pressurized Irrigation System Design Equations 

Pressurized irrigation system design is somewhat of an iterative procedure in which successive 

adjustments to the design may be made to correct a deficiency that may show up in checking the 

designs. There will be several alternative designs that will satisfy the field criteria. 

Capacity of pressurized irrigation system is based on the 10-day average peak demand. At each 

irrigation, the gross depth to apply is given as: 

Da = {f * Taw * Ea}        (29) 

Where 

 Da = gross average water application, mm; 

 f  = allowable soil moisture depletion expressed as a fraction; 

 Taw = total available soil moisture in the root zone, mm; and 
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 Ea = application efficiency expressed as a fraction. 

Frequency with which this depth must be applied is: 

Ii  ={ f * Taw / Et}         (30) 

Where 

 Ii  = irrigation interval in days; and 

 Et  = design Et rate, mm/day. 

For stationary sprinkler systems, the sprinkler application rate can be determined by: 

D = [{Da * N'  }/{Ii * Td   }] = [{N' * Et}/{Ea * Td}]     (31) 

Where 

 D = average application rate, mm/hr; 

 N' = number of sets per irrigation; and 

 Td = number of hours per day the system operates. 

For trickle irrigation systems, the discharge per unit area can be determined by: 

Q1 = [{ 2.7778 A * Da}/{ Ii * Td }] = [{2.7778 A * Et}/{Ea * Td}]   (32) 

Where 

 Q1 = system discharge per unit area, lps/ha; 

 Da = gross average application, mm. and 

 Td = number of hours per day the system operates. 

 A = field area, ha. 

Kostiakov infiltration function is described as: 

Z = [a T
b
]         (33) 

Where 

 Z = cumulative infiltration, mm; 

 T = hours since infiltration begins; and 

 a, b = empirical functions 

Total number of sprinkler in operation at one time, Ns, should be limited by: 

Ns = [QL/qs]         (34) 

Where 
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 QL = discharge of manifold or lateral line, lps; 

 qs = sprinkler or emitters discharge, lps; and 

 Ns = number of sprinklers or emitters. 

Frictional Head Loss in PE Pipes Using Hazen-William Formulae 

Frictional Head Loss for Laterals of Trickle Irrigation Systems 

Frictional head loss for LDPE pipes of 13 and 16 mm inner diameter (ID) were estimated using 

Hazen-William Formulae and presented in Tables 3 and 4, respectively. The ID of 13 or 16 mm is 

normally used for lateral lines to deliver water to individual plants through emission points. 

Table 3. Friction head loss (m/100 m) for 13-mm diameter PE Pipe used as lateral for trickle 

irrigation systems in Pakistan. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

0.01 0.13 0.11 0.10 0.08 

0.02 0.46 0.39 0.34 0.30 

0.03 0.97 0.84 0.73 0.64 

0.04 1.65 1.43 1.24 1.09 

0.05 2.50 2.15 1.88 1.65 

 

Table 4. Friction head loss (m/100 m) for 16-mm diameter PE Pipe used as lateral for Trickle 

irrigation systems in Pakistan. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

0.01 0.05 0.04 0.03 0.03 

0.02 0.17 0.14 0.13 0.11 

0.03 0.35 0.30 0.27 0.23 

0.04 0.60 0.52 0.45 0.40 

0.05 0.91 0.78 0.68 0.60 

0.06 1.27 1.10 0.96 0.84 

0.07 1.70 1.46 1.27 1.12 

0.08 2.17 1.87 1.63 1.44 

0.09 2.70 2.33 2.03 1.79 

0.10 3.28 2.83 2.47 2.17 
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Frictional Head Loss for Manifolds of Trickle Irrigation Systems 

Frictional head loss for LDPE pipes of 25, 31.25 and 37.5 mm inner diameter (ID) were estimated 

using Hazen-William Formulae and presented in Tables 5 to 7, respectively. The ID of 25, 31.25 and 

37.5 mm are normally used for manifolds to deliver water to laterals of the Trickle irrigation systems. 

Table 5. Friction head loss (m/100 m) for 25-mm diameter PE Pipe used as manifolds to 

deliver water to laterals of Trickle irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

0.10 0.37 0.32 0.28 0.25 

0.12 0.52 0.45 0.39 0.35 

0.14 0.70 0.60 0.52 0.46 

0.16 0.89 0.77 0.67 0.59 

0.18 1.11 0.96 0.83 0.73 

0.20 1.35 1.16 1.01 0.89 

0.22 1.61 1.39 1.21 1.06 

0.24 1.89 1.63 1.42 1.25 

0.26 2.19 1.89 1.65 1.45 

0.28 2.51 2.17 1.89 1.66 

0.30 2.86 2.46 2.15 1.89 

0.32 3.22 2.78 2.42 2.13 

0.34 3.60 3.11 2.71 2.38 

0.36 4.00 3.45 3.01 2.65 

0.38 4.43 3.82 3.33 2.93 

0.40 4.87 4.20 3.66 3.22 

Table 6. Friction head loss (m/100 m) for 31.25-mm diameter PE Pipe used as manifolds to 

deliver water to laterals of Trickle irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 
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0.20 0.45 0.39 0.34 0.30 

0.22 0.54 0.47 0.41 0.36 

0.24 0.64 0.55 0.48 0.42 

0.26 0.74 0.64 0.56 0.49 

0.28 0.85 0.73 0.64 0.56 

0.30 0.96 0.83 0.72 0.64 

0.32 1.09 0.94 0.82 0.72 

0.34 1.21 1.05 0.91 0.80 

0.36 1.35 1.16 1.02 0.89 

0.38 1.49 1.29 1.12 0.99 

0.40 1.64 1.42 1.23 1.09 

0.42 1.80 1.55 1.35 1.19 

0.44 1.96 1.69 1.47 1.30 

0.46 2.13 1.83 1.60 1.41 

0.48 2.30 1.98 1.73 1.52 

0.50 2.48 2.14 1.87 1.64 

0.52 2.67 2.30 2.01 1.77 

0.54 2.86 2.47 2.15 1.89 

0.56 3.06 2.64 2.30 2.02 

0.58 3.27 2.82 2.46 2.16 

0.60 3.48 3.00 2.61 2.30 

Table 7. Friction head loss (m/100 m) for 37.5-mm diameter PE Pipe used as manifolds to 

deliver water to laterals of Trickle irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

0.30 0.40 0.34 0.30 0.26 

0.32 0.45 0.39 0.34 0.30 

0.34 0.50 0.43 0.38 0.33 
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0.36 0.56 0.48 0.42 0.37 

0.38 0.61 0.53 0.46 0.41 

0.40 0.68 0.58 0.51 0.45 

0.42 0.74 0.64 0.56 0.49 

0.44 0.81 0.69 0.61 0.53 

0.46 0.88 0.75 0.66 0.58 

0.48 0.95 0.82 0.71 0.63 

0.50 1.02 0.88 0.77 0.68 

0.52 1.10 0.95 0.83 0.73 

0.54 1.18 1.02 0.89 0.78 

0.56 1.26 1.09 0.95 0.83 

0.58 1.34 1.16 1.01 0.89 

0.60 1.43 1.23 1.08 0.95 

0.62 1.52 1.31 1.14 1.01 

0.64 1.61 1.39 1.21 1.07 

0.66 1.71 1.47 1.28 1.13 

0.68 1.80 1.56 1.36 1.19 

0.70 1.90 1.64 1.43 1.26 

0.72 2.01 1.73 1.51 1.33 

0.74 2.11 1.82 1.59 1.40 

0.76 2.22 1.91 1.67 1.47 

0.78 2.33 2.01 1.75 1.54 

0.80 2.44 2.10 1.83 1.61 

0.82 2.55 2.20 1.92 1.69 

0.84 2.67 2.30 2.01 1.77 

0.86 2.79 2.40 2.10 1.84 

0.88 2.91 2.51 2.19 1.92 
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0.90 3.03 2.62 2.28 2.01 

0.92 3.16 2.72 2.37 2.09 

0.94 3.29 2.83 2.47 2.17 

0.96 3.42 2.95 2.57 2.26 

0.98 3.55 3.06 2.67 2.35 

1.00 3.69 3.18 2.77 2.44 

Table 8. Friction head loss (m/100 m) for 50-mm diameter PE Pipe used for mainlines of 

Pressurised irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

1.0 0.91 0.78 0.68 0.60 

1.2 1.27 1.10 0.96 0.84 

1.4 1.69 1.46 1.27 1.12 

1.6 2.17 1.87 1.63 1.43 

1.8 2.70 2.33 2.03 1.78 

2.0 3.28 2.83 2.46 2.17 

2.2 3.91 3.37 2.94 2.59 

2.4 4.60 3.96 3.45 3.04 

2.6 5.33 4.60 4.01 3.53 

2.8 6.11 5.27 4.60 4.04 

3.0 6.95 5.99 5.22 4.60 
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Frictional Head Loss for Mainlines of Pressurized Irrigation Systems 

Frictional head loss for LDPE pipes of 50, 62.5, 75 and 100 mm inner diameter (ID) were estimated 

using Hazen-William Formulae and presented in Tables 8 to 11, respectively. The ID of 50, 62.5, 75 

and 100 mm are normally used for mainlines to deliver water to manifolds or laterals of the 

Pressurized irrigation systems. 

Table 9. Friction head loss (m/100 m) for 62.5-mm diameter PE Pipe used for mainlines of 

Pressurized irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

2.0 1.11 0.95 0.83 0.73 

2.2 1.32 1.14 0.99 0.87 

2.4 1.55 1.34 1.17 1.03 

2.6 1.80 1.55 1.35 1.19 

2.8 2.06 1.78 1.55 1.36 

3.0 2.34 2.02 1.76 1.55 

3.2 2.64 2.28 1.98 1.75 

3.4 2.95 2.55 2.22 1.95 

3.6 3.28 2.83 2.47 2.17 

3.8 3.63 3.13 2.73 2.40 

4.0 3.99 3.44 3.00 2.64 

4.2 4.37 3.77 3.28 2.89 

4.4 4.76 4.11 3.58 3.15 

4.6 5.17 4.46 3.89 3.42 

4.8 5.60 4.82 4.21 3.70 

5.0 6.04 5.20 4.54 3.99 

Table 10  Friction head loss (m/100 m) for 75 mm diameter PE Pipe used for mainlines of 

Pressurized irrigation systems. 

Discharge Friction Loss (m/100m) 
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(lps) C=120 C=130 C=140 C=150 

3.0 0.96 0.83 0.72 0.64 

3.2 1.09 0.94 0.82 0.72 

3.4 1.22 1.05 0.91 0.80 

3.6 1.35 1.17 1.02 0.89 

3.8 1.49 1.29 1.12 0.99 

4.0 1.64 1.42 1.23 1.09 

4.2 1.80 1.55 1.35 1.19 

4.4 1.96 1.69 1.47 1.30 

4.6 2.13 1.84 1.60 1.41 

4.8 2.30 1.99 1.73 1.52 

5.0 2.48 2.14 1.87 1.64 

5.2 2.67 2.30 2.01 1.77 

5.4 2.86 2.47 2.15 1.89 

5.6 3.06 2.64 2.30 2.03 

5.8 3.27 2.82 2.46 2.16 

6.0 3.48 3.00 2.62 2.30 

6.2 3.70 3.19 2.78 2.45 

6.4 3.92 3.38 2.95 2.60 

6.6 4.15 3.58 3.12 2.75 

6.8 4.39 3.78 3.30 2.90 

7.0 4.63 3.99 3.48 3.06 

7.2 4.88 4.21 3.67 3.23 

7.4 5.13 4.43 3.86 3.40 

7.6 5.39 4.65 4.05 3.57 

7.8 5.66 4.88 4.25 3.74 

8.0 5.93 5.11 4.46 3.92 

8.2 6.21 5.35 4.67 4.11 

8.4 6.49 5.60 4.88 4.29 

8.6 6.78 5.85 5.10 4.49 

8.8 7.08 6.10 5.32 4.68 

9.0 7.38 6.36 5.54 4.88 

9.2 7.68 6.62 5.77 5.08 

9.4 8.00 6.89 6.01 5.29 

9.6 8.31 7.17 6.25 5.50 

9.8 8.64 7.45 6.49 5.71 
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10.0 8.97 7.73 6.74 5.93 

 

Table 11. Friction head loss (m/100 m) for 100-mm diameter PE Pipe used as mainline for 

Pressurized irrigation systems. 

Discharge Friction Loss (m/100m) 

(lps)   C=120 C=130 C=140 C=150 

5.0 0.61 0.53 0.46 0.40 

5.2 0.66 0.57 0.49 0.44 

5.4 0.71 0.61 0.53 0.47 

5.6 0.75 0.65 0.57 0.50 

5.8 0.81 0.69 0.61 0.53 

6.0 0.86 0.74 0.64 0.57 

6.2 0.91 0.79 0.68 0.60 

6.4 0.97 0.83 0.73 0.64 

6.6 1.02 0.88 0.77 0.68 

6.8 1.08 0.93 0.81 0.72 

7.0 1.14 0.98 0.86 0.75 

7.2 1.20 1.04 0.90 0.80 

7.4 1.26 1.09 0.95 0.84 

7.6 1.33 1.15 1.00 0.88 

7.8 1.39 1.20 1.05 0.92 

8.0 1.46 1.26 1.10 0.97 

8.2 1.53 1.32 1.15 1.01 

8.4 1.60 1.38 1.20 1.06 

8.6 1.67 1.44 1.26 1.10 

8.8 1.74 1.50 1.31 1.15 

9.0 1.82 1.57 1.37 1.20 

9.2 1.89 1.63 1.42 1.25 

9.4 1.97 1.70 1.48 1.30 

9.6 2.05 1.77 1.54 1.35 

9.8 2.13 1.83 1.60 1.41 

10.0 2.21 1.90 1.66 1.46 

10.2 2.29 1.98 1.72 1.52 

10.4 2.38 2.05 1.79 1.57 

10.6 2.46 2.12 1.85 1.63 

10.8 2.55 2.20 1.91 1.68 
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11.0 2.64 2.27 1.98 1.74 

11.2 2.72 2.35 2.05 1.80 

11.4 2.82 2.43 2.12 1.86 

11.6 2.91 2.51 2.19 1.92 

11.8 3.00 2.59 2.26 1.99 

12.0 3.10 2.67 2.33 2.05 

RAINGUN SPRINKLER IRRIGATION SYSTEMS 

Introduction 

Raingun sprinkler irrigation system is designed to provide irrigation in areas where surface irrigation is 

either not possible or huge investments are required for land forming. In Barani areas, the yields of 

major crops are 30-50% of the national average yields mainly because of drought and lack of 

available moisture at critical crop growth stages. The planting of crops is normally delayed due to lack 

of moisture and farmers do wait for rainfall. The plant population is also low due to non-uniform and 

inadequate moisture in unleveled fields. In certain areas, the crop failures are also common, if dry 

spells are prolonged. 

Considering problems of low crop yield and low cropping intensity, there is a need to introduce 

supplemental or life saving irrigation in areas where water is available. Water is available through 

dugwells, tubewells, mini/small dams, lakes and nullahs. At present, there are around 34 small and 

over 200 mini dams in the Punjab Barani tract. But due to non-availability of an appropriate irrigation 

system, only 30 and 10% of the deigned command area of small and mini dams, respectively, have 

been developed for irrigation. 

Some farmers are practicing lift irrigation. But due to insufficient engineering and scientific support 

available for land forming farmers are facing difficulty to form their lands for surface irrigation. The 

only option left for Barani areas is to use sprinkler irrigation because water is of high value in these 

areas. Therefore, the need arise to reduce irrigation input because operational cost of sprinkler 

irrigation will certainly increase cost of production. Therefore, it is important to efficiently use available 

rainfall with an objective to reduce irrigation input. This may require conjunctive use of rainfall and 

sprinkler irrigation with an objective to reduce the cost of production and optimize farmers' net return 

in Barani areas. 

For sustainable Barani farming, the development of conservation terrace farming system is a pre-

requisite. Therefore, efforts must be made to develop an integrated strategy for increasing crop 

production and cropping intensity in Barani Areas. 

In irrigated areas, especially at tail-end reaches and for sodic soils, there is shortage of canal water 

supplies. Raingun sprinkler systems can provide light and frequent irrigation of as small as 1-mm 
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depth. Shallow and frequent irrigation to sodic soils help to avoid ponding and thus emergence of 

crops is much better. Furthermore, shortages of canal supplies can be taken care through efficient 

irrigation water conveyance, application and uniformity. Thus dependence on saline-sodic or sodic 

groundwater can be either minimized or eliminated.  

Dry spells and droughts had affected the production and quality of citrus and Leachi fruits in the 

country. Therefore, sprinkler irrigation can be used for cooling and frost control. Cleaning the foliage 

also helps to improve photosynthetic activity and thus productivity is improved. Foliar application of 

EM and other chemicals is possible to enhance quality of fruits. 

In this handbook efforts have been made to present some of the designs for electric motor and diesel 

engine operated sprinkler systems. These designs will hold good for areas where peak demand of 

crop is around 5 mm per day. For other areas, necessary adjustments may be made for farm size and 

crop water requirement. However, system design procedures will hold well in almost every situation 

especially for the Barani tract of the Pothwar plateau. 

Peak Crop Water Requirements 

Peak crop water requirements are used as design peak water requirement for pressurized irrigation 

systems. The peak crop water requirements of four selected crops and for five agro-climatic zones 

are presented in Table 12. 

Table 12. Peak crop water requirement of four major crops and for five agro-climatic zones of 

Pakistan for design of Raingun Sprinkler irrigation systems. 

Crops Peak Crop Water Requirement (mm/day) 

Faisalabad Bhalwal Mianchannu Bhakkar Tandojam 

Wheat 4.0 4.0 7.0 5.0 7.0 

Kharif Maize - 6.0 - 8.0 7.0 

Cotton - 5.0 5.0 5.0 6.0 

Sugarcane 7.0 7.0 7.0 7.0 - 

Peak crop water requirement for selected crops like wheat, maize, cotton and sugarcane varies 

between 4-8 mm/day for selected locations in Pakistan. For the design purpose, the recommended 

peak crop waters requirement for Raingun sprinkler irrigation systems for various zones are 

presented in Table 13. 

Recommended values of crop water requirements should be used to design the Raingun sprinkler 

systems. Two extremes of 5 and 8 mm are used for the design examples in this Handbook. However, 

the users are recommended to use actual values and layout of the farm for the design exercise. 

Table 13. Recommended design peak crop water requirement for various zones of Pakistan.  
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Zone Design Crop Water Requirement (mm/day)  

Northern NWFP and Northern Punjab 5.0 

Central Punjab 6.0 

Southern NWFP and Southern Punjab 7.0 

Lower Sindh 7.0 

Upper Sindh 8.0 

 

Efficiency of Pumping Systems 

Efficiency of a pumping system depends on number of factors such as the pipe being too small in 

diameter or having many bends in the conveyance manifold. The most common error is to put the 

discharge of water considerably above the necessary level. The drive or coupling between pump and 

prime mover may not be an efficient unit. Too frequently a pump and prime mover is mismatched so 

far power requirement is considered. Correct matching of pump, motor/engine and drive is very 

important for efficient utilization of energy, thus to bring down the irrigation operational cost. 

Elevation, temperature, accessories and continuous operation will also reduce efficiency. The details 

of efficiency estimated for design purpose are presented in Table 14. 

Overall efficiency for high pressure pumping systems recommended for sprinkler irrigation is as 

under: 

Electric motor operated systems  = 60 % 

Diesel engine operated systems  = 50 % 

However, in Pakistan even this level of efficiency is not achievable because the energy efficient 

pumping systems are of extremely high cost. The commonly used pumping systems are cheap but 

their efficiency is much lower than the recommended levels. The efficiency of low-cost pumping 

systems manufactured in Pakistan is as under: 

Electric motor operated systems  = 30 % 

Diesel engine operated systems  = 25 % 

Table 14. Efficiency of irrigation pumping systems. 

Parameters Decrease in Efficiency (%) 

Elevation from sea level, 3% for each 300 meters, assuming elevation 

of 450 meters. 

4.5 
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For each 6 ºC (operating air temperature above 16 ºC, decrease of 1% 

is encountered; assuming maximum temperature of 45 ºC. 

5.0 

For accessories, using heat exchangers. 5.0 

For continuous load operation 20.0 

Drive losses (0-15%) 5.0 for motor10.0 for engine 

Radiator, fan 5.0 

 

Hydraulics of Raingun Sprinkler Irrigation Systems 

Raingun Sprinkler PY1-20 

Three nozzle sizes of 6, 7 and 8 mm are recommended for the Raingun sprinkler model of PY1-20, 

with an operating pressure range of 30-40 m. The discharge of Raingun sprinkler ranged from 0.66 to 

1.11 lps and from 0.76 to 1.28 lps for pressure heads of 30 and 40 m, respectively. The radius of 

coverage of Raingun sprinkler ranged from 19.0 to 22.4 m and from 21.6 to 22.6 m for pressure 

heads of 30 and 40 m, respectively. The application rate of Raingun sprinkler ranged from 2.09 to 1.8 

mm/hr and from 1.80 to 2.86 mm/hr for pressure heads of 30 and 40 m, respectively. Thus minimum 

pressure head of 30 m is recommended for the three nozzle sizes of 6, 7 and 8 mm (Table 15). As 

Raingun sprinkler model PY1-20 is not manufactured in the country, therefore model PY1-30 can be 

used. 

Raingun Sprinkler PY1-30 

Four nozzle sizes of 9, 10, 11 and 12 mm are recommended for the Raingun sprinkler model of PY1-

30, with an operating pressure range of 30-40 m. The discharge of Raingun sprinkler ranged from 1.38 

to 2.35 lps and from 1.57 to 2.74 lps for pressure heads of 30 and 40 m, respectively. The radius of 

coverage of Raingun sprinkler ranged from 24.2 to 27.2 m and from 24.6 to 28.5 m for pressure 

heads of 30 and 40 m, respectively. The application rate of Raingun sprinkler ranged from 2.70 to 

3.65 mm/hr and from 2.98 to 3.86 mm/hr for pressure heads of 30 and 40 m, respectively. Thus 

minimum pressure head of 30 m is recommended for the four nozzle sizes of 9, 10, 11 and 12 mm 

(Table 15). 

Raingun Sprinkler PY1-40 

Five nozzle sizes of 12, 13, 14, 15 and 16 mm are recommended for the Raingun sprinkler model of 

PY1-40, with an operating pressure range of 30-45 m. The discharge of Raingun sprinkler ranged from 

2.64 to 4.83 lps and from 3.17 to 5.44 lps for pressure heads of 30 to 35 and 45 m, respectively. The 

radius of coverage of Raingun sprinkler ranged from 27.7 to 34.9 m and from 31.7 to 36.2 m for 

pressure heads of 30 to 35 and 45 m, respectively. The application rate of Raingun sprinkler ranged 
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from 3.94 to 4.55 mm/hr and from 3.64 to 4.78 mm/hr for pressure heads of 30 to 35 and 45 m, 

respectively. Thus minimum pressure head of 35 m is recommended for the five nozzle sizes of 12, 

13, 14, 15 and 16 mm (Table 15). As Raingun sprinkler model of PY1-40 is not manufactured in the 

country, therefore, model PY1-50 can be used. 

Raingun Sprinkler PY1-50 

Three nozzle sizes of 16, 18 and 20 mm are recommended for the Raingun sprinkler model of PY1-50, 

with an operating pressure range of 40-50 m. The discharge of Raingun sprinkler ranged from 4.97 to 

7.56 lps and from 5.58 to 8.47 lps for pressure heads of 40 and 50 m, respectively. The radius of 

coverage of Raingun sprinkler ranged from 37.2 to 41.1 m and from 38.7 to 42.3 m for pressure 

heads of 40 and 50 m, respectively. The application rate of Raingun sprinkler ranged from 4.11 to 

5.10 mm/hr and from 4.26 to 5.42 mm/hr for pressure heads of 40 and 50 m, respectively. Thus 

minimum pressure head of 40 m is recommended for the three nozzle sizes of 16, 18 and 20 mm 

(Table 15) 

Raingun models of PY1-30 and PY1-50 are locally manufactured, whereas the other models of PY1-20 

and PY1-40 are available in the market, which are imported from China. Therefore, the design 

examples in this handbook are provided for the locally manufactured Rainguns because supply and 

spare parts are easily available. 

Table 15. Hydraulics of Raingun Sprinklers Models recommended for adoption in Pakistan. 

