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Water Resources and Irrigation Engineering                                                              

Unit – II 

Ground Water and Well irrigation:Confined and unconfined aquifers, aquifer properties, hydraulics of wells 

under steady flow conditions, infiltration galleries. Ground water recharge-necessity and methods of 

improving ground water storage. Water logging-causes, effects and its prevention. Salt efflorescence causes 

and effects. Reclamation of water logged and salt affected lands. Types of wells, well construction, yield 

tests, specific capacity and specific yield, advantages and disadvantages of well irrigation. 

 

Confined and unconfined aquifers: 

An unconfined aquifer is close to the land surface, being under the direct influence of the climatic factors 

(precipitations mainly, but temperature also). The groundwater fluctuations follow with a certain lag, 

depending on the depth and the nature of the unsaturated zone, the variation of the fallen precipitations. 

The unconfined aquifers extend from the water table to the base of the aquifer, represented by an 

impermeable boundary. Most of the unconfined aquifers are formed by highly permeable layers (gravel, 

coarse or medium sand) and less permeable formations (silt or clay) that do not cut the hydraulic continuity 

of the permeable layers on a regional level. 

 
A confined aquifer is overlain by a confining layer (Figure 9.2), which is generally semi-pervious, allowing 

vertical fluxes between the adjacent layers. 

Unconfined aquifer, confined aquifer and confining layer 

Unless an irrational abstraction, the confined aquifers are under pressure; this means that the water level in 

a piezometric well will rise above the top of the aquifer 

 

Aquifer properties: 

The levels to which the water from the confined aquifer rises define the piezometric or the potentiometric 

surface. The potentiometric surface can be under the top of the semi-pervious layer, above it but under the 

water table of the unconfined aquifer overlying it, or finally above the water table. A special case is when 

the potentiometric surface is above the ground level, the well penetrating the confined aquifer being 

artesian. The differences in hydraulic head between the unconfined and the confined aquifer lead to vertical 

fluxes directed from the aquifer having the upper value to the aquifer with the lower value of the hydraulic 

head. The vertical water transfer is called leakage and will thus be directed upward or downward. 

 

Infiltration galleries: 
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An infiltration gallery is a structure including perforated conduits in gravel to expedite transfer of water to 

or from a soil aquifer.Infiltration galleries may be used to collect water from the aquifer underlying a river. 

Water from an infiltration gallery has the advantage of bank filtration to reduce the water 

treatment requirements for a surface withdrawal. An infiltration gallery may also be the best way to 

withdraw water from a thin aquifer or lens of fresh water overlying saline water. 

 
 

Methods of improving ground water storage: 

A variety of methods have been developed and applied to artificially recharge groundwater reservoirs in 

various parts of the world. Generally these methods are classified as surface and subsurface groundwater 

recharge. 

Direct surface recharge techniques are among the simplest and most widely applied methods. Subsurface 

groundwater recharge conveys water directly into an aquifer without the filtration or oxidation that occurs 

when water percolates naturally through an unsaturated zone. 

Direct Surface Groundwater Recharge 

With direct groundwater recharge water moves from storage aboveground to the aquifer via 

soil percolation. Most of the existing large-scale artificial recharge schemes in Western countries make use 

of this technique,which typically employs infiltration basins (spreading basins) to enhance the 

natural percolation of water into the ground. Field studies of spreading techniques have shown that, of the 

many factors governing the amount of water that will enter the aquifer, the area of recharge and length of 

time that water is in contact with soil are the most important. In general direct surface recharge systems 

based on percolation have relatively low construction costs and are easy to operate and maintain. 

Spreading Basins: 

This method involves surface spreading of water in basins that are excavated in the existing terrain. For 

effective artificial recharge, highly permeable soils are required and maintenance of the water layer above 

the soil surface is necessary. Recharge in spreading basins is most effective where there are no impending 

layers between the land surface and the aquifer and where clear water is available for recharge. In addition 

this method tolerates more turbid water than any well recharge methods does. 
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Recharge Pits and Shafts: 

Shafts can have circular, rectangular, or square cross sections and may be backfilled with porous material 

enhancing the percolation process and preventing the stagnation of the water (which can lead to insect 

breading). The shaft may end above the water table or reach below the water table and serve as hydraulic 

connector. 

