Soil and Groundwater Pollution from Agricultural Activities

Unit 3: Groundwater Hydrology


Let ‘h’ be the depth of water at radial distance ‘r’. The area of the vertical cylindrical surface of radius ‘r’ and depth ‘h’ through which water flows is A = 2(r h.

From the Figure 3.7, hydraulic gradient i = dh/dr.

As per Darcy’s equation, Q = A k dh/dr, Q = (2(r) h (k dh/dr).

Rearranging and integrating the above equation:
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Equation 3.16

Radius of influence  (i.e., the radial distance from the center of a well-bore to the point where there is no lowering of the water table or potentiometric surface - the edge of the cone of depression) can be estimated by Sichardt (1930)[image: image1.wmf]  
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Ri = 3000 Do k1/2 

Do = maximum drawdown in meters;

k = coefficient of permeability in m/s.
Confined aquifer

The water in the observation well rises above the top of the aquifer due to pressure and the water level in the test well might rise above the roof level of an aquifer at steady flow conditions (Mutreja, 1995). When h0 > m, radial flow to a well in a confined aquifer is given in Figure 3.9.

Figure 3.9

Confined Aquifer
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In this case, the area of the vertical cylinder ‘r’ will not change, since the depth of the water bearing strata is limited to the thickness m. 

Q = AV










where A = (2(r) ( m and V = k (dh/dr), h0 is the height of the confined aquifer.

The negative sign in Equation 3.8 has been removed, since the origin of ‘r’ has been chosen, as it increases with increasing value of ‘h’.

Q = 2(r km (dh/dr) 




Equation 3.17
Re-arranging:

dh = (Q/2(rkm) dr

Integrating and substituting the boundary conditions h = hw and r = rw:

h – hw = (Q / 2(m k)  ln (r /rw) 



Equation 3.18
or, Q = 2(km(h – hw)/2.303 log (r/rw) 


Equation 3.19
This shows that for a certain discharge, the head ‘h’ increases indefinitely with ‘r’.  Nevertheless, the maximum possible value of h is h0. Hence:

Q = 2(km (h0 – hw)/2.303 log (r0/rw) 


Equation 3.20
3.4.1 
Methods for groundwater yield

Wells are constructed to extract appreciable quantities of groundwater. Occasionally, wells also serve other purposes like subsurface exploration and observation, artificial recharge and other domestic purposes. Shallow wells, generally less than 15m in depth are constructed by digging, boring, drilling, or jetting. Various characteristics of aquifers need to be explored thoroughly before deciding the use of groundwater for large-scale application such as irrigation and other requirements. These are:

· depth of water table;

· status of aquifer (confined or unconfined);

· thickness and spatial (involving an area) distribution of aquifer;

· groundwater movement (direction of flow and flow velocity);

· various properties of aquifer materials, such as texture, porosity, permeability, etc.;

· quality of groundwater.  

In deciding the location and diameter of wells, pumping capacity, size of screen and its location, safe rate of withdrawal, well spacing, etc., exploratory field investigations are required to understand various properties of the aquifer. The various methods of sub-surface exploration are divided into 2 major groups. They are:

· Direct methods: The direct method of subsurface exploration of groundwater is done by auger boreholes. 

· Indirect methods: These include geological mapping, aerial photography, resistivity method, seismic method and tracer method.

3.4.2 
Methods of lifting groundwater for irrigation

There are many methods of lifting groundwater for irrigation, most important of them are:

(i)
Open wells: The simplest device to raise the groundwater is to construct open wells and lift water by manual or mechanical means, such as pumps, persian wheels, etc. These are usually shallow and unlined and are feasible only when the water table is near the ground surface as shown in Figure 3.10.

Figure 3.10

Open Wells

[image: image4.png]Precast concrete or

Cuiting edge or shoe





When the water table is deep, sunk wells with lining are constructed to prevent the collapse of sidewalls. These can be constructed up to 20m depth or more, depending upon the nature of strata and position of the water table. In open wells, there is no strainer to artificially obstruct the flow of sand and silt under increased drawdown head (i.e., the fall in water level inside the well is measured below water table, when water is being pumped out). The yield is therefore limited, as it is proportional to the drawdown head.