Type of 
Raingun 

Nozzle 
Diameter (mm) 

Working 
Pressure (m) 

Discharge of 
Sprinkler (lps) 

Radius of 
Coverage (m) 

Application 
Rate (mm/hr) 

PY1-20 6 30 0.66 19.0 2.09 

 40 0.76 21.6 1.80 

7 30 0.85 20.8 2.24 

 40 0.95 22.9 2.08 

8 30 1.11 22.4 2.54 

 40 1.28 22.6 2.86 

PY1-30 9 30 1.38 24.2 2.70 

 40 1.57 24.6 2.98 

10 30 1.67 25.6 2.94 

 40 1.92 26.6 3.11 

11 30 2.03 27.6 3.06 

 40 2.35 28.5 3.31 

12 30 2.35 27.2 3.65 

 40 2.74 28.5 3.86 

PY1-40 12 30 2.64 27.7 3.94 
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 45 3.17 31.7 3.64 

13 30 2.94 28.6 4.13 

 45 3.75 30.8 4.52 

14 35 3.58 31.9 4.03 

 45 4.08 32.5 4.43 

15 35 4.36 34.0 4.34 

 45 4.86 35.1 4.53 

16 35 4.83 34.9 4.55 

 45 5.44 36.2 4.78 

PY1-50 16 40 4.97 37.2 4.11 

 50 5.58 38.7 4.26 

18 40 6.28 38.9 4.75 

 50 7.00 40.0 5.03 

20 40 7.56 41.1 5.10 

 50 8.47 42.3 5.42 

 

Design Examples of Raingun Sprinkler Irrigation Systems 

Eight typical designs are made for sprinkler irrigation systems manufactured in Pakistan mainly 

considering the size of prime mover (electric motor, diesel engine or tractor power) available in the 

country. However, these designs provide systems for small to large size farms of the country. 

Designing of systems for large farms require more information about the layout of the farm, crops to 

be grown, water source and amount, etc. The proposed systems can be used for field crops, 

vegetables, pulses and young orchards. 

Raingun Sprinkler Irrigation System for Very-Small Size Farms 

Low-Pressure Option 
Design Computations 
 Raingun Type      = PY1-30 

 Et Peak (mm/day)     = 5  

 Peak Operation Time (hours)    = 20 

 Nozzle Size (mm)     = 8  

 Working Pressure (m)     = 30 

 Capacity (lps)      = 1.11 

 Application rate (mm/hr)    = 2.54 
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 Maximum Command Area at One-setting (acres)  = 0.39 

 Radius of Coverage (m)    = 22.4  

 Recommended Farm Size (acres)   = 4.0 

 Maximum Pipe Length for Frictional Loss (m)  = 250 

 Head Loss in 50 mm dia Pipe (m/100 m)   = 1.10 

 Head Loss in 50 mm dia Pipe (m/250 m)   = 2.75 

 Other head losses - suction, connections, etc.(m)  = 12.25 

 Total Head Required (m)    = 30 + 2.75 + 12.25 = 45 

Power Requirement 
  Q      = 1.1 lps 

  H      = 45 m 

  WHP      = 0.65 hp 

  Motor BHP     = 2.17 

        = 3.0 

  Engine BHP     = 2.60 

        = 3.0 

Height of the sprayline under PY1-30 Raingun sprinkler system is presented in Appendix-I for varying 

pressure heads and nozzle sizes. 

The 50-mm diameter LDPE pipe is recommended for manifold and mainlines. The 50-62.5 mm 

diameter GI pipe is recommended for suction. GI pipe is suitable for suction and has been 

successfully tested at the WRRI-NARC Field Station and the farmers' fields. The cost of GI suction 

pipe is almost same as of any good quality imported reinforced rubber pipe. However, the life of GI 

suction pipe is much more than the reinforced rubber pipes. The cost of the canvas delivery pipe of 

imported quality is almost same as of LDPE delivery pipe. However, the life of LDPE delivery pipe is 

much more than canvases pipe. Thus canvas pipe is recommended only for lateral lines to have 

flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

Specifications for Raingun and portable trolley mounted pumping systems are presented in Figures 1 

and 2, respectively. The system can be used for farms of upto 4 acres size to meet peak demand 

requirement of 5mm/day, whereas the farm size will reduce to 2.5 acres to meet peak crop water 

requirement of 8 mm. Raingun sprinkler irrigation system can provide irrigation to farms of more than 

the design size, if the cropping intensity is less than 200% or irrigation is to be provided to less than 

the design farm size. 
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LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 34 

m to connect the lateral lines. 

High-Pressure Option 
Design Computations 
 Raingun Type      = PY1-30 

 Et Peak (mm/day)     = 5  

 Peak Operation Time (hours)    = 20 

 Nozzle Size (mm)     = 8  

 Working Pressure (m)     = 40 

 Capacity (lps)      = 1.28 

 Application rate (mm/hr)     = 2.86 

 Maximum Command Area at One-setting (acres)  = 0.40 

 Radius of Coverage (m)    = 22.6  

 Recommended Farm Size (acres)   = 4.5 

 Maximum Pipe Length for Frictional Loss (m)  = 250 

 Head Loss in 50 mm dia Pipe (m/100 m)   = 1.48 

 Head Loss in 50 mm dia Pipe (m/250 m)   = 3.70 

 Other head losses - suction, connections, etc(m)   = 11.30 

 Total Head Required (m)     = 40 + 3.70 + 11.3 = 55 

Power Requirement 
  Q      = 1.28 lps 

  H      = 55 m 

  WHP      = 0.93 hp 

  Motor BHP     = 3.1 

        = 3.0 

  Engine BHP     = 3.72 

        = 4.0 

Height of the sprayline under PY1-30 Raingun sprinkler system is presented in Appendix-I for varying 

pressure heads and nozzle sizes. 
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The 50-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 50-62.5 mm 

diameter GI pipe is recommended for suction. The canvas pipe is recommended for lateral lines to 

have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

System can be used for farms of up to 4.5 acres size to meet peak demand requirement of 5mm/day, 

whereas the farm size will reduce to 2.70 acres to meet peak crop water requirement of 8 mm.  

LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 34 

m to connect the lateral lines. 

Sprinkler Irrigation System for Small Size Farms 

Low-Pressure Option 
Design Computations 
 Raingun Type      = PY1-30 

 Et Peak (mm/day)     = 5  

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 12 

 Working Pressure (m)     = 30 

 Capacity (lps)      = 2.35 

 Application Rate (mm/hr)    = 3.65 

 Maximum Command Area at one-setting (acres)  = 0.57 

 Radius of Coverage (m)    = 27.2 

 Recommended Farm Size (acres)   = 8.0 

 Maximum Pipe Length for Frictional Loss (m)  = 350 

 Head Loss in Pipe dia of 62.5 mm (mm/100m)  = 1.5  

 Head Loss in Pipe dia of 62.5 mm (mm/350m)  = 5.25  

 Other Head Losses - suction, connections, etc. (m) = 10.75  

 Total Head Required (m)    = 30 + 5.25 +10.75 = 46 

Power Requirement 
  Q      = 2.35 lps 

  H      = 46 m 

  WHP      = 1.42 hp 

  Motor BHP     = 4.73 hp 
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        = 5.00 hp 

  Engine BHP     = 5.68 hp = 6 hp 

Height of the sprayline under PY1-30 Raingun sprinkler irrigation system is presented in Appendix-I for 

varying pressure heads and nozzle sizes. 

The 62.5-mm diameter LDPE pipe is recommended for mainlines and manifolds. The 62.5-75 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 50-mm diameter is recommended 

for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

The system can be used for farms of upto 8.0 acres size to meet peak demand requirement of 

5mm/day, whereas the farm size will reduce to 5.0 acres to meet peak crop water requirement of 8 

mm.  

LDPE mainlines and manifolds are burried in the ground and hydrants are provided at a distance of 

40 m to connect the lateral lines. 

High-Pressure Option 
Design Computations 
 Raingun Type      = PY1-30 

 Et Peak (mm/day)     = 5  

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 12 

 Working Pressure (m)     = 40 

 Capacity (lps)      = 2.74 

 Application Rate (mm/hr)    = 3.86 

 Maximum Command Area at one-setting (acres)  = 0.63 

 Radius of Coverage (m)    = 28.5 

 Recommended Farm Size (acres)     = 10  

 Maximum Pipe Length for Frictional Loss (m)  = 400 

 Head Loss in Pipe dia of 62.5 mm (mm/100m)  = 2.0  

 Head Loss in Pipe dia of 62.5 mm (mm/400m)  = 8.0  

 Other Head Losses - suction, connections, etc (m) = 12.0  

 Total Head Required (m)    = 40 + 8.0 +12 = 60 

Power Requirement 
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  Q      = 2.74 lps 

  H      = 60 m 

  WHP      = 2.16 hp 

  Motor BHP     = 7.2 hp 

        = 7.5 hp 

  Engine BHP     = 8.64 = 9.0 hp 

Height of the sprayline under PY1-30 Raingun sprinkler irrigation system is presented in Appendix-I 

for varying pressure heads and nozzle sizes. 

The 62.5-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 62.5-75 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 50-mm diameter is recommended 

for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

System can be used for farms of upto 10 acres size to meet peak demand requirement of 5mm/day, 

whereas the farm size will reduce to 6.0 acres to meet peak crop water requirement of 8 mm.  

LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 42 

m to connect the lateral lines. 

Sprinkler Irrigation System for Medium Size farms 

Low Pressure Option  
Design Computations 
 Raingun Type      = PY1-50 

 Et Peak (mm/day)     = 5.0  

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 16 

 Working Pressure (m)     = 35 

 Capacity (lps)      = 4.83 

 Application Rate (mm/hr)    = 4.55 

 Maximum Command Area at One Setting (acres) = 0.95 

 Radius of Coverage (m)     = 34.9 

 Recommended Farm Size (acres)   = 17.5 

 Maximum Pipe Length (m)    = 450 

 Head Loss in 75 mm dia Pipe (mm/100m)  = 2.36 
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 Head Loss in 75 mm dia Pipe (mm/450m)  = 10.62 

 Other Head Losses - suction, connections, etc. (m) = 10.38 

 Total Head Required (m)    = 35  + 10.62  + 10.38 = 56 

Power Requirement 

  Q      = 4.83 lps 

  H      = 56.0 m 

  WHP      = 3.56 hp 

  Motor BHP     = 11.87 hp 

        = 12 hp 

  Engine BHP     = 14.25 hp 

        = 16 hp 

Height of the sprayline under PY1-50 Raingun sprinkler system is presented in Appendix-II for varying 

pressure heads and nozzle sizes. 

The 75-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 75-87.5 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 75-mm diameter is recommended 

for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

Specifications for Raingun and portable trolley mounted pumping systems are presented in Figures 3 

and 4, respectively. The system can be used for farms of upto 17.5 acres size to meet peak demand 

requirement of 5mm/day, whereas the farm size will reduce to 10.5 acres to meet peak crop water 

requirement of 8 mm.  

LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 52 

m to connect the lateral lines. 

High Pressure Option  
Design Computations 
 Raingun Type      = PY1-50 

 Et Peak (mm/day)     = 5.0  

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 16 

 Working Pressure (m)     = 45 

 Capacity (lps)      = 5.44 
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 Application Rate (mm/hr)    = 4.78 

 Maximum Command Area at One Setting (acres) = 1.01 

 Radius of Coverage (m)     = 36.2 

 Recommended Farm Size (acres)   = 19.0 

 Maximum Pipe Length (m)    = 450 

 Head Loss in 75 mm dia Pipe (mm/100m)  = 2.90 

 Head Loss in 75 mm dia Pipe (mm/450m)  = 13.05 

 Other Head Losses - suction, connections, etc. (m) = 10.95 

 Total Head Required (m)    = 45  + 13.05  + 10.95 = 69 

Power Requirement 
  Q      = 5.44 lps 

  H      = 69.0 m 

  WHP      = 4.94 hp 

  Motor BHP     = 16.5 hp 

        = 16 hp 

  Engine BHP     = 19.76 hp 

        = 20 hp 

Height of the sprayline under PY1-50 Raingun sprinkler system is presented in Appendix-II for varying 

pressure heads and nozzle sizes. 

The 75-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 75-87.5 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 75-mm diameter is recommended 

for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

System can be used for farms of upto 19.0 acres size to meet peak demand requirement of 5mm/day, 

whereas the farm size will reduce to 11.0 acres to meet peak crop water requirement of 8 mm.  

LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 54 

m to connect the lateral lines. 

Sprinkler Irrigation System for Large-Size Farms 

Low-Pressure Option 
Design Computations 
 Raingun Type      = PY1-50 
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 Et Peak (mm/day)     = 5.0 

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 20 

 Working Pressure (m)     = 40 

 Capacity (lps)      = 7.56 

 Application Rate (mm/hr)    = 5.10  

 Maximum Command Area at one-setting (acres)  = 1.31 

 Radius of Coverage (m)     = 41.1 

 Recommended Farm Size (acres)   = 26.0 

 Maximum Pipe Length for Frictional Loss (m)  = 500 

 Head Loss in Pipe in 100 mm dia Pipe (m/100m)  = 1.32 

 Head Loss in Pipe in 100 mm dia Pipe (m/500m)  = 6.6 

 Other Head Loss - suction, connections, etc. (m)  = 10.4 

 Total Head Required (m)    = 40 + 6.6 + 10.4 = 57 

Power Requirement 
  Q      = 7.56 lps 

  H      = 57 m 

  WHP      = 5.67 hp 

  Motor BHP     = 18.9 hp 

        = 20 hp 

  Engine BHP     = 22.68 hp 

        = 24 hp 

Height of the sprayline under PY1-50 Raingun sprinkler system is presented in Appendix-II for varying 

pressure heads and nozzle sizes. 

The 100-mm diameter LDPE pipe is recommended for mainlines and manifolds. The 100-112.5 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 75-mm diameter is recommended 

for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. 

The system can be used for farms of upto 26.0 acres size to meet peak demand requirement of 

5mm/day, whereas the farm size will reduce to 16.0 acres to meet peak crop water requirement of 8 

mm.  
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LDPE mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 62 

m to connect the lateral lines. 

High-Pressure Option 
Design Computations 
 Raingun Type      = PY1-50 

 Et Peak (mm/day)     = 5.0 

 Peak Operation (hours)     = 20 

 Nozzle Size (mm)     = 20 

 Working Pressure (m)     = 50 

 Capacity (lps)      = 8.47 

 Application Rate (mm/hr)    = 5.42  

 Maximum Command Area at one-setting (acres)  = 1.39 

 Radius of Coverage (m)     = 42.3 

 Recommended Farm Size (acres)   = 30.0 

 Maximum Pipe Length for Frictional Loss (m)  = 600 

 Head Loss in Pipe in 100 mm dia Pipe (m/100m)  = 1.63 

 Head Loss in Pipe in 100 mm dia Pipe (m/500m)  = 9.8 

 Other Head Loss - suction, connections, etc (m)  = 10.2 

 Total Head Required (m)    = 50 + 9.8 + 10.2 = 70 

Power Requirement 
  Q      = 8.47 lps 

  H      = 70 m 

  WHP      = 7.80 hp 

  Motor BHP     = 26 hp 

  Engine BHP      = 31.2 hp 

        = 32 hp 

Height of the sprayline under PY1-50 Raingun sprinkler system is presented in Appendix-II for varying 

pressure heads and nozzle sizes. 

The 100-mm diameter LDPE pipe is recommended for mainlines and manifolds. The 100-112.5 mm 

diameter GI pipe is recommended for suction. The canvas pipe of 75-mm diameter is recommended 
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for lateral lines to have flexibility as the LDPE pipes are rigid compared to the canvas pipes. System 

can be used for farms of upto 30.0 acres size to meet peak demand requirement of 5mm/day, 

whereas the farm size will reduce to 18.0 acres to meet peak crop water requirement of 8 mm. LDPE 

mainlines and manifolds are buried in the ground and hydrants are provided at a distance of 64 m to 

connect the lateral lines. 

Solid-Set Systems 

Solid-set systems can be designed considering the following parameters. 

 Farm layout 

 Farm size and topography 

 Crops or plants grown 

 Peak water requirement 

 Desired overlapping and uniformity efficiency 

 Size of prime mover and preference by the farmer 

 Sprinkler type 

 Pipe specifications and layout 

 Pumping systems requirement 

 Area to be irrigated per setting 

 Labour availability 

As the cost of solid-set systems is higher and designing is site-specific, therefore standards designs 

are not possible. However, LDPE high-pressure black carbon pipe or UPVC high-pressure pipes can 

be used for buried lines. The LDPE can also be used for surface installations because LDPE is 

resistant to ultraviolet rays. The UPVC pipe must be buried in all circumstances. 

Topographic and bunded unit maps are the pre-requisite for designing of any solid-set system. The 

WRRI-NARC is trying to develop Irrigation Companies by providing training to un-employed young 

Agricultural Engineers to provide services to the farmers. However, for the interim period the WRRI-

NARC has established "Irrigation Services Support Program" to provide services to the farmers and 

to build a network with future Irrigation Companies. 

DESIGN OF TRICKLE IRRIGATION SYSTEMS AND INNOVATIVE ADAPTATIONS 

Basic Considerations 

Design procedures for trickle irrigation systems are similar to those of sprinkler irrigation systems 

discussed in the earlier sections. The necessary agronomic, soil, water availability, hydraulic and 

climatic conditions must still be carefully evaluated. The design involves the following steps: 

 Estimation of peak irrigation water requirements; 

 Selection of emitters or drippers or bubblers; 
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 Selection and layout of sub-units; 

 Lateral and manifold design; 

 Main, sub-main, manifold and auxiliary design; and 

 Selection of pump and prime mover. 

Most essential element of trickle irrigation system is the emission point and the local manufacturing 

was most difficult for emitters. The hydraulics of locally produced pipes is presented in the third 

Chapter. 

Locally Produced Trickle Irrigation Materials 

Emission Points 

Four major types of emission points were produced locally by Griffon Pipe Industries, Lahore. These 

include: 

 Spiral emitter; 

 Turbo emitter; 

 Micro-jet emitter; 

 Micro-tubing with different diameters. 

All the four types of emission points were tested at the WRRI-NARC Field Station and the results 

have been published in various papers. The details of the hydraulics of locally produced emission 

points are presented for the design of trickle irrigation systems using the locally available materials. 

Spiral Emitters 
Spiral emitters were selected for local production primarily due to the advantage of having the 

variable flows by adjusting the screw. The variability helps to adjust farm and field layout and to meet 

water requirement of plants. The discharge of spiral emitter as affected by operating pressure is 

presented in Table 16. Under low-pressure conditions of 5 psi, the discharge varies between 4 to 14.5 

lph. Under high-pressure conditions of 30 psi, the discharge varies between 9 to 23 lph. This wide 

variability in flow of spiral emitter is an opportunity to adjust it for variable pressures, especially in 

topographic situations where elevation differences are high. Thus this emitter can be easily adapted 

under mountainous and sub-mountainous conditions. 

Table 16. Discharge of locally produced Spiral emitters under varying pressure heads. 

Operating 
Pressure 

(psi) 

Discharge of Griffon Spiral Emitter (lph) 

Fully Closed with 
Collar 

Without Collar 

Fully Closed One-Thread Open Two-Tread Open 

5 5.7 4.2 7.6 14.5 

10 7.5 5.2 11.5 15.0 
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15 8.42 5.3 12.5 16.2 

20 9.51 7.5 13.6 21.3 

25 11.9 8.7 15.1 21.7 

30 12.7 9.1 15.7 23.4 

 

Turbo Emitters 
Turbo emitter was basically designed to provide discharge, which is least, affected due to pressure 

variability. The discharge of imported Turbo emitter was 3.1 lph for pressure head of 10-20 psi. At 

higher-pressure heads, the discharge of imported Turbo emitter was 3.9 and 4.1 lph for pressure 

heads of 25 and 30 psi, respectively. The performance of the imported Turbo emitter was much 

better, where it can provide 3 lph at 10-20 psi and 4 lph at pressure head of 25-30 psi (Table 17). 

Discharge of locally produced Turbo emitter was considerably more variable than the imported Turbo 

emitter. The discharge varied from 3.3 to 3.9 lph with pressure range of 10-20 psi. At higher-pressure 

heads, its discharge varied from 4.0 and 4.2 lph with pressure head of 25 and 30 psi, respectively. 

The performance of the locally produced Turbo emitter was reasonably well, where it can provide 4 

lph at a pressure range of 20-30 psi (Table 17). 

 

Table 17. Discharge of imported and locally produced Turbo emitters under varying pressure 

heads. 

Operating  Pressure (psi) Discharge of Turbo Emitter (lph) 

Imported  Locally Produced by Griffon 

5 - 2.4 

10 3.1 3.3 

15 3.1 3.8 

20 3.1 3.9 

25 3.9 4.0 

30 4.1 4.2 

 

Micro-jet Emitters 
Micro-jet emitters were locally produced to provide higher discharges for matured orchards. The 

discharge of Micro-jet emitter was 40 lph for pressure head of 20 psi. At higher-pressure heads, the 

discharge was 43 and 46 lph for pressure heads of 25 and 30 psi, respectively. The performance of 

the emitter was much better, where it can provide 40 lph at 20 psi (Table 18) 
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Table 18. Discharge of locally produced Griffon Micro-jet emitters under varying pressure 

heads. 

Operating Pressure (psi) Discharge of Micro-jet Emitter (lph) 

5 26.0 

10 29.3 

15 34.6 

20 40.0 

25 43.7 

30 46.5 

 

Micro-tubing 
Micro tubing can be used to construct simple emitters based on requirement of pressure and 

discharge. Furthermore, these emitters can be used in place of bubblers as the discharge is much 

higher than the standard emitters. The diameter and length of the micro tubing affect the discharge. 

Thus there is a wide flexibility in adjusting the discharge to meet the needs of young and matured 

trees. 

Discharge of 1.5-mm diameter micro-tubing type emitter varied between 35 to 93 lph for the pressure 

head range of 5-30 psi. Discharge of 2.0-mm diameter micro-tubing type emitter varied between 43 to 

99 lph for the pressure head range of 5-30 psi. Discharge of 4.0- mm diameter micro-tubing type 

emitter varied between 115 to 281 lph for the pressure head range of 5-30 psi (Table 19). 

Table 19. Discharge of locally produced Micro-tubing emitter under varying pressure heads. 

Operating 
Pressure (psi) 

Discharge of Locally Produced Micro-Tubing for Various Diameters in mm (lph) 

1.5 2.0 4.0 

5 35.5 43.0 115.2 

10 55.5 61.4 156.6 

15 63.6 71.9 184.5 

20 74.7 82.1 205.1 

25 85.8 90.8 250.1 

30 93.2 99.2 281.7 

 

Discharge of the micro-tubing type emitters is very high; thus knots were given to reduce the 

discharge. Two combinations using one and two knots were used and discharge was reduced to 

considerable level. With two knots the discharge varied between 6-7 lph with pressure range of 15-20 

psi. Discharge of 6 lph is very appropriate for young orchards (Table 20). 
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Table 20. Discharge of locally produced Micro-tubing emitters under varying pressure heads 

and discharge reduction using knots. 

Operating Pressure (psi) Discharge of Micro-tubing Emitter with Knots (lph) 

1 Knot 2 Knots 

5 5.2 3.8 
10 7.3 5.1 
15 9.6 6.0 
20 11.2 7.2 
25 12.4 8.0 
30 14.6 8.7 

 

Screen and Sand Filters  

Two sizes of screen filters were indigenized. A small-size plastic screen filter is manufactured by 

Griffon Pipe Industries, Lahore, which was designed for pipe sizes of 25-mm diameter. Metal screen 

filter for 50-mm diameter pipes is also manufactured by Griffon Pipe Industries, Lahore. Thus filters 

for trickle irrigation are locally available. These filters are quite suitable for tubewell irrigated systems.  

For canal irrigated areas, the irrigation water include very fine clay and colloidal materials and thus 

extra filtering facility is needed to filter canal water. For this purpose, external sand filter can be used. 

One such filter was designed for the micro-sprinkling facility developed at the Forest Farm near 

Thata, where nursery for Oil Palm plants was established. Such filters were also successfully used for 

the provision of domestic water in the Rod-Kohi areas. 