 

Ditches: 

Ditches are similar to spreading basins but they have a different shape. A ditch can be described as a long 

narrow trench, its bottom width being less than its depth. A ditch system can be designed to suit the 

topographic and geologic conditions that exist at a given site (O'HARE et al. 1986). Water fills up in the 

ditches and percolates naturally through the soil. 

 

Other Recharge Techniques: 

 

Another method of artificially recharging groundwater is to use permeable pavements,which allows 

water surface runoff (e.g. storm water) to trickle underground, rather than allowing it to pool on the surface 

and evaporate. 

 

Flood irrigation of surface water applied to surrounding farmlands is also a vital source of groundwater 

recharge. As agricultural land is converted to urban use, identifying sites for additional groundwater 

recharge is essential to keep water supplies balanced (water consumption of urban areas are generally 

lower, but impact of deep percolation from flood irrigation is lost. 

 

Water logging-causes, effects and its prevention: 

 

Definition: 

When the conditions are so created that the crop root-zone gets deprived of proper aeration due to the 

presence of excessive moisture or water content, the tract is said to be waterlogged. To create such 

conditions it is not always necessary that under groundwater table should enter the crop root-zone. 

Sometimes even if water table is below the root-zone depth the capillary water zone may extend in the 

root-zone depth and makes the air circulation impossible by filling the pores in the soil. 

The waterlogging may be defined as rendering the soil unproductive and infertile due to excessive moisture 

and creation of anaerobic conditions. The phenomenon of waterlogging can be best understood with the 

help of a hydrologic equation, which states that 

Inflow = Outflow -I- Storage 

 

Here inflow represents that amount of water which enters the subsoil in various processes. It includes 

seepage from the canals, infiltration of rainwater, percolation from irrigated fields and subsoil flow. Thus 

although it is loss or us, it represents the amount of water flowing into the soil. 

The term outflow represents mainly evaporation from soil, transpiration from plants and underground 

drainage of the tract. The term storage represents the change in the groundwater reservoir. 
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Causes of Waterlogging: 

After studying the phenomenon of waterlogging in the light of hydrologic equation main factors which help 

in raising the water-table may be recognised correctly. 

They are: 

 

i. Inadequate drainage of over-land run-off increases the rate of percolation and in turn helps in 

raising the water table. 

 

ii. The water from rivers may infiltrate into the soil. 

 

iii. Seepage of water from earthen canals also adds significant quantity of water to the underground 

reservoir continuously. 

iv. Sometimes subsoil does not permit free flow of subsoil water which may accentuate the process 

of raising the water table. 

 

v. Irrigation water is used to flood the fields. If it is used in excess it may help appreciably in raising 

the water table. Good drainage facility is very essential. 

 

 

Effects of Waterlogging: 

The waterlogging affects the land in various ways. The various after effects are the following: 

1. Creation of Anaerobic Condition in the Crop Root-Zone: 

When the aeration of the soil is satisfactory bacteriological activities produce the required nitrates from the 

nitrogenous compounds present in the soil. It helps the crop growth. Excessive moisture content creates 

anaerobic condition in the soil. The plant roots do not get the required nourishing food or nutrients. As a 

result crop growth is badly affected. 

 

2. Growth of Water Loving Wild Plants: 

When the soil is waterlogged water loving wild plant life grows abundantly. The growth of wild plants 

totally prevent the growth of useful crops. 

 

3. Impossibility of Tillage Operations: 

Waterlogged fields cannot be tilled properly. The reason is that the soil contains excessive moisture content 

and it does not give proper tilth. 

 

4. Accumulation of Harmful Salts: 

The upward water movement brings the toxic salts in the crop root-zone. Excess accumulation of these salts 

may turn the soil alkaline. It may hamper the crop growth. 

5. Lowering of Soil Temperature: 

The presence of excessive moisture content lowers the temperature of the soil. In low temperature the 

bacteriological activities are retarded which affects the crop growth badly. 
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6. Reduction in Time of Maturity: 

Untimely maturity of the crops is the characteristic of waterlogged lands. Due to this shortening of crop 

period the crop yield is reduced considerably. 