(ii)
Tube wells: Wells having perforated tubes or pipes placed in holes, bored into the ground to tap water from one or more aquifers. These can be categorised into shallow and deep tube wells. 

· Shallow tube well: A tube well is termed shallow, when it lifts water from an aquifer lying nearer the ground surface mostly under the free water table condition. For example, an open well or hand pump drawing water from the aquifer nearest to ground surface.

· Deep tube wells: These not only draw water from the nearest aquifer but pierce through other aquifers lying several hundred meters below the ground surface as shown in Figure 3.11.

Figure 3.11

Deep Tube Wells

[image: image5.png]



These wells also remove water from confined aquifers and hence it is considered as an inexhaustible quantum of resource. 

3.4.3
Groundwater for domestic purposes

Groundwater is also taken for domestic purposes and the methods commonly adopted for tapping groundwater for these purposes are described below in brief: 

(i)
Dug wells: It is the oldest and most common method of extracting groundwater. Their depths can be 20 m or less, depending on the position of water table, while diameter ranges from 1 to 10 m. 

(ii)
Bore wells: When water table is at a shallow depth in an unconsolidated aquifer, bore wells can furnish small quantities of water at minimum cost. Bore wells are constructed with hand-operated or power-driven earth augers. 

(iii)
Driven wells: It consists of series of connected pipes driven by repeated impacts into the ground below the water table. Water enters the well through lower end of the well, which is referred as drive point. This consists of a screen protected during driving, by a steel cone at the bottom. Diameter ranges from 3 to 10 cm and depth up to 15m and these are limited to domestic purposes.     


 

3.5 
GROUNDWATER RECHARGE

Practically all groundwater originates as surface water. Principal sources of natural recharge include precipitation, stream flow, lakes and reservoirs. Other contributions known as artificial recharge occur from excess irrigation, seepage from canals, and water purposely applied to augment groundwater supplies. Water within the ground moves downward through the unsaturated zone under the action of gravity (refer Section 3.2.1), whereas in the saturated zone it moves in a direction determined by the surrounding hydraulic situation (refer Section 3.3). 

The recharge rate is controlled by several factors like:

(i)
amount and rate of precipitation not lost to surface runoff and evapotranspiration;

(ii)
initial moisture content or saturation ratio of the soil;

(iii)
elevation of recharge surface relative to the discharge area;

(iv)
horizontal hydraulic conductivity of the aquifer being recharged and its hydraulic gradient, which determine the rate at which recharged water will be carried out of the recharge area;

(v)
vertical hydraulic conductivity of the soil being recharged;

(vi)
presence of man-made alterations to the subsurface, such as drainage  lines that carry water  as run off in surface streams.

Aquifer is recharged naturally either from precipitation, rivers, lakes or adjacent aquifers that flow into the groundwater reservoir.  Recharge estimates can be calculated using mass balance and seepage analyses and piezometric surface geometry.

Natural recharge estimation by mass balance analysis

Natural recharge (in units of volumetric flux per unit area, or length L, over time T) is defined as the inflow to the aquifer resulting from natural infiltration (e.g., precipitation). For mass balance analysis applied to an arbitrarily controlled volume, 
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Equation 3.21

where R = natural recharge (L\T), Ar is the horizontal area of the control volume (L2), (t is the time interval (T), Vin and Vout (L 3) are the volumes of groundwater flowing into and out of the control volume through the horizontal boundaries during (t, ( is the total volume recharged or discharged during (t from other sources such as pumping wells (L3), and (S is the net change in volume of water stored in the control volume during the natural recharge event. 

In order to augment groundwater source, we have to artificially recharge groundwater basins, which is done either by spreading of water or through pumping the water into subsurface formations (geological). Artificial recharge is done not only for water conservation but also for land subsidence.   A variety of methods to recharge groundwater artificially have been developed, which we will discuss next.