Connections and Other Accessories 

All the required connections for trickle irrigation systems are manufactured in the country. These 

include jointing connections, adapter reducers, end-plugs, materials and accessories for the 

installation of hydrants. The materials required for hydrants include all sizes of sockets, tees, crosses, 

unions, nozzles, nipples, gate valves, couplers, etc 

High-Pressure Pumps  

MECO Pvt. Ltd., Lahore manufactures all sizes of high-pressure pumps, which can be used for 

almost every type and size of trickle irrigation systems. These pumps are low-cost but they are not 

energy efficient 

Design Examples of Locally Manufactured Trickle Irrigation Systems 

Four typical designs are made for trickle irrigation systems manufactured in Pakistan mainly 

considering size of prime mover (electric motor, diesel engines) available in the country. However, the 

design examples are presented for small, medium and large size farms. Designing of systems for 

large farms require more information about layout of the farm, crops to be grown, water source and 

amount, etc. These systems can be used for vegetables and young orchards. 
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Trickle Irrigation System for Small Size Farms 

Low-Discharge Systems 
Design Computations 
 Emitter Type      = Turbo 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Farm Size (acres)     = 4 

 Field Layout      = Square-type 

 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 7 

 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 3  

 Emission rate (mm/hr/4-m
2
)    = 0.75 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 

 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 13 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 33 

 Discharge of Lateral (lps)    = 0.01 

 Frictional Loss of 13-mm Lateral (m/100 m)  = 0.13 

 Frictional Loss of 13-mm Lateral (m/60 m)  = 0.08 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 24 

 Discharge of Manifold (lps)    = 0.24 

 Length of Manifold (m)     = 67 

 Diameter of Manifold (mm)    = 31.25 
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 Frictional Loss of 31.25 mm Manifold (m/100 m)  = 0.64 

 Frictional Loss of 31.25 mm Manifold (m/67 m)  = 0.38 

 Number of Manifolds     = 2 

 Number of Manifolds in Operation at a Time  = 2 

 Discharge of Mainline (lps)    = 0.48 

 Diameter of Mainline (mm)    = 37.5 

 Frictional Loss of 37.5 mm Mainline (m/100 m)  = 0.95 

 Frictional Loss of 37.5 mm Mainline (m/60 m)  = 0.57 

 Total Frictional Losses (m)    = 0.08 + 0.38 + 0.57 = 1.03 

 Other head losses (suction, connections, etc.) m   = 10.97 

 Total Head Required (m)    = 15 + 1.03 + 10.97 = 27 

Power Requirement 
  Q      = 0.48 lps 

  H      = 27 m 

  WHP      = 0.17 hp 

  Motor BHP     = 0.57 

        = 1.0 

  Engine BHP     = 0.68 

        = 1.0 

The 31.25 and 37.5 mm diameter black carbon low-density polyethylene (LDPE) pipe is 

recommended for manifold and mainline, respectively. The 37.50-mm diameter GI pipe is 

recommended for suction. GI pipe is suitable for suction and has been successfully tested at the 

WRRI-NARC Field Station and the farmers' fields. The cost of GI suction pipe is almost same as of 

any good quality imported reinforced rubber pipe. However, the life of GI suction pipe is much more 

than the reinforced rubber pipes. The 13-mm diameter LDPE pipe is recommended for laterals. 

LDPE mainline is buried in the ground and hydrants are provided at a distance of 60 m to connect the 

manifolds. 

High-Discharge Systems 
Design Computations 

 Emitter Type      = Spiral  
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 Thread Opening Level      = Half Thread 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Farm Size (acres)     = 4 

 Field Layout      = Square-type 

 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 7 

 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 12  

 Emission rate (mm/hr/4-m
2
)    = 3.0 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 

 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 16 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 132 

 Discharge of Lateral (lps)    = 0.04 

 Frictional Loss of 16-mm Lateral (m/100 m)  = 0.60 

 Frictional Loss of 16-mm Lateral (m/60 m)  = 0.36 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 12 

 Discharge of Manifold (lps)    = 0.48 

 Length of Manifold (m)     = 67 

 Diameter of Manifold (mm)    = 37.50 

 Frictional Loss of 37.50 mm Manifold (m/100 m)  = 0.95 

 Frictional Loss of 37.5 mm Manifold (m/67 m)  = 0.64 

 Number of Manifold in Operation at a Time  = 1 
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 Number of Manifolds     = 4 

 Discharge of Mainline (lps)    = 0.48 

 Diameter of Mainline (mm)    = 37.5 

 Frictional Loss of 37.5 mm Mainline (m/100 m)  = 0.95 

 Frictional Loss of 37.5 mm Mainline (m/60 m)  = 0.57 

 Total Frictional Losses (m)    = 0.36 + 0.64 + 0.57 = 1.57 

 Other head losses - suction, connections, etc. (m) = 10.43 

 Total Head Required (m)    = 15 + 1.57 + 10.43 = 27 

Power Requirement 

  Q      = 0.48 lps 

  H      = 27 m 

  WHP      = 0.17 hp 

  Motor BHP     = 0.56 

        = 1.0 

  Engine BHP     = 0.68 

        = 1.0 

The 37.5-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 37.5-mm 

diameter GI pipe is recommended for suction. The 16-mm diameter LDPE pipe is recommended for 

laterals. LDPE mainline is buried in the ground and hydrants are provided at a distance of 60 m to 

connect the manifolds.  

Trickle Irrigation System for Medium Size Farms 

Low-Discharge Systems 
Design Computations 

 Emitter Type      = Turbo 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Field Layout      = 4 x 3 acres 

 Farm Size (acres)     = 12 
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 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 21 

 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 3  

 Emission rate (mm/hr/4-m
2
)    = 0.75 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 

 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 13 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 33 

 Discharge of Lateral (lps)    = 0.01 

 Frictional Loss of 13-mm Lateral (m/100 m)  = 0.13 

 Frictional Loss of 13-mm Lateral (m/60 m)  = 0.08 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 24 

 Discharge of Manifold (lps)    = 0.24 

 Length of Manifold (m)     = 134 

 Diameter of Manifold (mm)    = 31.25 

 Frictional Loss of 31.25 mm Manifold (m/100 m)  = 0.64 

 Frictional Loss of 31.25 mm Manifold (m/134 m)  = 0.86 

 Number of Manifolds     = 2 

 Number of Manifolds in Operation at a Time  = 2 

 Discharge of Mainline (lps)    = 0.48 

 Diameter of Mainline (mm)    = 37.5 

 Frictional Loss of 37.5 mm Mainline (m/100 m)  = 0.95 

 Frictional Loss of 37.5 mm Mainline (m/120 m)  = 1.14 

 Total Frictional Losses (m)    = 0.08 + 0.86 + 1.14 = 2.08 
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 Other head losses (suction, connections, etc.) m  = 10.92 

 Total Head Required (m)     = 15 + 2.08 + 10.92 = 28 

Power Requirement 

  Q      = 0.48 lps 

  H      = 28 m 

  WHP      = 0.18 hp 

  Motor BHP     = 0.60 

        = 1.0 

  Engine BHP     = 0.72 

        = 1.0 

The 31.25 and 37.5 mm diameter LDPE pipe is recommended for manifold and mainline, 

respectively. The 37.50-mm diameter GI pipe is recommended for suction. The 13-mm diameter 

LDPE) pipe is recommended for laterals. Only one-third of the system (four acres) will be operated at 

a time to reduce the initial capital and operational cost. In fact the size of the system is same as of 

four acres. Only the difference is the increase in three-fold in operational time. 

LDPE mainline is buried in the ground and hydrants are provided at a distance of 60 m to connect the 

manifolds. 

High-Discharge Systems 
Design Computations 

 Emitter Type      = Spiral  

 Thread Opening Level      = Half Thread 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Field Layout      = 4x3 acres 

 Farm Size (acres)     = 12 

 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 10 
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 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 12  

 Emission rate (mm/hr/4-m
2
)    = 3.0 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 

 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 16 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 132 

 Discharge of Lateral (lps)    = 0.04 

 Frictional Loss of 16-mm Lateral (m/100 m)  = 0.60 

 Frictional Loss of 16-mm Lateral (m/60 m)  = 0.36 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 24 

 Discharge of Manifold (lps)    = 0.96 

 Length of Manifold (m)     = 134 

 Diameter of Manifold (mm)    = 50.0 

 Frictional Loss of 50 mm Manifold (m/100 m)  = 1.0 

 Frictional Loss of 50 mm Manifold (m/134 m)  = 1.34 

 Number of Manifold in Operation at a Time  = 1 

 Number of Manifolds     = 6 

 Discharge of Mainline (lps)    = 0.96 

 Diameter of Mainline (mm)    = 50 

 Frictional Loss of 50 mm Mainline (m/100 m)  = 1.0 

 Frictional Loss of 50 mm Mainline (m/120 m)  = 1.2 

 Total Frictional Losses (m)    = 0.36 + 1.34 + 1.2 = 2.9 

 Other head losses - suction, connections, etc. (m) = 10.1 

 Total Head Required (m)    = 15 + 2.9 + 10.1 = 28 

Power Requirement 
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  Q      = 0.96 lps 

  H      = 28 m 

  WHP      = 0.35 hp 

  Motor BHP     = 1.2 

        = 2.0 

  Engine BHP     = 1.40 

        = 3.0 

The 50-mm diameter LDPE pipe is recommended for manifold and mainline. The 50-mm diameter GI 

pipe is recommended for suction. The 16-mm diameter LDPE pipe is recommended for laterals. 

LDPE mainline is buried in the ground and hydrants are provided at a distance of 60 m to connect the 

manifolds. 

Peak operation time for the 12-acres farm is 10 hours; if the operation time is doubled the same size 

system can be used for a farm size of 24 acres. 

Trickle Irrigation System for Large Size Farms 

Low-Discharge Systems 
Design Computations 

 Emitter Type      = Turbo 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Field Layout      = 4 x 6 acres 

 Farm Size (acres)     = 24 

 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 21 

 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 3  

 Emission rate (mm/hr/4-m
2
)    = 0.75 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 
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 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 13 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 33 

 Discharge of Lateral (lps)    = 0.01 

 Frictional Loss of 13-mm Lateral (m/100 m)  = 0.13 

 Frictional Loss of 13-mm Lateral (m/60 m)  = 0.08 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 24 

 Discharge of Manifold (lps)    = 0.24 

 Length of Manifold (m)     = 134 

 Diameter of Manifold (mm)    = 31.25 

 Frictional Loss of 31.25 mm Manifold (m/100 m)  = 0.64 

 Frictional Loss of 31.25 mm Manifold (m/134 m)  = 0.86 

 Number of Emitters     = 12 

 Number of Manifolds in Operation at a Time  = 4 

 Discharge of Mainline (lps)    = 0.96 

 Diameter of Mainline (mm)    = 50.0 

 Frictional Loss of 50.0 mm Mainline (m/100 m)  = 0.90 

 Frictional Loss of 50.0 mm Mainline (m/300 m)  = 2.70 

 Total Frictional Losses (m)    = 0.08 + 0.86 + 2.70 = 3.64 

 Other head losses - suction, connections, etc. (m) = 10.36 

 Total Head Required (m)     = 15 + 3.64 + 10.36 = 29 

Power Requirement 

  Q      = 0.96 lps 

  H      = 29 m 

  WHP      = 0.37 hp 

  Motor BHP     = 1.23 hp 
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        = 2.0 hp 

  Engine BHP     = 1.48 

        = 2.0 

The 31.25 and 50.0 mm diameter LDPE pipe is recommended for manifold and mainline, 

respectively. The 50-mm diameter GI pipe is recommended for suction. The 13-mm diameter LDPE 

pipe is recommended for laterals. Only one-third of the system (eight acres) will be operated at a time 

to reduce the initial capital and operational cost.  

LDPE mainline is buried in the ground and hydrants are provided at a distance of 60 m to connect the 

manifolds. 

High-Discharge Systems 

Design Computations 

 Emitter Type      = Spiral  

 Thread Opening Level      = Half Thread 

 Et Peak (mm/day)     = 5 

 Plant to Plant Spacing (m)    = 6 

 Row to Row Spacing (m)    = 6 

 Farm Size (acres)     = 24 

 Field Layout      = 4x6 acres 

 Et Peak (litres/m
2
/day)     = 5 

 Et Peak per Plant (litres/4-m
2
/day)   = 20 

 Peak Operation Time (hours)    = 20 

 Working Pressure (m)     = 15 

 Emitter Discharge (lph)     = 12  

 Emission rate (mm/hr/4-m
2
)    = 3.0 

 Maximum Wetted Area at Peak Demand (m
2
)  = 4.0 

 Length of Lateral (m)     = 60 

 Diameter of Lateral (mm)    = 16 

 Number of Plants per Lateral    = 11 

 Discharge of Lateral (lph)    = 132 
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 Discharge of Lateral (lps)    = 0.04 

 Frictional Loss of 16-mm Lateral (m/100 m)  = 0.60 

 Frictional Loss of 16-mm Lateral (m/60 m)  = 0.36 

 Number of Laterals per Acre     = 12 

 Number of Laterals per Manifold    = 24 

 Discharge of Manifold (lps)    = 0.96 

 Length of Manifold (m)     = 134 

 Diameter of Manifold (mm)    = 50.0 

 Frictional Loss of 50 mm Manifold (m/100 m)  = 1.0 

 Frictional Loss of 50 mm Manifold (m/134 m)  = 1.34 

 Number of Manifold in Operation at a Time  = 1 

 Number of Manifolds     = 12 

 Discharge of Mainline (lps)    = 0.96 

 Diameter of Mainline (mm)    = 50 

 Frictional Loss of 50 mm Mainline (m/100 m)  = 1.0 

 Frictional Loss of 50 mm Mainline (m/120 m)  = 1.2 

 Total Frictional Losses (m)    = 0.36 + 1.34 + 1.2 = 2.9 

 Other head losses - suction, connections, etc. (m) = 10.1 

 Total Head Required (m)    = 15 + 2.9 + 10.1 = 28 

Power Requirement 

  Q      = 0.96 lps 

  H      = 28 m 

  WHP      = 0.35 hp 

  Motor BHP     = 1.2 

        = 2.0 

  Engine BHP     = 1.40 

        = 3.0 
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The 50-mm diameter LDPE pipe is recommended for manifolds and mainlines. The 50-mm diameter 

GI pipe is recommended for suction. The 16-mm diameter LDPE pipe is recommended for laterals. 

The size of the system is same as 12 acres farm, except the operational time is doubled from 10 

hours to 20 hours. LDPE mainline is buried in the ground and hydrants are provided at a distance of 

60 m to connect the manifolds. 

OPTIMISATION OF PRESSURISED IRRIGATION SYSTEMS' DESIGN 

Elements of pressurized irrigation systems (sprinkler, trickle, and adaptations) present the designer-

user with a series of competitive demand, which need to be balanced to achieve efficient and 

productive application of water. This balance is generally developed on the basis of previous 

experience and judgement of the designer and/or user. However, operation research methodologies 

are available to assist the engineer in systematically comparing alternative options to select the best 

satisfying the selection design criteria. 

Optimizing Criteria 

Optimization is generally described as a process of maximization or minimization of concise 

numerical quantities, which reflect the relative importance of the goals, contained in alternative 

decisions. Goals do not yield the mathematical expressions for systematic comparison of alternative 

options and therefore be expressed by a quantitative indicator. The most commonly used indicators 

are the economic objective functions; namely, maximization of net benefits or minimization of costs or 

both. 

For irrigated agriculture in Pakistan or elsewhere, the principal objective is to maximize net benefits, 

but in the context of design a more limited criteria of minimizing cost is usually selected. This is 

because of the low investment capacity of small farmers especially in fragile environments. 

Trade-off Design 

Components of any irrigation system have competitive demands, which require trade-off from 

traditional design procedures. An examination of some of this trade-off will help to illustrate the 

optimization problem. 

Uniformity of irrigation application influences the system design. For achieving high uniformity in 

trickle irrigation, each emitter discharge must have minimum variation from the average. This implies 

that pressure throughout the system must be uniform. Since friction losses in pipe network are 

unavoidable, the desire to ensure nearly uniform pressure distribution requires that pipe diameters be 

relatively large and individual pipe lengths be shortened. Thus higher uniformity requires higher costs, 

which normally will be more than the benefits because of increased yields. In practice, the uniformity 

in trickle irrigation system design is maintained arbitrarily limiting pressure variation to within 10% of 

the average design value, thereby eliminating the uniformity-yield considerations.  
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Higher uniformity in sprinkler irrigation is achieved through minimizing discharge variations and by 

overlapping in the range of 25-50%. Thus there is a flexibility in sprinkler irrigation to achieve higher 

uniformity by overlapping of wetting circles because uniformity is a function of not only the effective 

radius but also the wind speed and direction. 

There is also a competition between the costs of pumping and the cost of pipe. If the pipe diameters 

are reduced the head loss in subunits will increase and must be compensated with higher energy. 

Similarly increasing pipe diameters can reduce the pumping energy. The optimum level will be 

achieved by minimizing the sum of both pipe and energy costs. The other tradeoffs include labor 

versus automation. This is again related with the system cost and the farmers' preferences. The 

systematic procedure for optimization requires a mathematical expression of relationship between the 

optimizing criterion (minimum costs) and the decision variables  (pipe lengths and energy costs).  

Considering socio-economic situation of the farming community in Pakistan, both the decision 

variables are important. However, in practice, there are flat electricity rates based on horsepower of 

the electric motor. Therefore, minimizing energy cost will be an important objective function because 

electricity is not easily available and farmers now prefer diesel-operated pumping systems. 

Further rise in diesel prices and extremely low-efficiency of the prime movers have forced farmers to 

re-consider electric motors instead of diesel engines with a condition that the size of the prime 

movers has to be reduced. This reduction is aimed to minimize the energy cost. Some of the farmers 

have forced the design engineers to even design low-pressure energy efficient systems using single 

phase electric motors, because they are facing difficulties to obtain and maintain three-phase 

connection of electricity. Furthermore, optimization of design must be given due emphasis 

considering the operating cost of the system in terms of unit irrigation cost. This will also require clear 

understanding of the design objectives by the engineers involved in this process. 

Special Design Considerations 

Raingun Sprinkler Irrigation Systems 

For Raingun sprinkler irrigation systems' design, there are some special points, which must be 

considered in the design process taking into account the socio-economic and technological 

framework of the farming community. These are: 

 Locally manufactured Raingun sprinkler systems are energy intensive and operate in a 

pressure range of 30-50 m. The recent increase in electricity tariff and diesel prices has 

forced farmers to look into the issue of energy efficiency. Therefore, system design engineers 

must look into the aspects of water and energy efficient system design by improving the 

design with minimum friction losses and energy efficient pumping systems to minimize the 

operational cost. 
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 For canal irrigated areas, a mixed strategy should be adapted while designing the system. 

Therefore, design of sprinkler irrigation systems has to be seen in the context of 

supplemental irrigation and can be used in relation to conjunctive use of water, where 

groundwater is used for irrigation. Furthermore, sprinkler irrigation can also be used for 

specialized objectives like: 

 Rauni irrigation, where light irrigation is needed to provide moisture sufficient to work for 

seedbed preparation. Such light irrigation are possible only with sprinkler irrigation systems, 

where an application of 10-25 mm is just sufficient to prepare seedbed and seeding of crop 

within shortest possible time. Surface Rauni irrigation requires at least 75 mm application and 

post-irrigation wetness demands 7-10 days to have appropriate moisture contents for 

seedbed preparation, especially in the winter season. 

 For sodic soils, most appropriate cropping pattern is rice-wheat system. Rice is planted in 

flooded conditions, where sodic soils provide ideal environment due to reduced seepage 

losses. However, ideal conditions for rice are not suitable for wheat rather inverse conditions 

are required. Flood irrigation on sodic soils for wheat cultivation creates conditions of surface 

ponding, where emergence and growth of wheat is affected adversely. Sprinkler irrigation is 

ideal to provide light irrigation during early period of growth and then converted to surface 

irrigation. 

 Sprinkler irrigation can also be designed to meet requirement for cooling and frost control 

objectives especially for crops like sugarcane, banana, guava, Leachi, chicku, etc. 

 Sprinkler irrigation should be designed for low-pressure systems using Raingun sprinkler 

model of PY1-30 and nozzle sizes of 6-12 mm. PY1-50 model must be used for high-pressure 

systems with nozzle sizes of 12-20 mm. For very efficient systems, nozzle sizes of 6-8 mm 

must be used for designing purposes. These systems will be energy and water efficient 

compared to the high pressure and high discharge systems. Therefore, design engineers are 

encouraged to use low-pressure sprinkler systems with working pressure of 30-m or less. 

Trickle Irrigation Systems 

For trickle irrigation design and related innovative adaptations, there are some special points, which 

must be considered in the design process taking into account the socio-economic and technological 

framework of the farming community. These are: 

 For young orchards, it is easy to design the system because roots follow the wetting pattern 

based on the emitter's type and soil characteristics. The plants rooting pattern is tuned 

towards the wet soil. 

 For matured orchards, which are presently irrigated using surface irrigation, the designing 

process requires knowledge of the rooting pattern and plants sensitivity towards partial water 

uptake through limited rooting system. This might require some special modification in the 
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system considering the best possible points to irrigate without considerable reduction in yield 

and quality. For fruit plants grown in round basins, there is a possibility to use modified 

hosefed irrigation system and provide water through pipeline using small tube openings or 

bubblers. The purpose is to use the concepts of trickle irrigation and design cost-effective 

system considering farmers' preferences and site-specific conditions. 

 For steep slopes, the land development and reclamation costs are high. Therefore, trickle 

irrigation for fruit/forest plants provides an alternate option for farming and resource 

conservation. Designing for such system will be complex considering the elevation 

differences. The objective will be to provide water during dry spells and low uniformity levels 

might be acceptable considering the minimization of cost. The placement of mains, submains 

and manifolds will require special attention and laterals must be planned with minimum 

elevation differences. 

MANUFACTURERS' SPECIFICATIONS FOR PRESSURIZED IRRIGATION SYSTEMS 

Raingun Sprinkler Irrigation Systems 

PARC has designed semi solid-set and portable Raingun sprinkler irrigation systems using Chinese 

engine and MECO pumps/motors. MECO Pvt. Ltd. Lahore has already developed production 

capability for Raingun sprinkler irrigation systems by utilizing their existing facility for manufacturing of 

mono-black or direct-coupled high-pressure pumping systems. They are now providing complete 

units of Raingun sprinkler irrigation systems, with two models of Rainguns namely PY1-30 and PY1-50. 

Farmers and other users' can directly order these systems or seek advice of the WRRI-NARC or 

Private Irrigation Companies for the design of the specific systems to suit their requirement. 

Portable sprinkler irrigation pumping systems include two major components like pump and engine. 

The diesel operated sprinkler irrigation portable system includes a multi-stage pump (as per 

requirement), pressure head and discharge (as per requirement) with desired size Chinese engine. 

The pumping set is installed on an adjustable trolley with two wheels and new tyres of 12 inch or 

desired rim size, two stands and towing hook. Suction facility includes a 6-m length of HDPE black 

carbon suction pipe with check valve. Coupler is fixed at the pump outlet with connections for desired 

size flexible pipe for lateral and a pressure gauge. All assembly work is properly aligned; safe and 

pads are used at engine and pump foundation to reduce vibrations. All couplings should be leak 

proof.  

When the size of the engine exceeds 24 hp, it is recommended that PTO driven systems should be 

used because the cost of the pumping systems with engine is very high. Therefore, for farmers who 

own 25, 32 or 45 hp tractors, they can order for PTO driven Raingun sprinkler irrigation systems. In 

case of electric systems, high-efficiency motors should be used to reduce the operational cost. 
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Both electric and diesel operated specifications are given for manufacturing of the Raingun sprinkler 

irrigation systems. Efficiency of 30 and 25% is used for electric and diesel operated systems, mainly 

because of the low-cost and low-efficiency pumping systems normally used by farmers due to 

affordability. If anyone wants to use high-efficiency pumping systems, the design has to be modified 

accordingly. 

Raingun Sprinkler Irrigation System for Very-Small Size Farms 

Low-Pressure Option 

Low-pressure option is designed for very-small size farms of 2.5 to 4.0 acres. The Raingun sprinkler 

model of PY1-30 is recommended with nozzle size of 8 mm. This system can also use Raingun model 

PY1-20.  

  Q      = 1.25 lps 

  H      = 45 m 

  WHP      = 0.74 hp 

  Motor BHP     = 2.5 

        = 3.0 

  Engine BHP     = 2.96 

        = 3.0 

Both the electric and diesel operated pumping systems are designed with prime-mover size of 3 hp. 

For diesel operated pumping systems, air-cooled Chinese diesel engines should be used. 

High-Pressure Option 

High-pressure option is designed for very-small size farms of 2.75 to 4.5 acres. The Raingun sprinkler 

model of PY1-30 is recommended with nozzle size of 8 mm. This system can also use Raingun model 

PY1-20.  

  Q      = 1.25 lps 

  H      = 55 m 

  WHP      = 0.90 hp 

  Motor BHP     = 3.00 

  Engine BHP     = 3.60 

        = 4.0 
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Electric operated pumping system is designed with prime-mover size of 3 hp, whereas for diesel 

operated pumping system; air-cooled Chinese diesel engine of 4 hp should be used. 

Sprinkler Irrigation System for Small Size Farms 

Low-Pressure Option 

Low-pressure option is designed for small size farms of 5.0 to 8.3 acres. The Raingun sprinkler model 

of PY1-30 is recommended with nozzle size of 12 mm.  

  Q      = 2.35 lps 

  H      = 46 m 

  WHP      = 1.42 hp 

  Motor BHP     = 4.73 hp 

        = 5.00 hp 

  Engine BHP     = 5.68 hp = 6 hp 

Electric operated pumping system is designed with prime-mover size of 5 hp, whereas for diesel 

operated pumping system; water-cooled Chinese diesel engine of 6 hp should be used. 