  

Salt efflorescence causes and effects: 

Efflorescence is purely the result of natural laws, and is the direct outcome of the situation of the brickwork, 

which causes large irregular shaped patches of a whitish mould, formed on the surface of the wall, and thus 

disfigures its appearance. Efflorescence is produced by the entrance of moisture to the interior of the 

brickwork, which usually contains various soluble salts. 

 

These salts are dissolved by the water and issuing from the pores of the bricks, they crystallise on its surface 

and or within the bricks in the form of mould, causing disintegration of the brickwork which persists until in 

time it becomes exhausted and gradually dries away. The only means by which this can be remedied is to 

prevent water or moisture soaking into the brickwork and dissolving the salts. 

 

Causes of Efflorescence: 

Causes of efflorescence are the entering of moisture into the brickwork and soaking it to saturation. The 

moisture, once finding its way into the brick, travels upwards due to capillary action till it is prevented by 

any water proofing barrier. 

 

Reclamation of water logged and salt affected lands 

Water logged areas can be reclaimed by following certain techniques. 

1. Proper Drainage System 

Farmers should have adequate surface drainage facilities to remove excess water from their fields. The 

surface runoff and subsoil drainage of water should not be so slow. During rainy season efforts should be 

made not to retain water on soil surface. 

 

2. Using Tube Wells 

A tube well is an ideal device to lower the level of water in water logged areas. Tube wells have the 

capability to draw out of the earth large quantities of water continuously. It is a good technique to reclaim 

water logged areas by installing tube wells. 

 

3. Lining of Canals 

In order to minimize water logging, concrete lining of canals and other water channels should be done. It 

will be helpful not only in controlling water logging but also in saving useful irrigation water. 

 

 

4. Water Management 

Farmers should be educated about water management. Use of excessive irrigation water for cultivation of 

certain crops should be avoided. Modern irrigation techniques like drip irrigation should be adopted. 

 

5. Tolerant Crops 
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Crops like rice, oats, etc should be preferred in water logged areas. Because rice require more moisture for 

its growth. 

 

6. Tolerant Trees 

Trees like Eucalyptus, willows, etc should be planted in water logged areas because of its high moisture 

requirement. 

 

Reclaiming of salt affected land: 

Salt leaching 

The amount of crop yield reduction depends on such factors as crop growth, the salt content of the soil, 

climatic conditions, etc. In extreme cases where the concentration of salts in the root zone is very high, crop 

growth may be entirely prevented. To improve crop growth in such soils the excess salts must be removed 

from the root zone. The term reclamation of saline soils refers to the methods used to remove soluble salts 

from the root zone. Methods commonly adopted or proposed to accomplish this include the following: 

Scraping: Removing the salts that have accumulated on the soil surface by mechanical means has had only a 

limited success although many farmers have resorted to this procedure. Although this method might 

temporarily improve crop growth, the ultimate disposal of salts still poses a major problem. 

Flushing: Washing away the surface accumulated salts by flushing water over the surface is sometimes used 

to desalinize soils having surface salt crusts. Because the amount of salts that can be flushed from a soil is 

rather small, this method does not have much practical significance. 

Leaching: This is by far the most effective procedure for removing salts from the root zone of soils. Leaching 

is most often accomplished by ponding fresh water on the soil surface and allowing it to infiltrate. Leaching 

is effective when the salty drainage water is discharged through subsurface drains that carry the leached 

salts out of the area under reclamation. Leaching may reduce salinity levels in the absence of artificial drains 

when there is sufficient natural drainage, i.e. the ponded water drains without raising the water table. 

Leaching should preferably be done when the soil moisture content is low and the groundwater table is 

deep. Leaching during the summer months is, as a rule, less effective because large quantities of water are 

lost by evaporation. The actual choice will however depend on the availability of water and other 

considerations. In some parts of India for example, leaching is best accomplished during the summer 

months because this is the time when the water table is deepest and the soil is dry. This is also the only time 

when large quantities of fresh water can be diverted for reclamation purposes. 