High-Pressure Option 

High-pressure option is designed for small size farms of 6.0 to 10.0 acres. The Raingun sprinkler 

model of PY1-30 is recommended with nozzle size of 12 mm.  

  Q      = 2.74 lps 

  H      = 60 m 

  WHP      = 2.16 hp 

  Motor BHP     = 7.2 hp 

        = 7.5 hp 

  Engine BHP     = 8.64 = 9.0 hp 

Electric operated pumping system is designed with prime-mover size of 7.5 hp, whereas for diesel 

operated pumping system, water-cooled Chinese diesel engine of 9 hp should be used. Normally the 

9 hp diesel engine has in-built radiator for water-cooled engines.  
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Sprinkler Irrigation System for Medium Size farms 

Low-Pressure Option  

Low-pressure option is designed for medium size farms of 10.5 to 17.5 acres. The Raingun sprinkler 

model of PY1-50 is recommended with nozzle size of 16 mm. This system can also use Raingun model 

PY1-40.  

  Q      = 4.83 lps 

  H      = 56.0 m 

  WHP      = 3.56 hp 

  Motor BHP     = 11.87 hp 

        = 12 hp 

  Engine BHP     = 14.25 hp 

        = 16 hp 

Electric operated pumping system is designed with prime-mover size of 12 hp, whereas for diesel 

operated pumping system; water-cooled Chinese diesel engine of 16 hp should be used. Locally 

manufactured 16-hp diesel engine should be used, as spare parts are easily available. 

High Pressure Option  

High-pressure option is designed for medium size farms of 11.6 to 19.3 acres. The Raingun sprinkler 

model of PY1-50 is recommended with nozzle size of 16 mm. This system can also use Raingun model 

PY1-40.  

  Q      = 5.44 lps 

  H      = 69.0 m 

  WHP      = 4.94 hp 

  Motor BHP     = 16.5 hp 

        = 16 hp 

  Engine BHP     = 19.76 hp 

        = 20 hp 

Electric operated pumping system is designed with prime-mover size of 16 hp, whereas for diesel 

operated pumping system; water-cooled Chinese diesel engine of 20 hp should be used. Locally 

manufactured 20-hp diesel engine should be used, as spare parts are easily available. 
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Sprinkler Irrigation System for Large-Size Farms 

Low-Pressure Option 

Low-pressure option is designed for large size farms of 16.0 to 26.7 acres. The Raingun sprinkler 

model of PY1-50 is recommended with nozzle size of 20 mm.  

  Q      = 7.56 lps 

  H      = 57 m 

  WHP      = 5.67 hp 

  Motor BHP     = 18.9 hp 

        = 20 hp 

  Engine BHP      = 22.68 hp 

        = 24 hp 

Electric operated pumping system is designed with prime-mover size of 20 hp, whereas for diesel 

operated pumping system; water-cooled Chinese diesel engine of 24 hp should be used. Locally 

manufactured 24-hp diesel engine should be used, as spare parts are easily available. 

High-Pressure Option 

High-pressure option is designed for large size farms of 18.0 to 30.0 acres. The Raingun sprinkler 

model of PY1-50 is recommended with nozzle size of 20 mm. 

  Q      = 8.47 lps 

  H      = 70 m 

  WHP      = 7.80 hp 

  Motor BHP     = 25 hp 

  Engine BHP      = 31.2 hp 

        = 32 hp 

This system is recommended only in special cases, as the motor and engine size is both 

uneconomical to run. Therefore, PTO driven system or locally available Chinese tractor engines 

should be used to design the system. Design engineers are advised to design the system until farmer 

is extremely interested. Size of the prime mover is costly and difficult in handling. 
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Trickle Irrigation Systems 

Trickle Irrigation System for Small Size Farms 

Low-Discharge Systems 

Low-pressure option is designed for small size farms of 4.0 acres. The Turbo emitters with discharge 

of 3 lph are recommended. 

  Q      = 0.48 lps 

  H      = 27 m 

  WHP      = 0.17 hp 

  Motor BHP     = 0.57 

        = 1.0 

  Engine BHP     = 0.68 

        = 1.0 

Electric motor of one-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 

High-Discharge Systems 

High-pressure option is designed for small size farms of 4.0 acres. The Spiral emitters with discharge 

of 12 lph are recommended. 

  Q      = 0.48 lps 

  H      = 27 m 

  WHP      = 0.17 hp 

  Motor BHP     = 0.56 

        = 1.0 

  Engine BHP     = 0.68 

        = 1.0 

Electric motor of one-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 
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Trickle Irrigation System for Medium Size Farms 

Low-Discharge Systems 

Low-pressure option is designed for medium size farms of 12.0 acres. The Turbo emitters with 

discharge of 3 lph are recommended. 

  Q      = 0.48 lps 

  H      = 28 m 

  WHP      = 0.18 hp 

  Motor BHP     = 0.60 

        = 1.0 

  Engine BHP     = 0.72 

        = 1.0 

Electric motor of one-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 

High-Discharge Systems 

High-pressure option is designed for medium size farms of 12.0 acres. The Spiral emitters with 

discharge of 12 lph are recommended. 

  Q      = 0.96 lps 

  H      = 28 m 

  WHP      = 0.35 hp 

  Motor BHP     = 1.2 

        = 2.0 

  Engine BHP     = 1.40 

        = 3.0 

Electric motor of 2-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 

Trickle Irrigation System for Large Size Farms 

Low-Discharge Systems 

Low-pressure option is designed for large size farms of 24.0 acres. The Turbo emitters with discharge 

of 3 lph are recommended. 
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  Q      = 0.96 lps 

  H      = 29 m 

  WHP      = 0.37 hp 

  Motor BHP     = 1.23 hp 

        = 2.0 hp 

  Engine BHP     = 1.48 

        = 2.0 

Electric motor of 2-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 

High-Discharge Systems 

High-pressure option is designed for large size farms of 24.0 acres. The Spiral emitters with 

discharge of 12 lph are recommended. 

  Q      = 0.96 lps 

  H      = 28 m 

  WHP      = 0.35 hp 

  Motor BHP     = 1.2 

        = 2.0 

  Engine BHP     = 1.40 

        = 3.0 

Electric motor of 2-hp is recommended for electric powered pumping systems, whereas for diesel 

operated pumping systems only option is to use 3-hp air-cooled Chinese diesel engine. 
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Irrigation Scheduling for Pressurized Irrigation Systems 

Reference Crop Evapotranspiration 

Peak crop water requirements are used to design pressurised irrigation systems. The crop water 

requirements of four selected crops and for five agro-climatic zones were used for the selection of 

design peak water requirement for five zones of the country (Table 13). Peak crop water requirement 

for selected crops like wheat, maize, cotton and sugarcane varies between 4-8 mm/day for selected 

locations in Pakistan. However, for the scheduling of sprinkler irrigation actual crop water 

requirements have to be used to consider the seasonal variability in atmospheric demand. Therefore, 

reference crop evapotranspiration of six selected locations is presented in Table 21. 

Table 21. Reference crop evapotranspiration for six selected locations in Pakistan. 

Months Reference Crop Evapotranspiration for Selected Locations (mm/day) 

Quetta Abbotabad Attock Barkhan Haripur Hyderabad 

January 1.3 1.7 1.8 2.3 1.8 3.0 

February 2.2 2.4 2.5 3.0 2.5 3.8 

March 3.0 3.6 3.6 4.4 3.6 5.6 

April 4.6 5.2 5.2 6.1 5.1 7.1 

May 5.9 7.1 7.1 7.5 6.9 8.0 

June 7.2 7.5 8.2 7.5 8.1 7.3 

July 7.4 7.0 7.2 6.7 7.0 6.2 

August 6.8 5.8 6.1 5.8 5.9 5.5 

September 5.2 5.3 5.5 5.7 5.3 5.5 

October 3.7 4.1 4.2 4.7 4.2 5.2 

November 2.1 2.7 2.8 2.4 2.8 4.1 

December 1.4 1.9 2.0 2.4 2.0 3.0 

Average 4.3 4.6 4.7 5.0 4.6 5.4 

Peak 7.4 7.5 8.2 7.5 8.1 8.0 

 

Actual Crop Evapotranspiration 

Actual crop evapotranspiration for orchards can be computed using a constant crop coefficient of 0.80 

(Table 22). 

For more detailed information regarding actual crop evapotranspiration of field crops, vegetables, 

pulses and fruits, the users of this Handbook are refered to the PARC reports on "Consumptive Use 

of Water for Major Crops under Optimum Management Practices" 1982 and "Water Use - Crop 

Production Technology and Consumptive Use of Water" of 1993. These two reports provide all the 
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required information regarding moisture stress and yield functions and crop water requirement for 

scheduling of sprinkler irrigation. Therefore, real-life information closer to the site under consideration 

may be selected for scheduling of irrigation. 

Peak actual requirement for selected locations and for orchards varied from 6-7 mm/day, which is in 

line with peak design values presented in Table 13. However, the seasonal variation is significantly 

higher as actual evapotranspiration varied between 1-6 mm/day. Thus the winter season irrigation 

frequency will be different than the summer season. The design engineers are advised to develop 

irrigation schedules for each farm to provide specific irrigation schedules. 

Table 22. Actual crop evapotranspiration of orchards for selected locations in Pakistan. 

Months Actual Crop Evapotranspiration for Selected Locations (mm/day) 

Quetta Abbotabad Attock Barkhan Haripur Hyderabad 

January 1.04 1.4 1.4 1.8 1.4 2.4 

February 1.8 1.9 2.0 2.4 2.0 3.0 

March 2.4 2.9 2.9 3.5 2.9 4.5 

April 3.7 4.2 4.2 4.9 4.1 5.7 

May 4.7 5.7 5.7 6.0 5.5 6.4 

June 5.8 6.0 6.6 6.0 6.5 5.8 

July 5.9 5.6 5.8 5.4 5.6 5.0 

August 5.4 4.6 4.9 4.6 4.7 4.4 

September 4.2 4.2 4.4 4.6 4.2 4.4 

October 3.0 3.3 3.4 3.8 3.4 4.2 

November 1.7 2.2 2.2 1.9 2.2 3.3 

December 1.1 1.5 1.6 1.9 1.6 2.4 

Average 3.4 3.7 3.8 4.0 3.7 4.3 

Peak 5.9 6.0 6.6 6.0 6.5 6.4 

 

Scheduling of Raingun Sprinkler Irrigation Systems 

Raingun Sprinkler PY1-20 

Three nozzle sizes of 6, 7 and 8 mm are recommended for the Raingun sprinkler model of PY1-20, 

with an operating pressure range of 30-40 m. The area commanded in one-setting of sprinkler 

irrigation ranged from 0.28 to 0.39 acres and from 0.36 to 0.40 acres for pressure heads of 30 and 40 

m, respectively. Thus in one setting of sprinkler, 0.30 to 0.40 acres can be irrigated with nozzle sizes 

of 6 to 8 mm. Time required for applying irrigation depths of 5 and 8 mm ranged from 2.78 to 1.75 

hours and from 4.44 to 2.80 hours for pressure heads of 30 and 40 m, respectively (Table 23). 
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Raingun Sprinkler PY1-30 

Four nozzle sizes of 9, 10, 11 and 12 mm are recommended for the Raingun sprinkler model of PY1-

30, with an operating pressure range of 30-40 m. The area commanded in one-setting of sprinkler 

irrigation ranged from 0.45 to 0.57 acres and from 0.47 to 0.63 acres for pressure heads of 30 and 40 

m, respectively. Thus in one setting of sprinkler, 0.45 to 0.63 acres can be irrigated with nozzle sizes 

of 9 to 12 mm (Table 23). 

Time required for applying irrigation depths of 5 and 8 mm ranged from 1.85 to 1.30 hours and from 

2.96 to 2.07 hours for pressure heads of 30 and 40 m, respectively (Table 23).  

Raingun Sprinkler PY1-40 

Five nozzle sizes of 12, 13, 14, 15 and 16 mm are recommended for the Raingun sprinkler model of 

PY1-40, with an operating pressure range of 30-45 m. The area commanded in one-setting of sprinkler 

irrigation ranged from 0.60 to 0.95 acres and from 0.78 to 0.1.02 acres for pressure heads of 30 to 35 

and 45 m, respectively. Thus in one setting of sprinkler, 0.60 to 1.02 acres can be irrigated with 

nozzle sizes of 12 to 16 mm. Time required for applying irrigation depths of 5 and 8 mm ranged from 

1.27 to 1.05 hours and from 2.03 to 1.67 hours for pressure heads of 30 to 35 and 45 m, respectively 

(Table 23).  

Raingun Sprinkler PY1-50 

Three nozzle sizes of 16, 18 and 20 mm are recommended for the Raingun sprinkler model of PY1-50, 

with an operating pressure range of 40-50 m. The area commanded in one-setting of sprinkler 

irrigation ranged from 1.07 to 1.31 acres and from 1.16 to 1.39 acres for pressure heads of 40 and 50 

m, respectively. Thus in one setting of sprinkler, 1.07 to 1.39 acres can be irrigated with nozzle sizes 

of 16 to 20 mm (Table 23). 

 Time required for applying irrigation depths of 5 and 8 mm ranged from 1.22 to 0.92 hours and from 

1.95 to 1.48 hours for pressure heads of 40 and 50 m, respectively (Table 23).  

Raingun models of PY1-30 and PY1-50 are locally manufactured, whereas the other models of PY1-20 

and PY1-40 are available in the market, which are imported from China. Therefore, the design 

examples in this handbook are provided for the locally manufactured Rainguns because supply and 

spare parts are easily available. 

Table 23. Area commanded and time required for selected depths of irrigation for different 

nozzle sizes and Raingun models recommended for Pakistan. 

Type of 
Raingun 

Nozzle 
Diameter 

(mm) 

Working 
Pressure 

(m) 

Area Commanded in 
One-Setting (acres) 

Time Required for Selected 
Irrigation Depths (hours) 

5-mm 8-mm 

PY1-20 6 30 0.28 2.39 3.83 
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 40 0.36 2.78 4.44 

7 30 0.36 2.23 3.57 

 40 0.41 2.40 3.85 

8 30 0.39 1.97 3.15 

 40 0.40 1.75 2.80 

PY1-30 9 30 0.45 1.85 2.96 

 40 0.47 1.68 2.68 

10 30 0.51 1.70 2.72 

 40 0.55 1.61 2.57 

11 30 0.59 1.63 2.61 

 40 0.63 1.51 2.41 

12 30 0.57 1.37 2.19 

 40 0.63 1.30 2.07 

PY1-40 12 30 0.60 1.27 2.03 

 45 0.78 1.37 2.20 

13 30 0.63 1.21 1.94 

 45 0.74 1.11 1.77 

14 35 0.79 1.24 1.99 

 45 0.82 1.13 1.81 

15 35 0.90 1.15 1.84 

 45 0.96 1.10 1.77 

16 35 0.95 1.10 1.76 

 45 1.02 1.05 1.67 

PY1-50 16 40 1.07 1.22 1.95 

 50 1.16 1.17 1.88 

18 40 1.17 1.05 1.68 

 50 1.24 0.99 1.59 

20 40 1.31 0.98 1.57 

 50 1.39 0.92 1.48 

Scheduling of Trickle Irrigation Systems 

Scheduling of trickle irrigation systems is much easier compared to sprinkler irrigation. The 

information required is of two types. Firstly, actual crop water requirement at a particular time is 

needed. Secondly, the discharge of emitter is required to compute duration of irrigation in hours. Thus 

the only decision making required is to estimate the duration of irrigation based on the emission point 

discharge. Design engineers are encouraged to formulate tables for the duration of irrigation for 

farmers' systems so that they can schedule their irrigation.   
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Operation and Maintenance of Pressurized Irrigation 

Systems 

RAINGUN SPRINKLER IRRIGATION SYSTEMS 

It is necessary to conduct survey, mapping and designing for the installation of Raingun sprinkler 

irrigation systems to meet the requirement of farmers and water users. The essential elements to be 

considered are: a) features of sprinkler to be used; b) specific land conditions; c) water source; d) 

crops; and e) direction of wind. 

Routine operation and maintenance of the Raingun sprinkler irrigation system must be kept in order 

to run the system satisfactorily in the long run, as well as to get rid of troubles. The following 

guidelines are suggested for the water users: 

 If V belt is used for transmission of power, the main shaft of the engine must be parallel with 

the shaft of the pump, and pulleys must also be in order. The distance between the two 

centres of the pulleys must be longer than twice of the two diameters of the pulleys. When 

the pump is coupled with the engine directly, the two machines should be mounted on the 

same base plate with an elastic coupling. Notice to examine the main shaft of the engine and 

the shaft of pump to be kept in concentricity to prolong its working life. 

 Location of the pump must be at a height of 1-2 meters less than the permissible suction 

height (taken from the water level of well/pond). The ground must be solid on which the 

housing is constructed to mount the pumping system to avoid troubles associated with the 

site. 

 Location of suction pipe should be carefully selected to avoid leakage of water. The filtering 

grid should be submerged into water entirely and kept away from the wall or base of the 

well/pond preventing the entrance of sand, air and other matters. 

 While locating the delivery pipe, bury the LDPE pipes 1.5 to 2 feet deep in the ground and 

hydrants must be installed at the designed distances. Keep the flexible lateral pipe away from 

branches of trees, sharp matter's abrasion, as well as the pressure of trucks and tress-

passers. It is strictly forbidden to put the flexible lateral pipe near the moving parts of the 

pumping system. In transportation, the flexible lateral pipe must be wound and not to be 

pulled along the field. Flexible lateral pipe must be attached/detached from the coupler of the 

hydrant in a way that it does not break or wear the couplers and other connections. Keep the 

flexible lateral pipes away from direct effect of the sun and rain to avoid deformation and 

aging. Drain all water before wounding the flexible pipe. 

 Put the frame/stand of the Raingun sprinkler on the ground in a proper alignment, so that the 

head of the sprinkler can rotate uniformly, then fix the bolts. Mounting the sprinkler head on 
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the frame, examine the rotating action of the head and reversing mechanism, if they function 

freely. Check the fastness of oscillating arm by means of pulling it aside if necessary, some 

oil and grease should be put into moving parts, then clean the rapid union of pipes and 

connected them together. 

 Before starting the pumping system, the turning direction should be examined. Make it sure 

that it must rotate uniformly. No trouble noise should happen. 

 For self-priming pumping system, before starting, enough water should be put into the pump 

body so that to make it's suction all right. It is strictly forbidden to run the pumping system 

without water to avoid burning of seals. Before starting of a centrifugal pump, fill water first 

into the pump, and until water is fully filled in the suction pipe and pump body, then you may 

start the pump. 

 Operation of the pumping system should be stopped if it discharges no water after three 

minutes from its start. 

 If any irregular phenomena occurs during the running of the pump (such as noise, vibration, 

decrease of water capacity), pumping should be stopped immediately. Notice the 

temperature of the bearings, which must be lower than 75 C. 

 Observe the working condition of the Raingun sprinkler head, if it is rotating normally, faster 

or slower. Examine the reversing action, if there is any thing unusual. 

 It would be better not to use dirty water with majority of sand for irrigation, lest both the 

impellers of the pump and the nozzle may be worn quickly and interferes the growth of plant. 

 When you want to change the nozzle and adjust its revolution for irrigation to various soil and 

crops, you may tighten or unfasten the oscillating spring. The oscillating arm is supported on 

the shaft of oscillating arm; it is also possible to control the rotation of the nozzle by adjusting 

the bolt to make the head of arm submerged into water. Adjustment of the position of 

reversing hook makes the reversing speed adjustment possible. The rotation of Raingun 

sprinkler head is well set, if it rotates slowly without leaving any fluid in the field.  

 When the pump is to be put out of use for a long period of time, it is necessary to drain off the 

water within the pump body. Examine the pump, Raingun sprinkler head and clean it with 

cloth. Coat it with grease and then wrapped up with paper to avoid the entrance of other 

matters. Be sure to put the pump in a dry place. Keep it away from acid and alkaline matters 

and high temperature. Flexible lateral pipe should also be cleaned and put in dry, shady 

corners after rounding it into cycle. 

 After every 100 hours, the Raingun sprinkler head should be detached and examined, grease 

the moving parts against rust. For the pumping system, after 1000 hours of running, the 

bearing body should be detached, have it cleaned and change its grease. 
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 Take care of the mounting or detachment of the sealing parts of the pumping system, keep 

the sealing surface of moving or static ring clean. When rubber oil seal with frame is used, 

pay attention to the direction of position of the seal and not let the spring turn out. 

Troubles, causes and remedies encountered in the operation of Raingun sprinkler irrigation system 

are presented in Table 24. 

Table 24. Troubles, causes and remedies encountered in the operation of Raingun sprinkler 

irrigation System. 

Troubles Causes Remedies 

No water 
discharged from 
the pump 

1. Less water stored in the pump 

2. Leakage of gas in suction pipe or 
seals. 

3. Wrong revolving direction of the 
pump. 

4. Revolving speed too low.  

5. Suction head higher than normal 
value. 

1. Put water into pump body 

2. Check and repair the suction 
pipe, adjust or change seals. 

3. Check and manage. 

4. Adjust the revolving speed. 

5. Lower the suction head. 

Less water 
discharged 

1. Blockage of filtering grid or impeller 

2. Less revolving speed 

3. Leakage of water in the ring on 
impeller 

4. Water head too high 

1. Take off the matters within 
them 

2. Adjust the speed 

3. Fix a ring 

4. Lower the water head 

Increase of shaft 
power 

1. Speed too high 

2. Bend of pump shaft 

3. Bearing worn 

1. Adjust the speed 

2. Adjust or change 

3. Change bearings 

Noise and 
Irregular 
vibration 

1. Suction head too high 

2. Base movable 

3. Bearing worn 

4. Bend of pump shaft 

1. Decrease the speed 

2. Fasten it 

3. Change bearings 

4. Check or change it 

Bearing 
Overheat 

1. Over greased or less greased 

2. Bend of pump shaft 

3. Belt over tighten 

1. Make it normal 

2. Check or change it 

3. Adjust or un-tighten it 

Sprinkler does 
not rotate or 
turns too slowly 

Oscillating arm mounted with incorrect 
angle. 

Adjust the depth of beater; adjust 
the relative position between the 
guide plate of the water deflector 
and the centerline of outer flow. 

Oscillating arm mounted with incorrect 
height. 

Adjust the adjusting bolt on the 
oscillating arm, and change the 
submerging depth in water. 

Fastness of the spring on oscillating arm 
is not right. 

Adjust the seat angle of the 
oscillating arm. 

Oscillating arm shaft movable. Fasten the bolt of the pressing 
plate. 
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It is over tight between the sleeve and the 
shaft of the oscillating arm. 

Detach the parts, clean them grind 
them, if necessary 

Too much clearance between sleeve and 
shaft. 

Replace it with a new one. 

Water pressures not enough. Adjust the working pressure. 

Sand between hollow shaft and sleeve. Detach and clean 

Clearance between hollow shaft and 
sleeve too small. 

Grind 

Above clearance too large. Replace a new one. 

Blockage of the pipe. Clean off the useless matters. 

Sprinkler head 
can not work in 
reverse or works 
unsteadily 

Location of oscillating arm incorrect Adjust the height of the arm 

Spring of the arm adjusted incorrectly Adjust the spring 

Oscillating arm shaft movable Refasten it 

Oscillating arm shaft and sleeve fixed 
over-tightly 

Grind it 

Oscillating arm shaft over worn Replace a new one 

Reversing device out of use or its spring 
worn 

Replace a new spring 

Block on reverse worn Adjust or change the oscillating 
piece 

Moving parts of the reverse do not work 
smoothly, the oscillating piece can not 
raise up 

Grease the shaft on the oscillating 
piece 

Jet head of 
nozzle not high 
enough, no 
uniform spraying 

High frequency of beater on the oscillating 
arm 

Adjust the oscillating arm spring 

Height of position of oscillating arm is 
incorrect 

Adjust the adjusting screw to 
change the submerging depth in 
water 

Less pressure Adjust the working pressure 

Blockage of pipes Clean off the useless matters 

 

TRICKLE IRRIGATION SYSTEMS 

It is necessary to conduct survey, mapping and designing for the installation of trickle irrigation 

systems to meet the requirement of farmers and water users. The essential elements to be 

considered are: a) features of emitters to be used; b) specific land conditions; c) water source; d) 

crops and plants; e) age of plants (matured or young); and f) wetted area. 

Routine operation and maintenance of the trickle irrigation system must be kept in order to run the 

system satisfactorily in the long run, as well as to get rid of troubles. The following guidelines are 

suggested for the water users. 
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 Observe the working condition of the emitters, if it is emitting normally, faster or slower. 

Examine the emission action, if there is any thing unusual. 

 Users must ensure that dirty water with majority of sand for irrigation should not be used, 

otherwise both the impellers of the pump and the emitters will be worn quickly and interfere 

with the growth of plant. It would also clog the filters and emitters. 

 In case users are using canal water for trickle irrigation, there is a need to install sand filters 

to filter the dirty water. The canal water will progressively clog the sand filter. In case the filter 

is clogged, the pumping operation would be affected. Thus replace the layers of the sand 

filter in a way that it does not affect the filter of the pumping system. 

 When the user wants to change the spiral emitter or adjust its thread for discharge to suit 

various soils and crops, he may tighten or unfasten the emitter‘s thread. For micro tubing, the 

jet of water has to be broken by reducing the pressure. In case, the bigger tube in which the 

micro tubing is inserted is blocked, clean the tube carefully or replace. 

 After every third month, opening the laterals at the distal end should flush tubing of the trickle 

irrigation system. In case simple flushing is not sufficient, acid treatment should be employed 

to clean the deposited materials. 

Troubles, causes and remedies encountered in the operation of trickle irrigation are presented in 

Table 25. 

Table 25. Troubles, causes and remedies encountered in the operation of Trickle irrigation 

System. 

Troubles Causes Remedies 

Reduced 
emitters 
discharge 

Filter choked Clean the filter or replace 

Sediment deposition in tubing Flush tubing 

Emitter clogged Clean the emitter or replace 

Reduced pump discharge Clean impellers or filter of suction line 

Variable 
discharge or 
uniformity 

Pressure variations Adjust pressure by adjusting lateral 
lines 

Emitters clogged Check clogged emitters, clean or 
change 

Leakage in 
tubing 

Damaged tubing Repair or replace 

Loose joints Tighten joints or replace connections 

Leaks in valves Check and repair or replace 

Leaks in 
emitters, joints, 
connections 

Loose or broken emitter Tighten or replace emitter 

Loose or broken joints Tighten or replace emitter 



 lxxxi 

APPENDICIES 

Appendix-I. Values of the coefficient, KF, for various fittings. 

Fitting Valve Nominal Diameter, mm 

76.2 101.6 127.0 152.4 177.8 203.2 254.0 

Bends: 

  Return Flanged 

  Return Screwed 

 

0.33 0.30 0.29 0.28 0.27 0.25 0.24 

0.80 0.70      

Elbows: 

  Regular Flanged 90º 

  Long Radius Flanged 90º 

  Long Radius Flanged 45º 

  Regular Screwed 90º 

  Long Radius Screwed 90º 

  Regular Screwed 45º 

 

0.34 0.31 0.30 0.28 0.27 0.26 0.25 

0.25 0.22 0.20 0.18 0.17 0.15 0.14 

0.19 0.18 0.18 0.17 0.117 0.17 0.16 

0.80 0.70      

0.30 0.23      

0.30 0.28      

Trees: 

  Flanged Line Flow 

  Flanged Branch Flow 

  Screwed Line Flow 

  Screwed Branch Line 

 

0.16 0.14 0.13 0.12 0.11 0.10 0.09 

0.73 0.68 0.65 0.60 0.58 0.56 0.52 

0.90 0.90      

1.20 1.10      

Valve: 

  Globe Flanged 

  Globe Screwed 

  Gate Flanged 

  Gate Screwed 

  Swing Check Flanged 

  Swing Check Screwed 

  Angle Flanged 

  Angle Screwed 

  Foot 

 

7.0 6.3 6.0 5.8 5.7 5.6 5.5 

6.0 5.7      

0.21 0.16 0.13 0.11 0.09 0.075 0.06 

0.14 0.12      

2.0 2.0 2.0 2.0 2.0 2.0 2.0 

2.1 2.0      

2.2 2.1 2.0 2.0 2.0 2.0 2.0 

1.3 1.0      

0.80 0.80 0.80 0.80 0.80 0.80 0.80 

Strainers-Basket Type 1.25 1.05 0.95 0.85 0.80 0.75 0.67 
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Framework for Irrigation Scheduling with Skimmed Groundwater 

to Manage Root Zone Salinity 

In irrigated agricultural areas in semi-arid zones, where the canal water supplies are generally not 

sufficient to meet the crop water requirement, the necessity of pumped water application arises. If these 

irrigated agricultural areas are having shallow watertables, the salts are being added to the root zone: (i) 

from the bottom due to groundwater contribution and (ii) from the top due to pumped water and canal 

water applications. Under such irrigated agricultural conditions, there is a need of adopting practical ways 

and means for irrigation applications so that the root zone salinity is managed throughout the cropping 

season within the acceptable limits for good crop productivity. In this context, a set of guidelines for 

irrigation scheduling aimed at managing salinity in the root zone can provide such tools for irrigation 

applications. 

However, for developing and implementing guidelines for irrigation scheduling with skimmed 

groundwater, there is a need to develop linkages between the net soil moisture depletion and the 

threshold levels of the root zone salinity at different stages of the crop growth under different soil moisture 

depletion levels. Therefore, after reviewing the literature available on the factors concerning the salinity in 

the root zone, a preliminary framework for irrigation scheduling with skimmed groundwater is presented. 

The monitoring and evaluation of this preliminary framework will help in developing guidelines for 

irrigation scheduling with skimmed groundwater. The methodology of developing such guidelines is 

formulated so that it can be generalized for uses in other similar aquifers in the Indus Basin of Pakistan. 

INTRODUCTION 

Brief Description of the project 

The project is designed for the Mona Experimental Reclamation Project (MREP) and/or the Fordwah 

Eastern Sadiqia (South) Irrigation and Drainage Project (FESS) areas (Figure 1). The technology and 

management packages, under the project, comprise three inter-linked components: (i) the skimming well 

technologies, (ii) the pressurized and innovative irrigation application systems, and (iii) the root zone 

salinity management. 

First component focuses on identifying and testing a limited number of promising skimming well 

technologies for skimming thin lenses of relatively-fresh groundwater from aquifers underlain by saline 

groundwater layers while controlling the saline groundwater upconing as a consequence of pumping. The 

options that considered while selecting the promising skimming well technologies include single-

strainer/multi-strainers skimming wells, dugwells, scavenger well, and radial well, etc. 

Under the second component, the in-country manufacturers will be encouraged and supported to develop 

low-cost pressurized irrigation application systems adaptable within the local setting of Pakistan. The 
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options for low-cost pressurized irrigation application systems include sprinkler (raingun), drip/trickle, and 

bubbler, etc. Keeping in view the vastness of surface irrigation and the perceptions of the farmers with 

low discharge rates, the adoption of innovative irrigation application systems (like bed-and-furrow, furrow-

ridge, bed-and-corrugation etc.) is also being viewed favorably. 

The third component deals in developing and implementing guidelines for irrigation scheduling with 

skimmed groundwater to manage root zone salinity. The options for applying skimmed groundwater 

comprise the pressurized and innovative irrigation application systems. 

 

Figure 1. Location map of the project sites. 

Specific conditions in the project areas 

In the MREP area, there are 73 % farmers with small land holdings (less than 5 hectares), 18% with 

medium land holdings (5 to 10 hectares) and 9% with land holdings of more than 10 hectares (Kahlown et 

al., 1998). While in the FESS area, there are two farm types: the large farm with an average area of 11 

hectares, and the small farm having average area of 3.5 hectares. The large and small farms cover 59% 
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and 41% of the project area, respectively. By number, small farms constitute about 70% of the total 

number of farms in the area (WAPDA, 1997). 

The cropping patterns, in the MREP area, include mainly rice-wheat and maize-wheat with sugarcane as 

a cash crop. Fodder crops also occupy a place in their cropping pattern. Citrus occupies an important 

position in the cropping pattern and considered as most profitable crop of the area (Kahlown et al., 1998). 

In the FESS area, the major crops are wheat, cotton, sugarcane, fodder and rice. The crops account for 

more than 94% of the cropped area, the rest is under maize, pulses and other minor crops (WAPDA, 

1997). 

At the small farms in the MREP area, the annual cropping intensity is 152%, which comprises 65 and 

87% under kharif and rabi seasons, respectively. In kharif, rice, sugarcane, and maize occupy 26, 9, and 

30% of the cropped area. While, wheat and fodder covers 72 and 15% of the cropped area in rabi season 

(Kahlown et al., 1998). Whereas in the FESS area, the annual cropping intensity is 129.3%, with 55.3% in 

kharif and 74% in rabi, counting sugarcane in both seasons (WAPDA, 1997). 

The surface irrigation application method is the most prevalent form of irrigation practiced within the 

MREP and FESS project areas (WAPDA, 1997; and Kahlown et al., 1998). Over-irrigation is commonly 

practiced during rouni (pre-planting/soaking irrigation), 1st and 2nd irrigations, while under-irrigation is 

practiced during the last few irrigations (when soil surface conditions enhance the water advance 

behaviour). 

Needs for irrigation scheduling with skimmed groundwater 

In the MREP and FESS project areas, excluding the monsoon period, the canal water supplies are 

generally not sufficient to meet the crop water requirement. The watertable is shallow and therefore it also 

contributes to the evapotranspiration from the crops. But, when both the canal water supplies and the 

groundwater contribution due to capillary rise do not match the crop water requirement, the necessity of 

pumped water application arises. Thus, in the MREP and FESS project areas, the salts are being added 

to the root zone: (i) from the bottom due to groundwater contribution and (ii) from the top due to pumped 

water and canal water applications. 

Different skimming well technologies are being used to extract relatively-fresh groundwater lenses from 

aquifers underlain by saline groundwater layers. However, the discharge rates from these skimming wells 

are too low to apply efficiently on surface irrigated croplands. Pressurized irrigation systems are highly 

advantageous over surface irrigation application systems while using these small discharges. These 

systems are handy in applying exact needed amount of water to the plants. The adoption of such systems 

also helps in providing technical assistance in managing root zone salinity under the agricultural lands 

with commonly grown crops, vegetables and orchards, as water can easily be measured before it enters 

the pressurized irrigation application system. 
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However, by introducing adequate interventions in design parameters and operational management 

strategies of skimming wells, higher discharges are also feasible. These higher discharges may induce 

minimum mixing of the saline groundwater layer either within the well or within the aquifer with the 

overlying relatively-fresh groundwater lenses. Therefore, the quality of this skimmed groundwater is 

expected to change with time while responding to recharge and discharge mechanisms. But, proper 

guidelines regarding the design parameters and operational management strategies of skimming wells 

can help in pumping a required quantity of groundwater of the desired quality. Where such systems exist, 

even surface irrigation can be practiced, or at least by using innovative irrigation application systems. 

The soil moisture in the root zone is either utilized by the crops and/or evaporates from the soil surface, 

while leaving the salts behind. Resultantly, the salinity in the root zone is expected to increase with the 

application of such skimmed groundwater for irrigation purposes. Therefore, the use of skimmed 

groundwater will require unique but practical ways and means for irrigation applications so that the root 

zone salinity is managed at different crop growth stages throughout the cropping season within the 

acceptable limits for good crop productivity. In this context, a set of guidelines for irrigation scheduling 

aimed at managing salinity in the root zone can provide such tools for irrigation applications. 

Irrigation scheduling is a procedure used to determine the time and depth of water application for each 

irrigation event. The time of water application is normally based on the depletion of stored soil water, 

whereas the depth of water application is usually equal to the value of soil water depletion, water 

application efficiency plus some additional water for leaching fraction, if required. Therefore, for irrigation 

scheduling with skimmed groundwater, knowledge of water and salt balances in the root zone is of crucial 

importance, as getting the salt balance right in the root zone is essential to both the short-term and long-

term viability of an agricultural area. Thus, by knowing the salinity of the pumped water and the salt 

tolerance levels at different stages of the crop growth; the soil salinity and soil moisture in the root zone 

with depth; the evapotranspiration rates during various crop growth stages; and the groundwater capillary 

contributions in case of shallow watertables, the farmer can be given the guidelines for irrigation 

scheduling skimmed groundwater. 

Basis for irrigation scheduling with skimmed groundwater 

Guidelines for developing irrigation scheduling with skimmed groundwater could be defined as tools and 

yardsticks that play pivotal role in decision making regarding timing and amount of irrigation water 

applications aimed at managing root zone salinity and productivity of land and water. Such guidelines for 

irrigation scheduling could list the hours of pumping for each irrigation event that would satisfy crop water 

requirement, including an appropriate allowance for leaching in order to maintain the root zone salinity at 

acceptable levels for good crop productivity. 

However, for developing and implementing guidelines for irrigation scheduling with skimmed 

groundwater, there is a need to develop linkages between the net soil moisture depletion and the 
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threshold levels of the root zone salinity at different stages of the crop growth under different soil moisture 

depletion levels. Therefore, literature review is conducted before developing a preliminary framework for 

irrigation scheduling with skimmed groundwater under irrigated agricultural areas in semi-arid zones with 

(monsoon and winter) rainfalls and watertables having root zone within or beyond the capillary reach
7
. 

The building blocks of the framework that defines such linkages are identified as under: 

 Irrigation with saline water; 

 Salt tolerance of crops; 

 Crop evapotranspiration under stress conditions; 

 Groundwater capillary contribution; 

 Management practices for root zone salinity control; and 

 Monitoring and evaluation of management practices. 

Irrigation with saline water 

The aspect deals with the following information: 

1. Quality of irrigation water; 

2. Number of irrigations; 

3. Soil texture; 

4. Leaching fraction; and 

5. Rainfall. 

Salt tolerance of crops 

Plants differ widely in the their ability to grow and develop under saline and/or sodic conditions. The 

following parameters describes the impacts of soil and water salinity and/or sodicity on crop yield: 

1. Soil salinity; 

2. Soil sodicity; and 

3. Quality of irrigation water. 

Crop evapotranspiration under stress conditions 

The estimation of crop evapotranspiration plays pivotal role in developing guidelines for irrigation 

scheduling with skimmed groundwater. The following stress conditions limit crop evapotranspiration and 

reduce root water uptake: 

                                                      
7
 If watertable having root zone within the capillary reach, then it is considered ―shallow‖. On the other hand, the watertable is ―deep‖ 

when the root zone is beyond the capillary reach. 
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1. Soil water stress condition; and 

2. Combined soil water and salinity stress condition. 

Groundwater capillary contribution 

In determining net soil moisture depletion, knowledge about the groundwater capillary contribution is also 

needed. However, the estimates of such contribution will depend on the following factors: 

1. Soil texture; 

2. Quality of groundwater; and 

3. Root zone salinity resulting from capillary rise. 

Management practices for root zone salinity control 

The above stated knowledge, tools, and yardsticks are used in managing land, water, and crops to 

control salinity. However, for root zone salinity management, the following practices also become part of 

guidelines: 

1. Irrigation management practices; 

2. Rainfall management practices; and 

3. Shallow watertable management practices. 

Monitoring and evaluation of management practices 

The estimation of water and salt balances are used to monitor and evaluate different management 

practices. The role of successful management for salinity control in the root zone should be to maintain 

the fluctuations in the water and salt balances within limits that neither allows excess drainage, nor 

reduces the crop growth. 

LITERATURE REVIEW 

In irrigated agricultural areas, particularly when relatively-fresh water is applied for irrigation, the salts 

continue to build up in root zone provided salts are not removed in equivalent amounts as are applied 

with irrigation water. When irrigated agricultural areas in semi-arid zones with rainfalls and watertables 

are irrigated with relatively-fresh water, the root zone salinity cycle can be divided into the following three 

periods: 

 Salt builds up period: The root zone salinity builds up with each irrigation event. 

 Salt redistribution period: The soil salinity redistributed in the root zone with winter rainfalls. The 

evaporation of the shallow watertable also redistributes the salinity in the root zone. 
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 Salt leaching period: During the monsoon, when in most places rainfall is in excess over the 

potential evapotranspiration, leaching occurs which moved the salts below the root zone. The 

rouni also provides leaching effect. 

All these periods need different practices to manage root zone salinity. 

Irrigation with saline water 

The main factors, which control the extent to which salinity may develop in the root zone while irrigating 

with saline water under deep watertable conditions, include: (i) quality of irrigation water, (ii) number of 

irrigations, (iii) soil texture, (iv) leaching fraction, and (v) rainfall. The regression relationships between 

these factors and the salinity in the root zone, as mentioned by Gupta and Gupta (1997), are described 

hereafter. However, all the regression relationships of these factors with the salinity in the root zone are 

site-specific and crop-specific under the given management practices. 

Quality of irrigation water 

The salinity of the irrigation water (ECi) and the electrical conductivity of the saturation extract of the soil
8
 

(ECe) are related to each other. A regression relationship, which relates both the ECe and ECi, could be 

expressed as given below: 

ie ECbaEC
  (1) 

Where, a and b are regression coefficients. Gupta and Gupta (1997) stated that the regression 

coefficients of Equation (1) for different sites show large variations (Table 1). These variations were 

attributed to variations in the management conditions as well as to variations in number of irrigations, soil 

texture, and rainfall. 

Table 1. Effect of quality of irrigation water on the salts accumulated in the root zone (Gupta and 
Gupta, 1997). 

Sites Sites categories Regression coefficients 

a b 

Agra Experimental sites 1.59 1.02 

Jobner Farmers‘ fields 3.87 0.48 

Pali Farmers‘ fields 0.84 0.44 

Number of irrigations 

The soil salinity in the root zone achieved at the end of ―salt builds up period‖ is related with the number 

of irrigations. A regression equation that takes into account the quality of irrigation water and the number 

of irrigations under field conditions, could be expressed as given below: 

                                                      
8
 Soil salinity is normally measured and expressed on the basis of the electrical conductivity of the saturation extract of the soil, as 

salt concentration in the soil changes with the change in soil moisture. 
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N cEC baEC ie   (2) 

Where, a, b and c are the regression coefficients and N is the number if irrigation. For medium texture soil 

and where number of irrigations is not more than 6, Gupta (1990) determined the values of the regression 

coefficients a, b, and c (in Equation 2) as –2.26, 0.90, and 1.24, respectively. However, similar type of 

regression relationships may be worked out for a particular soil and climatic region. 

Soil texture 

The rate of root zone salinity build up is faster in heavy (i.e., fine loam, clay loam, and silty clay loam) than 

light (i.e., sandy to loamy sand) textured soils. A regression relationship, which relates both the ECe and 

ECi under different soil textural classes, could be expressed similar to Equation (1). 

Gupta and Gupta (1997) stated that the regression coefficient, b, varies from 0.36 for sandy to loamy 

sand soils but is 0.69 for fine loam, clay loam, and silty clay loam soils under the similar situations. The 

value of regression coefficient, a, may not vary much for heavy and light textured soils (i.e., from 2 to 2.2). 

Leaching fraction 

Leaching fraction, LF, is defined as the fraction of the irrigation water and/or rainfall that leaves the root 

zone (Singh, 1993; Somani and Totawar, 1993; and Tanji, 1995): 

d

i

pir

d

EC

EC

DD

D
LF   (3) 

Where, Dd is the deep percolation (mm), Dp is the rainfall (mm), Dir is the depth of irrigation water to be 

applied (mm), and ECd is the salinity of the water draining from the root zone as deep percolation. 

However, Gupta and Gupta (1997) stated that the LF could also be easily known from the water 

application efficiency provided the water distribution efficiency is reasonably high. A relationship, which 

relates both the ECe and ECi under different leaching fractions with the water application efficiency, was 

presented as: 

ie EC KEC   (4) 

The values of K are 2.0, 1.0, and 0.5 for low, medium and high leaching fraction, respectively. The 

qualitative terms low, medium and high leaching fractions are for 0.1, 0.3, and 0.5, respectively. It also 

means high (90%), medium (70%), and low (50%) water application efficiencies. For instance, an 

application efficiency of 70% means that the LF is around 0.30. 

However, for the same amount of water applied, the leaching fractions will be more in light textured soils 

than in heavy textured soils. Therefore, the value of K could also be higher for the lower leaching 

fractions. 
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Rainfall 

High rainfall leaches the salts accumulated in the root zone and reduces the number of irrigations. A 

regression relationship, which relates both the ECe and ECi under different intensities of rainfalls, could be 

expressed similar to Equation (1). 

Gupta and Gupta (1997) found that with an additional 10 cm of rainfall under the wheat and mustard 

fields, the regression coefficient, b, is reduced by about 0.6 units for both the crops, which indicates the 

leaching of salts from the root zone after heavy rainfall (Table 2). The number of irrigations for wheat crop 

having low and high rainfall is 4 and 3, respectively, which means that high rainfall also reduces the 

number of irrigations. 

Table 2. Effect of rainfall on the salts accumulated in the root zone and on the number of irrigation 
(Gupta and Gupta, 1997). 

Crop Rainfall (mm) Number of irrigation Regression coefficients 

a b 

Wheat 

Wheat 

17.1 

113.9 

4 

3 

2.44 

1.76 

1.29 

0.69 

Mustard 

Mustard 

18.2 

113.9 

3 

3 

2.76 

1.80 

1.11 

0.50 

Salt tolerance of crops 

Different crops have different salt tolerance. Plants differ widely in the their ability to grow and develop 

under saline and/or sodic conditions. 

Soil salinity 

In reviewing articles on impacts of salinity in the root zone on crop yield by Maas and Hoffman (1977) and 

Mass (1990), it is concluded that under optimum management conditions, the crop yields remain at 

potential levels until ECe reached at threshold level, i.e., ECe threshold: 

100Yr   thresholdee ECEC0  (5) 

where Yr is the percentage of the yield of the crop grown under saline conditions relative to that obtained 

under non-saline, but otherwise comparable, conditions. 

It means that ECe threshold is the average root zone salinity at which yield starts to decline. If the average 

ECe of the root zone increases above this critical threshold value, the yield decreases linearly in 

proportion to the increase in salinity. The rate of decrease in yield with the increase in salinity is usually 

expressed as a slope, b, having units of % reduction in yield per unit increase in ECe beyond ECe threshold. 

The salt tolerance of common agricultural crops is generally expressed as follows (after Maas and 

Hoffman, 1977; and Mass, 1990): 
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 thresholdeer ECECb100Y  zeroe thresholde ECECEC  (6) 

0Yr  zeroe ECEC  (7) 

Where ECzero is the EC at or beyond which crop fails to give any yield. Table 3 lists the ECe threshold and 

slope b for common agricultural crops (adopted from Ayers and Westcot, 1985; and Rhoades, et al., 

1992). 

It is interesting to note that the values of ECe threshold and slope b parameters mentioned in Table 3 were 

determined primarily in research experiments where soil moisture at the 0.3 to 0.6 m depths (depending 

upon the crop) were maintained at levels close to field capacity
9
. Therefore, Table 3 does not help in 

predicting an accurate estimate of the expected yield, as the crop yield depends not only upon level of 

salinity but also upon many other cultural and environmental factors. Thus, the interaction between ECe 

and soil, water, crop and climatic factors could modify the ability of the plant to tolerate salinity. 

However, for the same average root zone salinity, crop production at or near to threshold levels could be 

possible, if the effective root zone is somehow kept relatively salt free, as the crops adjust for their water 

requirement and draw more water from the salt free zone. And, the average root zone salinity can be 

managed at a pre-determined level within a wide range by controlling the LF. Mathematically (after Gupta 

and Gupta, 1997): 

i

 thresholde

S

EC
1LF   (8) 

Where, Si is the salt initially present in the root zone. Table 4 provides crop tolerance to soil salinity for 

working out leaching fraction at some selected stations in India (adopted after Gupta and Gupta, 1997). 

The yield of crops would be affected over time when salinity build-up in the total root zone proceeds 

upward. When some yield reduction is permissible, then ECe threshold in Equation (8) could be replaced by 

the salinity at which the desired yield reduction (ECe yield reduction) would occur.  

Table 3. Salt tolerance of common agricultural crops (Ayers and Westcot, 1985; Rhoades, et al., 1992). 

Crop ECe threshold (dS.m-1) b (% / dS.m-1) 

Vegetables 

                                                      
9
 The field capacity was considered at about –3 m potential (-30 kPa). 
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Onion 

Radishes 

Spinach 

Cauliflower 

Potato 

Carrots 

Turnip 

Tomato 

Peas 

1.2 

1.2-2.0 

2.0-3.2 

1.8 

1.7 

1.0 

0.9 

0.9-2.5 

1.5 

16.0 

7.6-13.0 

7.7-16.0 

6.2 

12.0 

14.0 

9.0 

9.0 

14.0 

Cereals 

Barley 

Maize 

Sorghum 

Wheat 

8.0 

1.7 

6.8 

8.6 

5.0 

12.0 

16.0 

3.0 

Fodder 

Alfalfa 2.0 7.3 

Sugarcane 1.7 5.9 

Citrus 

Grapefruit 

Orange 

1.8 

1.7 

16.0 

16.0 

The ECe yield reduction can be calculated by the by the data reported in Table 4 utilizing the following 

relationship (after Gupta and Gupta, 1997): 

 thresholde

reduction yield e
EC

b

EC
LF   (9) 

It is known that outcome of the entire cropping season depends upon the initial crop stand. Therefore, 

most favorable conditions should be created during the germination and initial establishment stages. In 

case the salt tolerance of the crop at the germination stage is different than the average values given in 

Table 4, it is proper to use the threshold salinity levels at the germination stage. 