 

 

Types of wells: 

Drilled wells: 

Drilled wells are constructed by either cable tool (percussion) or rotary-drilling machines. Drilled wells that 

penetrate unconsolidated material require installation of casing and a screen to prevent inflow of sediment 

and collapse. They can be drilled more than 1,000 feet deep. The space around the casing must be sealed 

with grouting material of either neat cement or bentonite clay to prevent contamination by water draining 

from the surface downward around the outside of the casing. 
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Driven wells: 

Driven wells are constructed by driving a small-diameter pipe into shallow water-bearing sand or gravel. 

Usually a screened well point is attached to the bottom of the casing before driving. These wells are 

relatively simple and economical to construct, but they can tap only shallow water and are easily 

contaminated from nearby surface sources because they are not sealed with grouting material. Hand-driven 

wells usually are only around 30 feet deep; machine-driven wells can be 50 feet deep or more. 

 
 

Dug wells: 

Historically, dug wells were excavated by hand shovel to below the water table until incoming water 

exceeded the digger’s bailing rate. The well was lined with stones, bricks, tile, or other material to prevent 

Downloaded from www.rgpvnotes.in

Page no: 7 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


Water Resources and Irrigation Engineering                                                              

collapse, and was covered with a cap of wood, stone, or concrete tile. Because of the type of construction, 

bored wells can go deeper beneath the water table than can hand-dug wells. Dug and bored wells have a 

large diameter and expose a large area to the aquifer. These wells are able to obtain water from less-

permeable materials such as very fine sand, silt, or clay. Disadvantages of this type of well are that they are 

shallow and lack continuous casing and grouting, making them subject to contamination from nearby 

surface sources, and they go dry during periods of drought if the water table drops below the well bottom. 

 
 

Well construction: 

The initial investment for a properly designed and constructed well pays off by ensuring: 

 A reliable and sustainable water supply consistent with your needs and the capability of the aquifer 

 Good quality water that is free of sediment and contaminants 

 Increased life expectancy of the well 

 Reduced operating and maintenance costs 

 Ease of monitoring well performance. 

 

Choosing a Well Site 

 The well is accessible for cleaning, testing, monitoring, maintenance and repair 

 The ground surrounding the well is sloped away from the well to prevent any surface run off from 

collecting or ponding 

 The well is up-slope and as far as possible from potential contamination sources such as septic 

systems, barnyards or surface water bodies 

 The well is not housed in any building other than a bona fide pump house. 

 

Well Design Considerations 

Well design and construction details are determined after a test hole has been completed and the 

geological zones have been logged. There are many components to well design the driller must take into 

account. Decisions will be made about: 

 Type of well 
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 Intended use 

 Well depth 

 Casing material, size and wall thickness 

 Intake design 

 Annular seal 

 Monitoring and preventive maintenance provisions. 

 

Well Depth 

During the test hole drilling, the licensed water well contractor will complete a lithological or formation log. 

Soil and rock samples are taken at various depths and the type of geologic material is recorded. This allows 

the driller to identify zones with the best potential for water supply. Some drillers also run a geophysical 

(electric) log in the test hole to further define the geology. This gives them more accurate information about 

aquifer location. Generally a well is completed to the bottom of the aquifer. This allows more of the aquifer 

to be utilized and ensures the highest possible production from the well. 

 

Types of Wells 

There are two main types of wells, each distinguished by the diameter of the bore hole. The two types are 

bored wells and drilled wells. 

 

Casing Size and Type 

Decisions about the diameter and type of well casing are made after the driller considers the following: 

 Aquifer characteristics 

 Hydraulic factors that influence well performance 

 Drilling method 

 Well depth 

 Cost (in discussion with the well owner). 

The casing must be large enough to house the pump and allow sufficient clearance for installation and 

efficient operation. 

 

Yield tests: 

A Well Yield Test is a timed-test to determine how many gallons per minute a well system can produce. A 

Well Yield Test will show: A functioning well pump and pressure tank. If a well is running dry or lacks 

sufficient recuperation.It is well known that under the favorable condition water tries to maintain its own 

level. Hence, it is obvious that the level of water in a well approximately indicates the level of waters table 

under normal conditions of no withdrawal. As the water is pumped out or withdrawn from the well the 

level of water in the well falls more quickly than the ground water level and consequently if forms a cone of 

depression. The difference of level of waters table and the water level in the well now is called a head of 

depression. 