Soil sodicity 

Similar to soil salinity, some plants are more tolerant to soil sodicity than others. Excess exchangeable 

sodium percentage, high pH, lack of calcium, and the resulting poor physical properties are the main 

causes for reduction in yields due to soil sodicity (Gupta, et al., 1995). The critical exchangeable sodium 

percentage (ESP) values for 10, 25, and 50 percent yield reduction for some crops are presented in Table 

5 (adopted from Mehrotra and Gangwar, 1964). 

However, Gupta (1990) pointed out that these critical tolerance limits of ESP should be used on tentative 

basis because of the following reasons: 
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 Mehrotra and Gangwar (1964) did not maintained the complete control on soluble calcium. 

Tolerance of some crops, which were grown in later years after reclamation presumably with 

more calcium in the soil solution, may be under estimated; and 

 ESP in the top 15cm soil profile was used as the criterion for tolerance. However, the effective 

depth of root zone in some crops may be different. 

Table 4. Crop tolerance to soil salinity for working out leaching fraction at some research sites in India 
(adopted after Gupta and Gupta, 1997). 

Sites Soil type Crop ECe threshold (dS.m-1) b (% / dS.m-1) 

Sampla Sandy loam Wheat 

Barley 

4.0 

7.0 

29.0 

19.0 

Karnal Sandy loam Sorghum 2.2 10.6 

Agra Sandy loam Potato 

Tomato 

Wheat 

Alfalfa 

4.4 

1.3 

8.2 

3.5 

16.1 

6.5 

19.8 

12.5 

Dharwar Black clay Wheat 2.3 20.5 

Indore Black clay Maize 

Alfalfa 

0.50 

2.0 

7.9 

11.22 

Table 5. Critical limits of soil ESP at three yield reduction levels of 10, 25 and 50 percent for different 
crops (Mehrotra and Gangwar, 1964)). 

Crop Critical limits of soil ESP for different yield reduction levels 

Threshold Slope 10% 25% 50% 

Onion 9.8 2.2 14.3 22.5 32.3 

Barley 8.5 3.5 29.5 42.0 52.2 

Garlic 9.5 1.8 15.0 23.0 35.5 

Peas 7.7 4.1 9.8 12.5 18.5 

Wheat 16.4 2.1 22.5 33.3 46.0 

Quality of irrigation water 

Generally, where high sodium adsorption ratio (SAR) in irrigation water is accompanied with high EC, it is 

primarily the effect of salinity, which governs the plant growth. But where salinity is low and SAR and/or 

residual sodium carbonate (RSC) is high in irrigation water, plant growth is likely to be regulated more by 

the sodicity problem
10

 (Gupta, 1990). Table 6 lists the salinity limits of irrigation waters at three yield 

reduction levels of 10, 25 and 50 percent for crops irrigated under natural field conditions on different 

types of soils at different places widely differing in agro-climatic conditions in India (adopted after Gupta 

                                                      
10

 Such information will be more valuable under the Indus Basin of Pakistan conditions where 70% of tubewells pump sodic water, 
and the application of this pumped sodic water has already resulted in high degree of sodicity in the irrigated agricultural soils 
(Qureshi and Barrett-Lennard, 1998). 
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and Yadav, 1986). The critical limits, as mentioned in Table 6, are obviously for ECi but these will closely 

identify with ECe when LF is close to 0.30 to 0.35 (Gupta, 1990). Therefore, these critical limits may 

decrease for lower leaching fractions and increase for higher leaching fractions. 

Table 6. Critical limits of salinity of irrigation water for at three yield reduction levels of 10, 25 and 50 
percent (Gupta and Yadev, 1986). 

Crop Soil texture Location Critical limits of ECi for different yield reduction levels 

10% 25% 50% 

Onion Sand 

Sandy loam 

Bapatla 

Agra 

2.5 

1.7 

5.4 

2.8 

10.2 

5.1 

Barley Sandy loam Agra 7.6 16.2  

Maize Sandy loam 

Black clay 

Agra 

Indore 

2.7 

1.2 

5.5 

3.1 

10.3 

9.5 

Sorghum Sandy loam 

Black clay 

Agra 

Dharwad 

8.3 

2.4 

12.8 

6.5 

17.8 

13.4 

Wheat Sand (dune) 

Sandy loam 

Sandy loam 

Sandy loam 

Loamy sand 

Black clay 

Black clay 

Karnal 

Agra 

Karnal 

Hissar 

Jodhpur 

Dharwad 

Indore 

12.5 

9.0 

8.5 

7.4 

7.3 

2.7 

3.8 

16.0 

12.9 

11.0 

10.2 

10.3 

7.4 

8.8 

 

17.6 

14.2 

13.1 

13.6 

18.0 

 

Generally, when sprinkler uses saline water to grow the established crop, salt deposits on leaves may 

adversely affect some crops (Maas, 1985). Deciduous fruit trees are especially susceptible (Hoffman et 

al., 1980). Table 7 describes the relative susceptibility of crops to leaf injury from saline water applied with 

sprinkler irrigation application system during the daytime irrigation (after Maas, 1990; and Rhoades et al., 

1992). Susceptibility of plants to leaf injury from saline sprinkled water depends on leaf characteristics 

affecting rate of absorption and is not generally correlated with tolerance to soil salinity. The degree of 

spray injury varies with weather conditions, especially the water deficit of the atmosphere. Visible 

symptoms may appear suddenly following irrigations when the weather is hot and dry. Increased 

frequency of sprinkling, in addition to increased temperature and evaporation, leads to increase the salt 

concentration in the leaves due to adsorption, and results in leaf damage. However, irrigation at night (or 

any other low evaporation period) minimizes the salt concentration in the leaves due to adsorption (Kruse, 

1995). 

Table 7. Relative susceptibility of crops to leaf injury from saline sprinkled water (after Mass 1990; and 
Rhoades et al., 1992). 

Na or Cl concentration of irrigation water causing leaf injury (dS.m-1) 

< 0.5 0.5 – 1.0 1.0 – 2.0 

Citrus Potato Alfalfa 
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Tomato Barley 

Maize 

Sorghum 

Crop evapotranspiration under stress conditions 

The estimation of crop evapotranspiration plays pivotal role in developing guidelines for irrigation 

scheduling with skimmed groundwater. Both, the soil water and salinity stresses may reduce root water 

uptake and limit crop evapotranspiration. 

Soil water stress condition 

After irrigation and/or heavy rainfall, the soil drains from saturated soil moisture storage ( S) till the field 

capacity is reached. The soil moisture in the root zone decreases from the soil moisture storage at field 

capacity ( FC) as a result of evapotranspiration. The total soil moisture storage (TSMS) can be defined as 

the difference in soil moisture storage at the field capacity and wilting point. However, the TSMS is not 

available to fulfill the crop evaporative demand (CED). The proportion of TSMS that a crop can extract 

from the root zone without reduction in the actual evapotranspiration (AET) is the available soil moisture 

storage (ASMS). At ASMS, the soil moisture has a high potential, is relatively free to move and is easily 

taken up by the plant roots. 

As the ASMS decreases, the potential level also decreases, and the soil moisture becomes more strongly 

bound by capillary and adsorption forces to the soil matrix, and is more difficult to extract. When the 

ASMS drops below the threshold level, the soil moisture can no longer be transported quickly enough 

towards the roots to respond to the CED and the crop begins to experience ―water stress‖. Actually, the 

remaining soil moisture is held to the soil particles with greater force, lowering its potential level and 

making it more difficult for the plant to extract it. Eventually, the potential level reaches a point where the 

crop can no longer extract the remaining soil moisture. This point is known as wilting point. Therefore, the 

plants wilt permanently when wilting point is reached. 

Therefore, the TSMS is the difference between the soil moisture at field capacity and wilting point, and 

the ASMS is the difference between the soil moisture at field capacity and threshold level (Allen et al., 

1998): 

rWPFC Z TSMS   (10) 

TSMS pZ ASMS rTHFC   (11) 

where, TSMS is the total soil moisture storage in the root zone (mm), FC is the soil moisture at field 

capacity (m
3
.m

-3
), WP is the soil moisture at wilting point (m

3
.m

-3
), TH is the soil moisture at threshold 

level (m
3
.m

-3
), Zr is the (effective or total as the case may be) depth of root zone (mm), and p is the 

average fraction of TSMS that can be depleted from the root zone before reduction in AET occurs.  
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The magnitude of TSMS depends on the soil type and the depth of the root zone. Typical ranges for field 

capacity and wilting point are given in Table 8 for various soil types (Allen et al., 1998).  

Table 8. Typical soil moisture characteristics for different soil types (Allen et al., 1998). 

Soil Type (USDA soil texture classification) FC (m
3
.m

-3
) WP (m

3
.m

-3
) 

Sand 

Loamy sand 

Sandy loam 

Loam 

Silt loam 

Silt 

Silt clay loam 

Silty clay 

Clay 

0.07 

0.11 

0.18 

0.20 

0.22 

0.28 

0.30 

0.30 

0.32 

0.05 

0.03 

0.06 

0.07 

0.09 

0.12 

0.17 

0.17 

0.20 

Ranges of the maximum depth of root zone for various crops are listed in Table 9 (Allen et al., 1998). The 

values for p are also listed in Table 9 (Allen et al., 1998). The fraction p is a function of the crop 

evaporative demand (CED). A numerical approximation for adjusting p at different CED is given as under 

(Allen et al., 1998): 

CED-5 0.049) Table (from pp
  (12) 

where, the adjusted p is limited to 0.1  p  0.8, and CED is in mm.day
-1

. The value of p is also a function 

of the soil type. Generally, it can be stated that the p values listed in Table 9 can be reduced by 5-10% for 

clay, while for sand, they can be increased by 5-10% (Allen et al., 1998). 

Soil moisture content in the root zone can also be expressed by root zone depletion, Dr, i.e., reduction in 

soil moisture relative to field capacity (Figure 2). At field capacity, Dr is zero. When soil moisture is 

extracted by evapotranspiration, the Dr increases and stress will be induced when Dr becomes equal to 

ASMS. After the root zone depletion exceeds ASMS, the root zone depletion is high enough to limit 

evapotranspiration to less than potential values and the crop evapotranspiration begins to decrease in 

proportion to the amount of soil moisture remaining in the root zone. 

Table 9. Ranges of the maximum depth of root zone
11

 for various crops (Allen et al., 1998). 

Crop Maximum depth of root zone (m) P (for EED  5 mm.day-1) 

Vegetables 

                                                      
11

 The larger values are for soils having no significant layering or other characteristics that can restrict rooting depth. 
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Onion 

Radishes 

Spinach 

Cauliflower 

Potato 

Carrots 

Turnip 

Tomato 

Peas 

0.3-0.6 

0.3-0.5 

0.3-0.5 

0.4-0.7 

0.4-0.6 

0.5-1.0 

0.5-1.0 

0.7-1.5 

0.6-1.0 

0.30 

0.30 

0.20 

0.45 

0.35 

0.35 

0.50 

0.40 

0.35 

Cereals 

Barley 

Maize 

Sorghum 

Wheat 

1.0-1.5 

1.0-1.7 

1.0-2.0 

1.0-1.5 

0.55 

0.55 

0.55 

0.55 

Fodder 

Alfalfa 1.0-2.0 0.55 

Sugarcane 1.2-2.0 0.65 

Citrus 

At 20% canopy 

At 50% canopy 

At 70% canopy 

0.8-1.1 

1.1-1.5 

1.2-1.5 

0.50 

0.50 

0.50 

Therefore, for Dr > ASMS, the transpiration reduction factor, Ks, is given as (Allen et al., 1998): 

TSMS p1

DTSMS

ASMSTSMS

DTSMS
K rr

s  (13) 

where, Ks is a dimensionless transpiration reduction factor (0-1), Dr is root zone depletion (mm), TSMS is 

the total soil moisture storage in the root zone (mm), and p is the average fraction of TSMS that can be 

depleted from the root zone before reduction in AET occurs. 

The estimation of Ks requires a daily water balance computation for the root zone. For soil moisture 

limiting conditions, Ks < 1. Where there is no soil moisture stress, Ks = 1. However, Ks describes the effect 

of water stress on crop transpiration rather than evaporation from soil surface. But, in situations where 

evaporation from soil surface is not a large component of AET, the following equation provides 

reasonable results (Allen et al., 1998): 

CEDKKAET cs   (14) 

where, Kc is the basal crop coefficient. 
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Figure 2. Representation of soil moisture components in the root zone. 

Combined soil water and salinity stress condition 

Soil salinity can reduce AET by reducing root water uptake. The presence of salts in the soil increase 

osmotic potential and hence additional force is required for the crop to extract water from the soil. 

Allen et al., (1998) presented an approximate function that predicts the reduction in AET caused by the 

stresses induced by soil salinity and soil water. The function was derived by combining crop yield-AET 

equation from Doorenbos and Kassam (1979) with crop yield-salinity equation from Ayers and Westcot, 

(1985). 

The resulting equation provides an approximation of the reduction in AET expected under various soil 

water and salinity stress conditions: 

 When Dr < ASMS and ECe > ECe threshold 

 thresholdee

y

s ECEC
100K

b
1K   (15) 

Where, Ky is a dimensionless yield response factor that describes the reduction in relative crop yield 

according to the reduction in AET caused by soil moisture stress, ECe represents the average salinity in 

the root zone (dS.m
-1

), ECe threshold is the threshold electrical conductivity of the saturation soil water 

extract where crop yields remain at potential levels (dS.m
-1

), and b is the slope having units of % 

Irrigation 

Rainfall Evapotranspiration 

Deep percolation 
Groundwater capillary contribution 

S 

WP 

ASMS 

FC 

TH 

Dr TSMS 
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reduction in yield per unit increase in ECe beyond ECe threshold. The Ky values are crop-specific and may 

vary over the growing season. Table 10 provides values of Ky for common agricultural crops (adopted 

from Doorenbos and Kassam, 1979). However, the seasonal value for Ky is generally used to predict the 

reduction in AET, and Table 10 also gives the seasonal values of Ky for common agricultural crops. 

Table 10. Yield response functions for common agricultural crops (Doorenbos and Kassam, 1979). 

 Ky (-) 

Crops Vegetative 
period 

Flowering 
period 

Yield 
formation 
period 

Ripening 
period 

Seasonal 
value 

Vegetables 

Onion 

Potato 

Tomato 

Peas 

0.45 

0.45 

0.40 

0.20 

 

 

1.10 

0.90 

0.80 

0.70 

0.80 

0.70 

0.30 

0.20 

0.40 

0.20 

1.1 

1.1 

1.05 

1.15 

Cereals 

Maize 

Sorghum 

Wheat 

0.40 

0.20 

0.20 

1.50 

0.55 

0.60 

0.50 

0.45 

0.50 

0.20 

0.20 

 

1.25 

0.9 

1.15 

Fodder 

Alfalfa 0.7-1.1    1.1 

Sugarcane 0.75  0.50 0.10 1.2 

Citrus     1.1-1.3 

For many crops, the seasonal Ky is nearly 1. Therefore, for crops where Ky is unknown, its value may be 

considered equal to 1 (or equal to the Ky for a crop that has similar behaviour). The values of b for 

common agricultural crops are already mentioned in Table 3 and 4. It is clear from both of these tables 

that the values of b are site-specific, and therefore requires local calibration. 

 When Dr > ASMS and ECe > ECe threshold 

TSMS p1

DTSMS
ECEC

100K

b
1K r

 thresholdee

y

s
 (16) 

Where, ECe represents the average salinity in the root zone. 

Limitations in using Equation (15) and (16) are listed as under: 

 It is assumed that ―p‖ do not change with increasing salinity. This may or may not be a good 

assumption for some crops. 

 Generally, the seasonal value for Ky is used to predict the reduction in AET, but the impact of 

salinity on plant growth, crop yield, and AET is a time-integrated process. 
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 Both of these equations are suggested as only approximate estimates of salinity impacts on AET, 

and represent general effects of salinity on AET as occurring over an extended period of time 

(weeks, months, seasons or years). These equations are not expected to be accurate for 

predicting AET for specific days. 

 These equations may not be valid at high salinity, where the linear relationships between ECe, 

crop yield and Ks may not hold. 

 However, the use of these equations is generally considered valid when ECe < ECe threshold +50/b. 

Groundwater capillary contribution 

In determining net soil moisture depletion, knowledge about the groundwater capillary contribution is 

needed. Due to capillary rise, groundwater evaporates at the land surface and/or utilized by the plants, 

leaving most of the salts behind in the root zone. The assessment of maximum groundwater capillary 

contribution can help to control the extent to which salinity may develop in the root zone. The main factor 

that affects the maximum groundwater capillary contribution is the depth to watertable. Other factors 

include: (i) the soil texture, (ii) the quality of groundwater, and (iii) the root zone salinity resulting from 

capillary rise (after Gupta and Gupta, 1997). 

Soil texture and depth to watertable 

Skaggs (1980) stated that the depth to watertable from 1.0m to 1.5m provided the maximum contribution 

from groundwater for a wide range of soil types. The shallower depth to watertable applies to sandy soils. 

Generally, the rate of maximum groundwater capillary flux decreases more steeply in a coarse than a fine 

textured soil with the increase in depth to watertable (Hoffman, 1995). Gupta and Gupta (1997) have 

given the following relationship to estimate the effect of soil texture on the maximum groundwater 

capillary flux that reaches the soil surface, qmax (mm.day
-1

): 

nmax
d

Aa
q   (17) 

where, d is the depth to watertable (mm), a (mm
n+1

.day
-1

) and n (-) are coefficients, and A is also a 

coefficient which depends on n. Some typical values of these coefficients for different soil textural classes 

are presented in Table 11 (adopted after Gupta and Gupta, 1997). With maximum contribution from the 

shallow groundwater, the salt tolerance of the crop and the availability of shallow groundwater limit total 

water use. In the cropped areas under shallow watertable conditions, the zone of salt build up in the root 

zone depends mainly upon the fraction of groundwater that reaches the soil surface. The rate of 

groundwater capillary flux that reaches the soil surface decreases with the increase in depth to 

watertable. Therefore, for maintaining favorable water and salt balance in the root zone, understanding 

and knowledge of the maximum groundwater capillary flux is most important. 



 109 

Table 11. Effect of soil texture on the maximum groundwater capillary flux that reaches the soil surface 
(Gupta and Gupta, 1997). 

Soil texture d (cm) n (-) a (cmn+1.day-1) A (-) qmax (cm.day-1) 

Sand 

Fine sandy loam 

Loam 

Clay 

100 

100 

100 

100 

4 

3 

2 

2 

1.7 x 108 

3.2 x 105 

1.7 x 103 

1.1 x 103 

1.52 

1.76 

2.46 

2.46 

2.58 

0.56 

0.42 

0.27 

Quality of groundwater and depth to watertable 

Salinity in the root zone increases with decreasing depth to watertable. However, the salinity in the root 

zone increases with increasing salinity of the groundwater at the same depth to watertable. 

Gupta and Gupta (1997) reported that the effect of groundwater quality on the salinity in the root zone 

was more pronounced at shallower than at deeper depths to watertables. When the depth to watertable is 

at or above 1.2m, the concentration of salts at the soil surface is significantly related to the quality of the 

groundwater. 

Root zone salinity resulting from capillary rise 

For the same amount of water applied through irrigation or drawn from the shallow watertable to meet the 

crop water requirement, the distribution of salts in the root zone in both the cases would be entirely 

different (Asghar, 1996). In case of water applied through irrigation, the salinity in the root zone increases 

with the increase in depth as the salts move downward resulting from leaching. Whereas, in case of water 

drawn from the shallow watertable, the salinity at or near the soil surface increases resulting from the 

upward movement of the salts from the groundwater due to capillary rise, and there is no leaching in this 

case. 

Generally, the density of crop roots decreases with the depth, and the most active crop roots are 

concentrated in the top of the root zone (Salam and Wahid, 1993). Therefore, as a result of salt 

distribution patterns under irrigation and shallow watertable conditions, crops suffer more in the latter 

case than in the former case, even if the average salinity in the root zone is the same (Gupta and Gupta, 

1997). 

Management practices for root zone salinity control 

Irrigation management practices 

A summary of the factors affecting the selection of irrigation application systems for irrigating with saline 

water is presented in Table 12 (adopted from Kruse, 1995). However, management of different irrigation 

application systems also depends on the crops‘ characteristics, planting practices, and tillage practices. 

Timing of irrigation is another important factor when the management of different irrigation application 

systems includes salinity considerations too (Kruse, 1995). 
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Crops’ characteristics: All crops do not tolerate salinity equally well at different growth stages. 

Therefore, management of different irrigation application systems often depends on the crops‘ 

characteristics. Sprinkler can apply small depths of water uniformly, keeping the seed bed adequately 

moist and salt-free. Therefore, sprinklers are sometimes used to geminate and establish salt-sensitive 

crops and surface irrigation is then used to grow the established crop (Robinson and Mayberry, 1976). 

Planting practices: For the drip/trickle irrigation application systems, if emitters are located near 

individual plants of perennial crops, salts tend to move away from the roots and concentrate in 

intermediate soil areas (Kruse, 1995). To avoid problems with germination or salt stress on seedlings of 

annual crops, it is important to plant precisely where previous drip/trickle irrigation application systems 

has left low concentrations of salt. Planting seeds of furrow-irrigated crops on the sides of beds may keep 

seedlings out of the most saline soil zone (Gupta and Gupta, 1997). 

Table 12. Factors affecting selection of irrigation application systems for irrigating with saline water 
(adopted from Kruse, 1995). 

Systems Crops Salt distribution pattern Leaching effectiveness 

Surface Most crops Leaves salt in the root zone Leaching requires more water than 
for methods with intermittent 
applications. 

Furrow Row crops High in beds between furrows Similar to above. 

Corrugation Close-
growing 
crops 

High in areas between 
corrugations unless entire field 
is inundated. 

Similar to above 

Sprinkler Most crops No salt concentrations in the 
root zone, if system designed 
and managed well 

Uniform leaching, and can be used 
to leach salt accumulation left by 
other irrigation methods. 

Drip/Trickle High value 
crops 

Salts concentrates at outer 
fringes of the soil profile 
wetted by each emitter. 

Soil profile wetted by each emitter is 
well leached. 

Tillage practices: Deep surface cultivation can redistribute salt in the soil profile. The practice should be 

evaluated on a small land area before cultivating the entire fields (Singh, 1993; and Gupta and Gupta, 

1997). Minimum tillage practices allow furrow formed for one crop to remain undisturbed for the next. 

However, organic residue left on the soil surface by minimum tillage practices may present a problem for 

furrow irrigation (Tanji, 1995). 

Timing of irrigation: The timing of irrigation needs special consideration while using saline water for 

irrigation, as soil water stress may occur more quickly and, add to the soil salinity stress, cause immediate 

crop damage. Proper timing of irrigation can help to avoid low levels of soil moisture that cause salts in 

the soil solution to become highly concentrated. Frequent irrigation reduces soil water stress and soil 

salinity stress caused by the saline irrigation water. Frequent irrigation also keeps the salts moving 

through and away from the root zone. If irrigation is applied frequently, each irrigation must be light. 

Shainberg and Shalhevet (1984) reviewed the effect of the frequency of saline water application on yield, 
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and concluded that higher frequencies result in higher yield. Irrigation intervals of several days to allow for 

internal drainage are unnecessary because large soil volumes are not saturated. Light irrigation can 

seldom be applied as uniformly with surface irrigation application systems as with the sprinkler, drip/trickle 

irrigation application systems. Drip and trickle irrigation application systems help in maintaining suitable 

matric potential in the root zones of plants, even with saline water application (Kruse, 1995). If drip/trickle 

irrigation application systems cause high salt concentrations to accumulate near the soil surface, 

unexpected rainfall can move the salt down into the root zone. Irrigation should be scheduled during or 

after rainfall to leach the salts before they damage the crop (Somani, 1993). 

Use of different quality waters: In many situations, the canal water supplies are either not assured or in 

short supply such that farmers are often forced to pump groundwater of varying quality for crop 

production. This calls for using the limited quantities of non-saline (canal) waters most judiciously in 

combination with poor quality waters. For the combined use of relatively-fresh water (saline and/or sodic) 

and freshwater (canal water), two options are available to the farmers: (i) blending of different quality 

water supplies, and (ii) cyclic use of different quality waters. Though blending of saline water and canal 

water may not always be beneficial to crop production, as it does not reduce the total salt load (Gupta, 

1990). However, it improves the stream size that would enhance the uniformity in irrigation by the surface 

irrigation application systems and allows for more area to be planted (Gupta and Minhas, 1993). The 

process, however, may lead to improvement in the quality of sodic waters. It seems that blending of canal 

water with the pumped groundwater of high RSC and low calcium concentration would result in under-

saturation with respect to calcite. Consequently, the blended water on irrigation will have greater 

tendency to pick up calcium through dissolution of native calcite from soils. There is, however, no direct 

evidence available at present to support the above proposition. 

However, the blending of sodic water (having high RSC and low calcium concentration) and canal water 

can dilute water to acceptable quality and can broaden the choice of crops. Therefore, it may be 

considered as an effective solution to the water quality problems if facilities for blending are available and 

the blending ratio is known. Thus, to achieve this, a prior information of the salinity threshold values of the 

crops to be grown in sequence and salt build up in the root zone with use of a given quality water during 

the cropping seasons is essential. The strategy of cyclic use of different quality waters involves the use of 

canal water at the most sensitive growth stages/crops grown and saline water is used at other stages 

such that the effects of the resultant soil salinity build up can be minimized. In most of the crops, the 

germination and vegetative periods have been identified as the most sensitive stage to salinity. A failure 

at these stages will lead to poor crop stand and considerable reduction in yields (Rhoades, 1987). 

Leaching practices: When watertable is deep, leaching of salts from the soils irrigated with saline water 

could be accomplished by ponding. But, when watertable is shallow, care should be taken while applying 

such leaching practice. However, the timing of leaching does not appear to be critical provided crop 

tolerance is not exceeded for extended period of time. Where water is available only during a specific 



 112 

period, there is no alternative than to go in for leaching only at the time of water availability (Somani, 

1993). Ponding may be continuos or intermittent. Somani and Totawar (1993) described that half as much 

water was required with intermittent ponding as with continuos ponding for the same reduction in root 

zone salinity. Actually, intermittent ponding reduces bypass flow through macro pores because it creates 

the predominance of unsaturated flow in the root zone. Intermittent ponding also provides ample time for 

salts (adsorbed/absorbed) to dissolve in the soil water, and these dissolve salts, now, requires less water 

for the reduction of root zone salinity.  

Rainfall management practices 

As irrigation waters are applied to soils supporting crop growth, the crop removes much of the water and 

leaves a majority of the soluble salts behind. Maximum utilization of rainfall is the single most important 

practice for agricultural areas irrigated with the saline water. Actually, rainfall helps in the leaching of 

accumulated salts, because it is the best quality water available for leaching of soluble salts from the root 

zone. Therefore, every possible effort should be made to make effective use of rainfall (Somani, 1993). 

Rainfall in many cases may be adequate to accomplish all the needed leaching. Where rainfall is not 

expected to be adequate, the initial leaching should be carried out with saline groundwater before the 

onset of monsoon. The monsoon will, then, help in leaching the salts further with high efficiency. 

Moreover, a pre-monsoon leaching coincides with the period when watertable is deep to facilitate 

leaching of salts to a greater depth while delaying upward rise of salts (Prathapar and Qureshi, 1999). 

Shallow watertable management practices 

Crop use of shallow groundwater: The amount of shallow groundwater available to a crop can be 

determined by knowing: (i) the depth to watertable, (ii) the quality of the groundwater, (iii) the depth of root 

zone, and (iv) the salt tolerance of the plants. The more closely the depth of root zone and crop salt 

tolerance match the depth to watertable and the quality of the groundwater, the more likely the plants are 

to extract groundwater (Kruse, 1995). The reduction in crop yields with shallow watertables may be 

attributed to limited aeration and restricted root volumes, while reductions under deeper watertable 

depths might be due to limited groundwater capillary contribution to the roots (Tanji, 1995). 

Management of soil salinity: The potential for increasing salinity in the root zone increases if significant 

quantities of saline groundwater are used (Hoffman and van Genuchten, 1983). Therefore, while 

maximizing the use of groundwater without a loss in productivity due to salinity, care should be taken to 

manage the root zone salinity below the salt tolerance level of the crop. Rhoades (1984) suggested that 

leaching should take place during a fallow period or early in the growing season, when crop‘s root system 

is shallow and the water demand is small and the watertable is relatively deeper to avoid raising the 

watertable to the extent that the crop is damaged. 

Irrigation scheduling: Irrigation scheduling under shallow watertable conditions can be designed either 

for (i) the maximum contribution from the shallow groundwater, (ii) the little or no groundwater 
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contribution, or (iii) the intermediate value of groundwater use. However, good irrigation management 

allows the crop to use shallow groundwater. With maximum groundwater contributions, irrigation can best 

be scheduled using plant-based measures. The depth of irrigation water to apply is estimated from soil 

moisture measurements. The optimum time to irrigate is at the highest stress level that does not reduce 

yield. Irrigation at lower stress levels would result in more frequent irrigation, more deep percolation and 

less contribution to AET from the watertable. The time of first irrigation is critical for unrestricted plant 

growth and root development. Soil salinity measurements at the end of the previous irrigation season can 

be used to calculate the leaching required for re-establishing a favorable soil salinity profile for the next 

growing season. Rainfall plus rouni can provide necessary leaching. Most type of irrigation application 

systems allows this management (Kruse, 1995). 

To obtain little or no groundwater contribution, management is somewhat simpler. Only irrigation and 

rainfall supplies the crop water requirement. Deep percolation is minimized. Daily irrigation application, to 

compensate water used by the crop, can do this most easily. The daily irrigation application also prevents 

significant contribution from the watertable. Periodic leaching during the season can prevent the buildup 

of salts in the root zone. An irrigation application system that can provide highly uniform applications is 

required. Sprinkler or drip/trickle irrigation systems are preferred (Kruse, 1995). Lack of data on the 

plant‘s temporal extraction of groundwater presents an obstacle to obtaining an intermediate amount of 

groundwater use, which can achieved on a seasonal basis by eliminating the final irrigation of the season. 

Hutmacher et al., (1986) found that wheat grown in the presence of a shallow saline watertable did not 

suffer a reduction in yield when the last irrigation of the season was eliminated. 

Monitoring and evaluation of management practices 

The estimation of water and salt balances are used to monitor and evaluate different management 

practices. The water and salt balances are so closely related that it is not possible to separate them out 

(Gupta and Gupta, 1997). 

Under irrigated agricultural areas where annual salinisation–desalinization cycles occur, the amount of 

salts stored in the root zone fluctuates continually. The goal of successful water and salt management for 

salinity control in the root zone should be to maintain this fluctuation within limits that neither allow excess 

drainage nor reduce the growth of the crops (Hoffman, 1995). 

PRELIMINARY FRAMEWORK 

A framework is defined as a set of inter-linked actions aimed at achieving desired objectives. The 

preliminary framework for irrigation scheduling with skimmed groundwater aimed at root zone salinity 

management comprises a set of inter-linked actions for which the following guidelines are provided: (i) 

What is the basic set of information required? (ii) When to irrigate? (iii) How much to irrigate? (iv) How to 

irrigate? (v) When to adjust? (vi) How much to adjust? and (vii) How to adjust? 
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These guidelines could be defined as tools and yardsticks that play pivotal role in decision making 

regarding timing and amount of irrigation water applications aimed at managing root zone salinity and 

productivity of land and water without any adverse environmental effects. 

What is the basic set of information required? 

The following basic set of information identifies benchmark data to be utilized for implementing irrigation 

scheduling with skimmed groundwater aimed at root zone salinity management: 

 Soil characteristics (texture, and soil moisture characteristics); 

 Crop characteristics (effective and total depth of root zone, crop evapotranspiration behaviour at 

different growth stages, yield response functions; and salt tolerance characteristics); and 

 Irrigation water quality. 

When to irrigate? 

The decision regarding the timing of irrigation depends upon the soil moisture depletion and soil salinity 

levels in the effective depth of root zone. The effect of root zone salinity is considered while keeping in 

mind the crop salts tolerance characteristics and yield response functions. The soil moisture depletion 

level in the effective root zone is an indicator for deciding the timing of irrigation. In the context of irrigation 

with skimmed groundwater, the management allowed deficit (MAD) for a predetermined salinity level is 

defined as the soil moisture depletion where root zone salinity is either equal or less than the crop salts 

tolerance. Figure 3 presents the flow diagram that can be used while deciding the timing of irrigation. 

 

 

 

 

 

 

 

 

 

Figure 3. Flow diagram for deciding the timing of irrigation. 

How much to irrigate? 

Figure 4 presents the flow diagram for deciding the amount of irrigation water application. The decision 
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and water, is made by using two different strategies representing different watertable conditions. Under 

shallow watertable conditions where the root zone falls within the groundwater capillary reach, the depth 

of irrigation water to be applied (Dir) depends upon the net soil moisture depletion (Dr
*
). Practically, the Dr

*
 

is estimated by using tensiometers at different depths in the total root zone, as the soil moisture depletion 

level in the total root zone is an indicator for deciding the amount of irrigation. For the given application 

efficiency (AE), the Dir is estimated as: 
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Figure 4. Flow diagram for deciding the amount of irrigation. 

 

 

 

 

 

 

 

 

 

Figure 5. The actual evapotranspiration behaviour under soil moisture stress. 
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Under deep watertable conditions where the root zone falls beyond the groundwater capillary reach, the 

Dir depends upon the AET. Equation (14) is used to calculate daily AET. Where there is no soil moisture 

stress or soil salinity stress, the transpiration reduction factor, Ks, is equal to 1. When the soil moisture 

stress affecting the AET, then Ks is calculated by using Equation (13). However, under soil salinity stress, 

Ks is calculated either by using Equation (15) or Equation (16), depending upon the soil moisture and 

salinity stress conditions. The relationships between the AET and water stress, and the AET and the 

combined stresses of water and salinity are depicted in Figure 5 and 6, respectively. If n is the number of 

days between two irrigations, then for the given application efficiency (AE), the D ir is estimated as: 

 
AE

AET

D

ni

1i

i

ir
  (19) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The actual evapotranspiration behaviour under soil moisture and salinity stresses. 

How to irrigate? 

Irrigation application systems play a vital role in increasing the irrigation performance of the irrigation 
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apply the desired depth of water to the crop field aimed at managing root zone salinity and productivity of 

land and water without any adverse environmental effects. 

Pressurized irrigation application systems 
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 Light irrigation
12

 is possible with these kind of irrigation application systems, where as it is difficult 

with surface irrigation. 

However, the following constraints limit the scope of pressurized irrigation application systems: 

 Initial capital cost is high; 

 High operation and maintenance costs; 

 Energy dependence; 

 Skilled labour requirement; 

 Traditionally non-familiar water application system; 

 Requirement of silt-free water; and 

 Field application constraints. 

Innovative irrigation application systems 

The innovative irrigation application systems provides the following opportunities: 

 Relative to surface irrigation, the innovative irrigation application systems enhance capability of 

the farmer to control water applications; 

 Relative to pressurized irrigation application systems, farmers
13

are more familiar with innovative 

irrigation application systems; 

 Low initial, operation and maintenance costs; 

 Less skilled labour requirement; 

 Benefits derived by using silt-loaded water; and 

 Less energy requirements. 

However, the following constraints may limit the scope of innovative irrigation application systems: 

Specialized machinery requirement; and 

Field application constraints. 

Pressurized and surface irrigation application systems 

The combined use of pressurized and surface irrigation application systems has the following benefits: 

                                                      
12

 Light irrigation is needed when there is a minimum crop water requirement. This is also a requirement when groundwater 
contribution meets the crop water requirement under shallow watertable condition to dilute the salinity in the effective root zone. 
13

 Old generation of farmers (from Indian Punjab) used to use low discharges (6-14 lps) by using innovative irrigation application 
systems. 
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 The application of pressurized irrigation application system can help to geminate and establish 

salt-sensitive crops by applying small depths of water uniformly, and by keeping the seed bed 

adequately moist and salt-free; and 

 Surface irrigation can help in growing the established crop, as when pressurized irrigation 

application system uses relatively-fresh water to grow the established crop, salt deposits on 

leaves may adversely affect some crops. 

When to adjust? 

The estimation of water and salt balances is used for assessing the need for any adjustments regarding 

the timing and amount of irrigation water applications aimed at managing root zone salinity and 

productivity of land and water. The monitoring and evaluation of this preliminary framework will also help 

in developing guidelines for irrigation scheduling with skimmed groundwater. 

For the agricultural areas irrigated with canal water but also have shallow watertable with thin lenses of 

relatively-fresh groundwater overlying the native saline groundwater, the components of water and salt 

balances under the cropped lands, irrigated with canal and/or skimming groundwater, are summarized in 

Table 13. 

Table 13. The components of water and salt balances under agricultural lands irrigated with skimming 
source pressurized irrigation application systems. 

Components of Water Balance 

IN OUT 

Canal water irrigation 

Rainfall 

Groundwater capillary contribution 

Lateral groundwater contribution 

Skimmed water irrigation 

Evapotranspiration 

Lateral groundwater contribution 

Deep percolation 

Components of Salt Balance 

Canal water irrigation 

Groundwater capillary contribution 

Lateral groundwater contribution 

Skimmed water irrigation 

Fertilizer/Amendments 

Lateral groundwater contribution 

Deep percolation 

Precipitation 

Water balance 

Irrigation (canal and/or skimmed water), rainfall, and groundwater capillary contribution add water to the 

root zone, and compensate the root zone depletion. Evapotranspiration and deep percolation remove soil 

moisture from the root zone and increases the root zone depletion. 
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The schematic representation of the different components of water balance in the root zone is depicted in 

Figure 7.  

The water balance expressed in terms of root zone depletion is: 

ldgwspcir DAETDDDDDDD  (20) 

Where, Dr is the root zone depletion (mm), Di is the initial soil moisture (or initial depletion) in the root 

zone (mm), Dc is the depth of canal water irrigation (mm), Dp is the rainfall (mm), Ds is the depth of 

skimmed water irrigation (mm), Dgw is the groundwater capillary contribution (mm), Dd is the deep 

percolation (mm), AET is the actual evapotranspiration (mm), and Dl is the net lateral groundwater 

contribution (mm). 
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Figure 7. Schematic presentation showing different components of salt and water balance under the 
irrigated agricultural areas. 

To initiate the water balance in the root zone, Di should be estimated. The initial depletion in the root zone 

can be estimated from the average soil moisture in the root zone ( i) by: 

riFCi Z D      (21) 

If the amount of Dp is less than 0.2 times the CED, then it can usually be ignored in the water balance 

calculations as it is normally entirely evaporated. The Dc and Ds are the average irrigation (of canal and 

skimmed water, respectively) depth expressed for the entire field surface. The amount of Dgw depends 

upon the soil type, the depth to watertable, and the wetness of the root zone. The Dgw can normally be 

ignored when the watertable is more than 1.5m below the bottom of the root zone. 

It is assumed that the water can be stored in the root zone until field capacity is reached. Although 

following irrigation or heavy rainfall, the soil moisture in the root zone might exceed field capacity, but the 

amount of water above field capacity is assumed to be lost the same day by Dd, following by AET for that 

day. As long as the soil moisture in the root zone is below field capacity, the soil will not drain (Dd = 0). 

Salt balance 

The salt storage in the root zone of irrigated areas can be worked out by various components of water 

balance (as already described in Table 13) by multiplying with their respective salt concentrations. The 

resulting salt storage or leaching from the root zone can be mathematically written as follows: 

llddgwgwsscciis ECDECDECDECDECDSDS     (22) 

where, Ss is the change in salt storage in the root zone, Si is the salt initially present in the root zone, 

Dc(ECc) is the salt added through canal water irrigation, Ds(ECs) is the salt added by the application of 

skimmed water, Dgw(ECgw) is the salt added by the groundwater capillary contribution, Dd(ECd) is the salt 

removed from the root zone as a result of deep percolation, Dl(ECl) is the addition/removal of salts due to 

net lateral groundwater contribution. 

It should be remembered that irrigation may induce mineral dissolution (Sm), Salts may also be added 

directly to the root zone such as through application of amendments (Sa) and/or fertilizer (Sf). On the other 

hand, salts are removed from the root zone by crops (Sc). Salts may also be precipitated (Sp). However, if 

salts in the root zone are considered as conservative salts, Sm and Sp can be neglected. But still, it may 

not be possible to neglect Sa, Sf, and Sc without causing wide differences in the calculated and actual salt 

balance. 

Moreover, unknown parameters in Equation (22) add another dimension to the complexity in the use of 

this equation. For example, Dgw, Dd, Dl, ECgw, ECd, and ECl are not exactly known. Therefore, it is 

recommended to monitor the salt status of irrigated lands to work out the salt regime. It would not only 
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help in diagnosing the problem, but also help in identifying factors that are responsible for salt 

accumulation in the root zone or those which would help to leach down the salts from the root zone. 

Therefore, while preparing the salt balance sheet, causes, rate and degree of accumulation or leaching 

should also be worked out. 

The salt balance in the root zone is usually determined for short-term duration (monthly basis), medium-

term duration (seasonal basis) and long-term duration (annual basis). The following salt balance 

situations may occur: 

 Balance in favour of leaching (if Ss is negative) 

 Stable salt balance (if Ss is zero) 

 Balance in favour of salt accumulation (if Ss is positive) 

In irrigated agriculture, time frame within which salt balance of the root zone is determined, could be very 

important not only from the point of view of saving water but also for the crop health. The time frame 

would normally depend upon how fast the salinity build-up occurs in the root zone. For salt sensitive 

crops irrigated with relatively-fresh water, salt balance at the each irrigation event may be important. For 

salt tolerant crops, it may be possible to allow build-up of salt in the root zone, and carry out leaching at 

appropriate time when water is available. 

How to adjust? 

While developing guidelines for irrigation scheduling with skimmed groundwater under the given 

management practices, there is a need of developing site-specific and crop-specific relationships 

between the salinity in the root zone and the factors affecting salinity in the root zone while irrigating with 

relatively-fresh water. These relationships develop linkages between the net soil moisture depletion and 

the threshold levels of the root zone salinity at different stages of the crop growth under different soil 

moisture depletion levels. These relationships would provide ample scope to manage salinity in the root 

zone at a pre-decided level. 

Under shallow watertable condition 

The relationships between the salinity in the effective root zone and following parameters will help in 

deciding ―how to adjust?‖ for the given site-specific and crop-specific conditions: 

 Depth to watertable; 

 Groundwater capillary contribution; 

 Quality of groundwater; and 

 Soil texture. 
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Under deep watertable condition 

The relationships between the salinity in the total root zone and following parameters will help in deciding 

―how to adjust?‖ for the given site-specific and crop-specific conditions: 

 Quality of irrigation water; 

 Number of irrigations; 

 Soil texture; 

 Leaching fraction; and 

 Rainfall. 

How much to adjust? 

Based on the site-specific and crop-specific relationships, the adjustments will be quantified while 

developing guidelines for irrigation scheduling with skimmed groundwater. For instance, if MAD in the 

preliminary framework for irrigation scheduling with skimmed groundwater was taken equal to 50% soil 

moisture depletion. And, the monitoring and evaluation of the preliminary framework showed that it should 

be reduced to say 35% soil moisture depletion for managing salinity in the root zone and for enhancing 

the productivity of land and water under the given management practices. 

In developing preliminary framework for irrigation scheduling with skimmed groundwater, the following 

information indicates that are we following irrigation scheduling practices right? 

 What is the basic set of information required? 

 When to irrigate? 

 How much to irrigate? 

 How to irrigate? 

While the following information reflects that are we following right irrigation scheduling practices? 

 When to adjust? 

 How much to adjust? 

 How to adjust? 

Generally, it is concluded that the methodology of developing such guidelines is formulated so that it can 

be generalized for uses in other similar aquifers in the Indus Basin of Pakistan. 
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Root Zone Salinity Management for Sustaining Crop Production in 

Saline Groundwater Areas 

In the Indus Basin of Pakistan, multi-strainer shallow tubewells often called ‗skimming wells‘ are used to 

extract groundwater from thin fresh lenses underlain by saline groundwater. Most of these wells face 

problems such as deteriorating water quality and reduction in discharge due to inadequate designs and 

poor operational and management strategies. This paper evaluates the current practices of farmers in the 

Chaj doab area of Pakistani Punjab and suggests improvements in design and operation of skimming 

wells to ensure long-term sustainability of irrigated agriculture in the area. The effect of existing design 

and operation of skimming wells on pumped groundwater quality was evaluated using MODFLOW. To 

study the long-term effects of skimmed groundwater use on crop production and soil salinity 

development, the soil water flow and solute transport model SWAP was applied. The results revealed that 

farmers could reduce the number of strainers from 16 to 6 without reducing the anticipated discharges. 

For the conditions considered, the maximum discharge of skimming wells should be 4-8 l/s and they 

should not be operated for more than 2–4 h per day. Increasing discharge rate or daily operational hours 

can disturb the interface between fresh and saline groundwater resulting in reduced quality pumped 

groundwater. Weekly operational schedules together with recommended discharge rate and operational 

hours will be the best strategy to use skimmed groundwater for achieving optimal crop yields while 

maintaining root zone salinity within acceptable limits. To avoid aquifer degradation, skimming wells 

should be used for supplemental irrigation rather than full irrigation of crops. Due to low discharge rates, 

skimming wells cannot be used to irrigate crop through surface irrigation methods. Therefore pressurised 

irrigation methods should be used. The results also suggest that continuation of present irrigation 

practices could lead to serious problems of land and aquifer degradation. Therefore, farmers need to 

adjust their irrigation and leaching requirements annually considering crop evapotranspiration, 

precipitation and salinity status of soils. 

INTRODUCTION 

In the Indus Basin, the natural groundwater is deep and saline because of the marine origin of the hydro-

geologic formation. Percolation of irrigation and rainfall waters has formed fresh groundwater lenses in 

many locations above the underlying saline groundwater. The thickness of this fresh groundwater lens 

varies from a few meters to more than 150 m. In general the fresh groundwater lenses are found close to 

the rivers, and saline groundwater areas are present in the central and lower regions of the doabs –area 

enclosed between two rivers (Figure 1). In fresh groundwater areas, the fresh groundwater lenses are 

thick (> 38 m). In saline groundwater areas, the thickness of fresh groundwater lenses is thin (< 38 m).  

According to Zuberi and McWhorter (1973), saline groundwater areas occupy more than 30 percent of the 

Indus Basin, mainly in Punjab and Sindh. In saline groundwater areas of the Indus Basin, about 200 

Billion Cubic Meters (BCM) of fresh groundwater has accumulated (NESPAK, 1983), and over 20 BCM of 
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fresh groundwater is being recharged annually to these saline groundwater areas (Sufi et al. 1998). 

Development of appropriate technology and adequate operational strategies for the safe abstraction of 

this valuable resource can contribute significantly in overcoming the scarcity of water in the Indus Basin 

(Mirbahar et al. 1997; Saeed et al. 2003). The use of ‗skimming wells‘ can be an effective way of 

extracting fresh groundwater from thin lenses without disturbing the underlaying saline groundwater 

layers (Chandio and Larock, 1983; Sufi, 1999). A skimming well is a multi strainer tubewell penetrating 

partially, but vertically using small bores, into the unconfined aquifer underlain by saline groundwater 

layer. 

The large-scale groundwater exploitation from the Indus Basin aquifer started about 40 years ago when 

about 1400 deep single-strainer tubewells with 30-75 m depth and discharge capacity of 80 l/s were 

constructed to combat waterlogging and salinity problems. Since then the utilization of groundwater for 

irrigation has grown rapidly. Farmers locally developed this technology as a single-strainer shallow 

tubewells in fresh groundwater areas, and small bore multi-strainer shallow tubewells, referred to as 

skimming wells, in saline groundwater areas of Punjab and Sindh provinces (Hafeez et al. 1986). The 

current rates of groundwater use in most of the areas are unsustainable. Rapidly falling water tables and 

increasing salinity of the pumped groundwater attest that more expensive and poor quality groundwater 

will have to be used for irrigation in future. This impairs the capacity of this region to feed its growing 

population.  

In saline groundwater areas of Punjab and Sindh provinces, farmers have installed almost 10,000 

skimming wells (ACE Halcrow JV Consultants, 2002). Most of these wells are not properly designed and 

are run with inadequate operational schedules (Saeed et al. 2002). As a result, saline groundwater 

upconing, i.e. upward movement of saline groundwater in an unconfined aquifer having fresh 

groundwater lens underlain by saline groundwater layer, occurs and the quality of pumped water is 

deteriorating and a large number of wells have already been abandoned. Moreover farmers do not have 

sufficient knowledge on the use of skimmed groundwater for maximizing crop yields and minimizing 

environmental degradation. Thus, salinity problems are emerging in large areas and salt-affected soils 

are becoming an important ecological problem with about 6 million ha already affected.  