 

Actually under this head water percolates into the well through soil pores. Naturally when depression head 

is more the rate of water contribution to the well will also be more. If the depression head goes on 

increasing, due to continued water withdrawal from the well then a time may come when the increased 

Downloaded from www.rgpvnotes.in

Page no: 9 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


Water Resources and Irrigation Engineering                                                              

velocity will dislodge the soil particles. At this stage the percolating water brings soil particles with it in the 

well. Naturally this stage is critical and hence various terms, for example, depression head, rate of 

percolation, (it is also termed yield of well and is expressed in cubic metres per hour or in litres per minute) 

velocity of percolation are prefixed with the term critical. 

It is very essential that the critical depression head should not be allowed to reach or be allowed to exceed 

for a particular well withdrawal as after that it may create unstable conditions for the well structure. 

Sufficient margin of safety or a factor of safety should be provided (Generally factor of safety is 3 to 4). 

 

It should be noted now that whenever “yield of well” is referred to, its means maximum safe yield unless 
otherwise stated. Yield of well is the rate at which water percolates into the well under the safe maximum 

working head or critical depression head. It is expressed in m3/hr or It/min. The yield of open well can be 

determined by any one of the two methods, namely, pumping test and recuperation test. 

 

Specific capacity 

The amount of water furnished under a standard unit head: the amount of water that is furnished under 

unit lowering of the surface of the water in a well by pumping. 

Specific capacity is a quantity that which a water well can produce per unit of drawdown. It is normally 

obtained from a step drawdown test. Specific capacity is expressed as: 

 Sc=Q/ho-h 

Where 

          Sc is the specific capacity ([L2T−1]; m²/day or USgal/day/ft) 

         Q is the pumping rate ([L3T−1]; m³/day or USgal/day), and 

 ho-h is the drawdown ([L]; m or ft) 

The specific capacity of a well is also a function of the pumping rate it is determined at. Due to non-linear 

well losses the specific capacity will decrease with higher pumping rates. This complication makes the 

absolute value of specific capacity of little use; though it is useful for comparing the efficiency of the same 

well through time 

 

Specific yield: 

Specific yield is defined as the volume of water released from storage by an unconfined aquifer per unit 

surface area of aquifer per unit decline of the water table. 

 

Advantages and disadvantages of well irrigation: 

Advantages: 

1. Whenever necessity is felt, in any tract locally, well may be sunk to start open well irrigation. Much 

consideration need not be given to any of the other factors which are given proper weightage while 

introducing canal irrigation. 

2. There is no need of constructing many and expensive hydraulic structures. The cost of well irrigation 

project is therefore much less. 

3. When the water is withdrawn from the subsoil formation by means of wells the waters table obviously 

lowers and water-logging of the land is prevented. 

4. The water is used more economically as cultivator has to put in labour for lifting water. 
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5. The water can be used at any time depending upon the choice of cultivator and water needs of crops. 

6. As the water is assured for whole of the year, provided groundwater conditions are favorable, two to 

three corps can be grown on the same field in one year. 

7. Maintenance cost of a well is less. Also as the well is situated usually in the middle of the field water 

losses in transit are less. 

8. By constructing number of wells in any tract intensive irrigation of some valuable crops can be done. 

9. In well irrigation duty realized is higher. 

10. Well water irrigates the un-commanded patches of the culturable land in the canal irrigated tract. Thus 

it assists the canal irrigation. 

11. Well water is cooler in summer season and warmer in winter season. This water when applied to the 

crops, tries to neutralize the bad effects of the hot or cold season. 

 

Disadvantages: 

1. To make the water available for irrigation purposes it is necessary to lift it from underground. For lifting 

the water power is required. Thus the well irrigation is much dependent on the availability of power or 

trouble free working of the machinery which is very rare thing. 

2. Sometimes cost of well water is so high that the returns obtained from it are not justifiable. 

3. Availability of water from the wells depends on groundwater storage. The discharge from well is low and 

area commanded is less. 

4. The water in well is static and therefore it is free of suspended silt. Water carrying silt together with some 

useful suspended salts is very beneficial to the crops. Well water thus lacks in this respect. 
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