Due to relatively low discharge rates (3-8 l/s) the skimmed groundwater cannot be applied to the fields 

using surface irrigation methods. Therefore the effectiveness of alternative irrigation methods, such as 

pressurised irrigation systems, needs to be determined. Application of small volumes of water might 

trigger the salinity development in these soils due to less leaching of salts. Therefore long term effects of 

the skimmed groundwater use on crops and soils also need to be evaluated. This paper presents the 

results of a three year study conducted to develop cost-effective and technically feasible design and 

operational strategies of skimming wells and to prepare guidelines for managing root zone salinity in 

areas where skimmed groundwater was used with pressurised irrigation, either alone or intermittently with 

surface irrigation. 
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DESCRIPTION OF THE STUDY AREA 

This study was conducted in the Chaj Doab, the area between Jhelum and Chenab Rivers, which is one 

of the intensively developed and significantly productive irrigated areas of the Indus Basin. The location 

map of the study area is shown in Figure 2. The Gross Command Area (GCA) of Chaj Doab is 0.95 Mha, 

and 87 percent forms the Culturable Command Area (CCA). The citrus orchards form the salient features 

of the landscape due to the suitability of agro-climatic and agro-hydrological conditions for citrus 

plantation. The percentages of CCA owned by the small, medium, and large landholders are 10, 37, and 

53 percent, respectively. The majority of farmers have small and medium landholdings (around 80 

percent with 1:1 ratio), however these two types of farmers have citrus orchards only on 6-8 percent of 

their CCA. In case of large landholders, such orchards occupy around 30 percent of their CCA. Annual 

cropping intensity is highest for small landholders (147 percent), and the lowest for the large farmers (115 

percent). 

The cropping seasons vary with individual crops but are generally defined as ‗kharif’ from mid-April to 

mid-October, and ‗rabi’ for the remaining year. Main crops of kharif season include sugarcane, maize, rice 

and kharif fodder, while wheat and rabi fodder are the main rabi crops. Two main canals, upper and lower 

Jhelum canals, irrigate this area. These two canals were designed to supply 4.4 BCM to the area. For the 

drainage purposes: this area is divided into two main zones: SCARP-II non-saline zone, and SCARP-II 

saline zone. Alluvial deposits underlie the Chaj Doab, the resulting aquifer is unconfined, and is mainly 

composed of medium to fine sand. Total thickness of the aquifer is more than 300 m, and the 

groundwater fluctuates between 1.5 and 4 m in a yearly hydrological cycle. The soils of the area range 

from coarse to moderately fine, with a predominance of moderately coarse texture soil classes. 

The climate of the area is characterized by large seasonal variations in temperature and rainfall. During 

winter, the daytime high temperature ranges from 7 C to 20 C. In summer, from May to August, the 

weather is extremely hot with daytime high temperatures rising to 20-40 C. Although, the rainfall is 

markedly variable in magnitude, seasonality and its spatial distribution (Khan and Muhammad, 2000), it 

contributes significantly in meeting crop water requirements. The mean annual rainfall and reference 

evapotranspiration are 460 and 1625 mm, respectively. While comparing the cropping season with the 

climate season, it appears that the critical initial months of both the cropping season are practically devoid 

of rainfall. The supply of canal water is usually less than residual crop water requirements, which has 

prompted more and more farmers to groundwater to make up the remaining shortfall, and groundwater 

extractions are about 4.9 BCM in the study area. 

Irrigation water use from different sources by types of landholders is presented in Table 1. Groundwater 

use (alone or conjunctively with canal water) is more than 50 percent in all types of landholders, however 

large landholders use more groundwater as compared to small and medium landholders since they can 

afford to have their own tubewells or purchase the services of tubewells from their neighbours. Thus, the 

distribution of benefits from groundwater irrigation in the society is not equitable. The current practices of 
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groundwater extraction and its use have favoured the rich at the cost of poor. However, if well installation 

and operational costs are reduced, nearly all farmers will have their own tubewells. Skimming wells can 

offer such incentives. Therefore, developing cost-effective and technically feasible design and operational 

management strategies for skimming wells, is one way of ensuring equitable distribution of benefits from 

groundwater irrigation among the farming community. 

MATERIALS AND METHODS 

A GIS-based spatial analysis was carried out to classify deep groundwater quality zones in the study 

area. The marginal or hazardous groundwater quality zones, which cover around fifteen villages in the 

study area, were anticipated to have fresh groundwater lenses resulting from deep percolation of 

irrigation and rainfall waters. From these identified villages, six different sites (two in SCARP-II saline 

zone, and four in SCARP-II non-saline zone) were selected to carry out the Diagnostic Analysis (DA). The 

DA used resistivity survey, bore logs (to a depth of 75m), water quality sampling from hand pumps, and 

shallow wells to investigate salinity and hydro-geological conditions of the aquifer. These investigations 

confirm the presence of fresh groundwater lenses overlying the saline groundwater and in estimating the 

thicknesses of these fresh groundwater lenses, groundwater quality at different aquifer depths, and the 

aquifer composition. 

A farmer owned sixteen-strainer skimming well was monitored from June 2000 till December 2001 to 

study its hydraulic performance and hydro-salinity behaviours under different pumping regimes. In this 

well, each strainer had 6.7m of screen length, and well penetration ratio was estimated to be equal to 

60% of the fresh groundwater lens. The horizontal distance of strainers from suction point varies from 1.5 

to 4.6m. For 74% of the times of observed tubewell operations, this well was operated between 2-8 h/d. A 

schematic diagram of the observed skimming well is shown in Figure 3. 

The MODFLOW and MT3D models (Chiang and Kinzelbach, 1996) were calibrated for the Chaj doab 

conditions (Asghar et al. 2002) and used to study the effect of different penetration depths, operational 

hours and discharge rates on the quality of pumped groundwater. For model simulations a spatial domain 

89m x 89m was divided into 23rows and 23 columns, with each cell of 3.9x3.9m. The vertical domain of 

100m was divided into nine layers of variable thickness to accommodate groundwater quality profile, and 

to allow for simulation of the different well penetration ratios. No flow boundary condition was considered 

on the sides and the bottom boundaries. The top layer was considered unconfined while other layers 

were considered convertible between unconfined and confined depending upon the aquifer hydraulic 

conditions. The multi-strainer skimming well was represented as a single well point in the centre of the 

simulation network. 

The values of horizontal hydraulic conductivity, vertical hydraulic conductivity, and specific yield of the 

aquifer were taken as 30 m/day, 20 m/day, and 0.4 (-), respectively. For the MT3D, the best-fitted values 

of the longitudinal, horizontal transverse, and vertical transverse dispersivity were taken as 1.89, 0.378, 
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0.378m, respectively. The value of the effective porosity of the aquifer was set equal to 0.4 Kemper et al. 

(1976). The initial depth to water table was taken as 1.5m. The initial thickness of fresh groundwater lens 

was 30m for relatively thick lenses, and 20m for thin lenses.  

The operational strategies and resulting quality of skimmed groundwater optimized by MODFLOW 

simulations were tested for their long-term effects on crops and soil degradations. Soil-Water-

Atmosphere-Plant relationship (SWAP) model (van Dam et al. 1997) calibrated by Sarwar et al. (2000) 

was used for this purpose. SWAP is a one-dimensional model to describe transient water flow and solute 

transport in a heterogeneous soil root system, which can be under the influence of groundwater. Root 

water extraction at various depths in the root zone is calculated from potential transpiration, root length 

density and reduction due to water and/or salinity stress in the root zone. Irrigation applications can be 

prescribed at fixed intervals or user may choose various irrigation timings, depth and water quality. 

A farmer‘s field measuring 0.4 ha was extensively monitored from July 2002 to April 2003 to gather 

information regarding irrigation applications, sowing and harvesting dates, groundwater pumpage and 

other agronomic parameters needed for model application. Maize-wheat cropping pattern was used for 

simulation, as these are the dominant crops of the study area. Maize is usually sown during the months of 

July-August to meet the fodder demands for their animals, while wheat is sown during October-November 

after the maize harvest. The groundwater table, which fluctuated in the range of 1.5 to 4.0m, was used as 

bottom boundary condition. The upper boundary condition was dependent on daily evapotranspiration 

rate, actual rainfall, and irrigation. The soil profile was taken as 480 cm and was divided into three soil 

layers for model application. The soil hydraulic properties of these three layers were defined by van 

Genuchten and Mualem (VGM) parameters (van Genuchten, 1980) and were adapted from Sarwar et al. 

(2000). The details of input parameters used for model simulations are given in Table 2. Long-term 

simulations were performed for a period of 15 years, as daily rainfall, maximum & minimum temperatures, 

sunshine hours and wind speed were available from the study area.  

RESULTS AND DISCUSSION 

Evaluation of farmers’ current practices regarding the design and operation of 

skimming wells 

The results of Participatory Rural Appraisal (PRA) and field surveys conducted in the study area revealed 

that the major factors contributing to the popularity of skimming wells among farming community include: 

(i) availability of locally manufactured material, (ii) availability of local expertise for drilling, installation and 

maintenance, (iii) shallower depths to water table that helps use centrifugal pumping units, (iv) technically 

simple as compared to other groundwater extractions technologies, and (v) economics and affordability. 

The deterioration of water quality and reduction in well discharges over time were identified as major 

problems. Due to absence of any design code in the area, every skimming well in the area was different 

than the others in term of depth of skimming wells, number of strainers and horizontal distance of strainer 
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from suction point. The depth of skimming well in the area ranges between 9 to 27 m and the number of 

strainers varying from 2 to 26. The results of modeling simulations revealed that initially discharge rate 

increased considerably with the increase in number of strainers. However, after 6 strainers the increase in 

the discharge rate was marginal (Figure 4). This shows that farmers could reduce number of strainers to a 

maximum of 4-6 without reducing the discharges. This will not only reduce the initial installation costs but 

will have a significant impact on the operational costs.  

The horizontal distance of strainers from suction point was found to be between 1.5 to 4.5 m (Figure 3). 

The common perception of farmers and well drillers in the area was that well discharge increases with the 

number of strainers. It was also believed that putting all strainers at equal distance from suction point 

would reduce the well discharges. Therefore most of the skimming wells in the area are installed on the 

recommendations of local drillers rather than suitability of hydro geological conditions. 

Evaluation of the performance of farmers’ existing skimming wells 

Figure 5 shows the changes in the quality of pumped groundwater as observed in the field during the 

period from October 2000 to July 2001. The water table tends to decline as the recharge due to rainfall 

and percolation from irrigation fields was minimal. As a result, quality of the pumped groundwater also 

deteriorated. From July onwards water table started rising and pumped groundwater quality was 

improved. This was mainly due to excessive recharge from the monsoon rains. This shows that 

percolation from rainfall is an important parameter that improves the quality of pumped water from 

skimming wells installed in the shallow fresh groundwater aquifers underlain by saline groundwater. 

Therefore restricting pumping from skimming wells during dry periods (April-July) when recharge is low 

and chances of water quality degradation are high could be a better management strategy for controlling 

saline groundwater upconing. This is practically feasible as after harvesting of wheat crop in April, fields 

are usually kept fellow till the sowing of maize in July-August. This intermitted pumping could be a good 

strategy to control groundwater quality and sustain crop production. 

Pumping test were also carried out in the field using sixteen strainer skimming well to study the impact of 

daily operational hours on pumped water quality and discharge rate and the results are presented in 

Figure 6. The discharge rate of this skimming well was 28 l/s during the first hour of operation, which was 

reduced to 26.6 l/s after second hour of operation. With the increase in daily operational hours from 2-12, 

the pumped water quality deteriorated three fold, and the discharge rate reduced from 26.6 to 19 l/s. This 

equals to 30 percent reduction in discharge rate when compared with the first hour of operation. Figure 6 

clearly demonstrates that in the conditions considered, operating skimming wells from 4-6 hour per day 

will keep the pumped water quality between 1.0 to 1.2 dS/m while reduction in well discharge will be 15-

20%. Increased operational hours can cause drastic reductions in well discharges and a quantum drop in 

the quality of pumped water. Therefore operational hours of skimming wells installed in the thin fresh 

groundwater aquifer areas should be restricted to ensure long-term sustainability. 
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Evaluation of the impact of different operational strategies of skimming wells on 

aquifer behavior 

The calibrated MODFLOW model was also used to study the effect of different discharge rates, daily 

operational hours and operational strategies on quality of pumped groundwater. The simulations were 

performed for the aquifers having thin layers (< 38 m) of fresh groundwater underlain by saline 

groundwater. The summary of simulation runs is given in Table 3.  

Figure 7 shows the impact of different discharge rates on the salinity of pumped water. The simulations 

were performed for one year using calibrated MODFLOW model. The pump was operated for two hours 

after every week. Weekly irrigation schedule was preferred to comply with the 7-day fixed rotational canal 

water distribution system called ‗warabandi‘. This system is widely practiced in the study area to ensure 

equitable distribution of scarce canal water supplies to all farmers located in a specific canal comand 

area. This system allows each farmer to take an entire flow of the watercourse  once in seven days and 

for a period proportional to the size of his land holding. As water duty is insufficient, groundwater is 

usually pumped to supplement canal water supplies. 

The simulation results indicate that for the well discharges of 4-8 l/s, the increase in the salinity of the 

pumped water was marginal. The increase in salinity of pumped water was 1.5 to 1.8 dS/m after 1 year of 

well operation. However, discharges of 16-28 l/s increases the salinity of the pumped water to over 2.0 

dS/m in just two months of well operation. Farmers in the area generally operate their well at 16-24 l/s 

discharges to generate sufficient flow to irrigate their fields using surface, irrigation methods. This has 

been one of the major seasons for the failure of most of the skimming wells in this area.  

The effect of daily operational hours on the quality of pumped water is shown in Figure 8. In these 

simulations, each pump was operated after every week to extract 8.0 l/s. The results depicted that 

restricting well operation to a maximum of 4 h/d can control the saline groundwater upconing. The higher 

daily operational hours, even following the weekly operational schedule, could degrade the fresh 

groundwater resource resulting from saline groundwater upconing.  

The effect of operational schedule on the quality of pumped water is shown in Figure 9. These results are 

based on 8 l/s well discharge with a maximum of two hours pumping every week. The results indicate that 

increasing the time between two consecutive pumping will have a positive impact on the quality of 

pumped water as it provides more time for aquifer stabilization. Although increasing the duration to 2-3 

weeks can further help in maintaining the quality of pumped water, it might not be practically feasible for 

farmers due to continuous water demand of crops.  

Based on the results of model simulations, two operational strategies were considered safe for skimming 

wells in this area as given in Table 4. In the first strategy the maximum irrigation application depth will be 

15 mm while for the second strategy, it can increase to 30 mm. The average irrigation depth applied by 

farmers using surface irrigation method is about 40 mm. Therefore when skimmed groundwater will be 
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used in isolation for irrigation, surface flooding method will not be suitable therefore pressurised irrigation 

systems should be preferred. For this study, a raingun system was used for irrigation with the skimming 

wells. However when skimmed water is used in conjunction with the canal water, surface irrigation 

methods can also be used for irrigating field crops. 

Evaluation of long-term effects of skimmed groundwater use on crops and 

environment 

The interactions of irrigation (skimmed groundwater and canal water) with crop production and soil salinity 

were studied under actual field conditions. Five irrigations were applied to a maize crop, out of which 

three irrigations were from canal water using basin irrigation system, and two irrigations were applied 

through raingun sprinkler system using skimmed groundwater. Wheat received a total of six irrigations: 

three irrigations from canal water , and three irrigations using skimmed groundwater. During these 

irrigations to maize and wheat crops, the average depth of canal water applied was around 40 mm; 

whereas an average depth of skimmed groundwater applied using raingun sprinkler system was 15 mm. 

The salinity of canal water and skimmed groundwater used for irrigations was around 0.3 and 1.3 dS/m, 

respectively. Irrigation schedules for wheat and maize together with the source of irrigation water followed 

by farmers and used for SWAP simulations are given in Table 5. 

A set of simulations was carried out to evaluate the consequences of farmers‘ current irrigation practices 

on crops and soil salinity and the results are presented in Figure 10. The ECe values represents the 

average root zone salinity calculated over a 1.0 m deep root zone. The root zone salinity during the maize 

season remained below 2.0 dS/m. This can be attributed to sufficient leaching during this period due to 

excessive monsoon rains. The relative transpiration (ratio of actual transpiration over potential 

transpiration: Ta/Tp) for maize was 0.96, which means that crop did not suffer from water or salt stress. 

However, this was not the case for the subsequent wheat crop where soil salinity remained below 2.0 

dS/m for initial and middle stages of the crop but markedly increased to 6.0 dS/m in the late growing 

stage. This shows that the water applied through irrigation and rainfall to wheat was not enough to 

provide adequate leaching of salts from the root zone. As plants are constrained in their capacity to 

extract water from roots under highly saline conditions, the relative transpiration of wheat was reduced to 

0.88 (12% yield reduction as compared to potential). This suggests that for sustainable crop production in 

these areas, farmers need to calculate their irrigation and leaching requirements more carefully. 

Figure 11 shows the long-term effects of farmers‘ current irrigation practices on crops and soils. The 

results indicate that continuation of farmers‘ current irrigation practices could lead to serious land 

degradation and crop growth problems due to salinity build up particularly in below average rainfall years. 

Therefore farmers need to adjust their irrigation schedules every year on the basis of crop 

evapotranspitaions, precipitation and salinity situations of the soil profile. This is essential to sustain crop 

production in these areas where canal water supplies are not sufficient and availability of fresh 

groundwater is very limited. 
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A second set of simulations with the calibrated SWAP was carried out to evaluate the long-term effects of 

two operational strategies optimized by using MODFLOW (Table 3) on crop production and development 

of soil salinity. The modeling results reveal that the deviations in annual precipitations from an average 

year are critical to maintain equilibrium between different water and salt balance components. Figure 12 

indicates the impacts of long-term use of skimmed groundwater through pressurised sprinkler system on 

crops and soil salinity. The results suggest that farmers could keep the salinity levels in the root zone 

below 4 dS/m if they apply 15 mm of sprinkler irrigation after every week to maize and wheat. The ratio of 

Ta/Tp based on 15 years average for this scenario was estimated to be 0.82 for maize and 0.96 for 

wheat. The reduction in maize yield was higher than wheat because maize starts facing salinity stress 

around 2 dS/m whereas wheat can tolerate salinity levels up to 6 dS/m.  

Similar results were obtained for strategy II. This strategy also allows farmers to irrigate their fields using 

surface irrigation methods. Both of these scenarios showed good response to relatively dry years. The 

slight build up in salinity during dry years was compensated in the subsequent average and above 

average rainfall years. Therefore on long-term basis, crop production will be sustained due to availability 

of acceptable quality of groundwater for irrigation. 

In the areas where periodic water shortages are experienced and access to groundwater is also limited 

as in the case of major parts of the Indus basin, the decision of which irrigation strategy to choose should 

not be a question of which schedule will maximize the crop production, but rather of which one will 

optimize crop production in a sustainable way within the available water supply and management 

capacity. The simulation results clearly indicate that in the present water deficient environment of the 

Indus basin, farmers need to do precise calculations of their irrigation and leaching requirements to halt 

environmental degradation and foster crop poroduction.  

CONCLUSIONS 

 The farmer‘s present practices regarding design, operation and use of skimmed groundwater are 

not consistent with the hydro-geological conditions prevailing in the study area. The continuation 

of these practices could lead to serious land and aquifer degradation problems that can threaten 

the long-term sustainability of irrigated agriculture in this area. 

 Skimming wells should mainly be used for supplemented irrigation rather than full-scale irrigation 

with surface irrigation methods. Due to low discharges of skimming wells, pressurised irrigation 

methods are preferred for irrigating field crops with the skimmed water.  

 To sustain crop production, reduce soil salinity hazard and prevent aquifer degradation, well 

discharge of 8 l/s with 2 hours per day operation after every week will be the best management 

strategy for this area. By adopting this strategy long-term availability of groundwater of acceptable 

quality can be ensured, which is an essential element for sustaining crop production. Weekly 

operational schedule of skimming wells is in concurrence with the existing 7 days canal water 
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distribution cycle therefore it will be much more practical for farmers.. This schedule can maintain 

near optimal crop yields without compromising on environmental sustainability. 

 Farmers need to adopt better management strategies for the use of available water resources 

(quantity and quality) to overcome problems of land degradation and consequent crop yield 

reductions. Relevant extension agencies should play a more active role in educating farmers by 

introducing the research results to the farming communities.  
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Table 1. Irrigation water use from different sources in the Chaj doab area. 

Farm size (ha) Canal water (%) Canal water + groundwater (%) Groundwater (%) 

> 2 50 36 14 

2 – 5 37 47 16 

< 5 32 56 12 

Table 2. Parameters used to describe crops and soil hydraulic properties in SWAP model. 

Crop parameters Wheat Maize 

Boesten parameter,  (cm1/2) 0.63 0.63 

Kc values for full crop cover 1.15 1.15 

Maximum rooting depth (cm) 110 100 

Limiting pressure heads (cm) h1= -0.1; h2 = -1.0; h3 = -500; 
h3' = -900; h4 = -16,000 

h1= -30; h2 = -30; h3 = -325; h3' 
= -600; h4 = -8,000 

van Genuchten-Mualem parameters Soil layer 1 Soil layer 2 Soil layer 3 

Depth of layer (cm) 0-30 30-280 >280 

Soil texture Loam Silt loam Loamy sand 

Residual moisture content, ( res) 0.000 0.000 0.028 

Saturated moisture content ( sat) 0.384 0.509 0.400 

Saturated hydraulic conductivity, (Ksat) (cm/d) 60 40 72 

Shape parameter,  (cm-1) 0.0085 0.0090 0.0140 

Shape parameter, n (-) 1.350 1.450 2.663 

Shape parameter,  (-) 1.0 1.0 0.5 

Table 3. Simulation runs performed with MODFLOW model. 

Parameters Options 

Discharge rate (l/s) 4, 8, 16, 24 

Daily operating hours (h/d) 2, 4, 6, 8 

Operational schedule (d) 1, 7, 14, 21 

Table 4. Operational strategies for sustaining fresh groundwater resources. 

Parameters Strategy I Strategy II 

Discharge rate (l/s) 8 8 

Daily operating hours (h/d) 2 4 

Operational schedule (d) 7 14 

Depth of irrigation (mm) 15 30 
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Table 5. Farmers‘ current irrigation practices used for SWAP simulations. 

Crop Sowing Date Date of Irrigation 
(mm) 

Depth of Irrigation (mm) Source of water 

Maize August 23, 2002 Aug 18, 2002* 36.21 Canal water 

  Sep 11, 2002 38.62 Canal water 

  Sep 25, 2002 34.76 Canal water 

  Sep 30, 2002 8.54 Skimmed water 

  Oct 01, 2002 10.67 Skimmed water 

  Oct 03, 2002 33.80 Canal water 

Wheat October 18, 2002 Oct 03, 2002* 36.21 Canal water 

  Nov 07, 2002 41.04 Canal water 

  Nov 20, 2002 8.54 Skimmed water 

  Nov 28, 2002 6.40 Skimmed water 

  Dec 12, 2002 37.18 Canal water 

  Feb 25, 2003 12.81 Skimmed water 

* Pre-sowing irrigation 
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Figure 1. Spatial distribution of composite groundwater quality (0-107 m depth) in the Indus Basin of 

Pakistan. Three classes of groundwater quality were defined for this analysis. The first class 

having quality of less than 1.5 dS/m represent the relatively fresh groundwater zone, whereas 

the next class having quality ranging between 1.5-4.0 dS/m represent the marginal 

groundwater zone. The quality class of more than 4.0 dS/m represents the hazardous 

groundwater zone. 

 

Figure 2. Location of the Chaj Doab. 
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Figure 3. Schematic diagram of a sixteen strainer skimming well used for performing pumping tests in 

the field (Asghar et al. 2002). 

 

 

 

Figure 4. Effect of number of strainers on the discharge rate of skimming wells. 
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Figure 5. Changes in depth to water table and pumped water quality from a skimming well as observed 

in the field. 
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Figure 6. Effect of daily operational hours on the pumped water quality and discharge rate. 
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Figure 7. Effect of different discharge rates on the salinity of pumped groundwater. 

 

Figure 8. Effect of daily operational hours on the salinity of pumped groundwater. 
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Figure 9. Effect of different operational schedules on the salinity of pumped groundwater. 

 

Figure 10. Development of average salinity in the top 1.0 m of the soil profile as influenced by farmers 

current irrigation practices for maize and wheat crops. 
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Figure 11. Temporal development of relative transpiration and average root zone salinity in the top 1.0 m 

of the soil profile as influenced by farmers current irrigation practices for maize and wheat 

crops. 
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Figure 12. Temporal development of average root zone salinity in the top 1.0 m of the soil profile using 

raingun sprinkler system following strategy I (Discharge = 8 l/s, Daily operation hours = 2 and 

operational schedule = weekly). 

 
 
 
 
 
 