(i)
Spreading basins: Recharge by spreading basins is most effective when there are no impeding layers between the land surface and the aquifer and where clear water is available for recharge; however, more turbid water can be tolerated than with well recharge. For effective artificial recharge, highly permeable soils are suitable and maintenance of a layer of water over the highly permeable soils is necessary. The common problem in recharging by surface spreading is clogging of the surface material by suspended sediment in the recharge water or by microbial growth.

(ii)
Recharge pits and shafts: Often areas of low permeability lie between the land surface and water table. In such situations, artificial recharge systems such as pits and shafts (circular, rectangular or square cross section and backfilled with porous material) could effectively penetrate the less permeable strata in order to access the dewatered aquifer. Recharge rates in both shafts and pits may decrease with time due to accumulation of fine-grained materials and the plugging effect brought about by microbial activity. 

(iii)
Ditches: This could be described as a long narrow trench, with the bottom width less than its depth. A ditch system can be designed to suit the topographic and geologic conditions that exist at a given site. The ditches could terminate in a collection ditch designed to carry away the water that does not infiltrate in order to avoid ponding and to reduce the accumulation of fine material.

(iv)
Recharge wells: Recharge or injection wells are used to directly recharge water in deep water-bearing zones. Recharge wells could be constructed through the material overlying the aquifer, and if the earth materials are unconsolidated, a screen can be placed in the well in the zone of injection. In some cases, several recharge wells may be installed in the same borehole. Recharge wells are suitable only in areas where a thick impervious layer exists between the surface of the soil and the aquifer to be replenished. 

(v)
Enhanced streambed infiltration (induced infiltration): This method of induced recharge consists of setting a gallery or line of wells parallel to the bank of a river at a short distance from it. Without the wells, there would be unimpeded outflow of groundwater to the river. When small amounts of groundwater are withdrawn from the gallery parallel to the river, the amount of groundwater discharged into the river decreases. The water recovered by the gallery consists wholly of natural groundwater.

 (vi)
Conjunctive wells: Conjunctive well is one that is screened in both a shallow confined aquifer and a deeper artesian aquifer. Water is pumped from the deeper aquifer and if its potentiometric surface is lowered below the shallow water table, water from the shallow aquifer drains directly into the deeper aquifer.

In this Section, we discussed various methods to recharge groundwater. Now we will discuss their potential merits and demerits.

Artificial recharge has several potential advantages: 

· The use of aquifers for storage and distribution of water and removal of contaminants by natural cleaning processes which occur as polluted rain and surface water infiltrate the soil and percolate down through the various geological formations.

· Groundwater recharge stores water during the wet season for use in the dry season, when demand is highest. 

· In many river basins, control of surface water runoff to provide aquifer recharge reduces sedimentation problems. 

· Recharge with less-saline surface water or treated effluents improve the quality of saline aquifers, facilitating the use of the water for agriculture and livestock.

Artificial recharge has some disadvantages:

· There is a potential for contamination of the groundwater from injected surface water runoff, especially from agricultural fields and road surfaces. In most cases, the surface water runoff is not pre-treated before injection. 

· Recharge can degrade the aquifer unless quality control of the injected water is adequate. 

· Unless significant volumes can be injected into an aquifer, groundwater recharge may not be economically feasible;

· During the construction of water traps, disturbances of soil and vegetation cover may cause environmental damage to the project area.


SUMMARY

Groundwater is an important source of freshwater and more than 50 % of the population uses this as a primary source for drinking. Being an important part of water cycle, it is necessary to understand the flow pattern of groundwater and surface water. Rock properties decide the storage and transport of water in different zones. In this Unit (i.e., Unit 3), we discussed the groundwater hydrology, the occurrence and distribution of groundwater – subsurface distribution, in both areal and vertical extents. Also, we understood the geologic zones important to groundwater and their structure in terms of water holding and water yielding capabilities. The groundwater in natural state is invariably moving governed by established hydraulic principles. We discussed groundwater movement along with underlying hydraulic principles governing the movement. Then we introduced you to the aspects of groundwater yield and discussed methods of groundwater yield. Next, we discussed about groundwater recharge, which include both natural and artificial methods. Finally, we listed the advantages and disadvantages associated with artificial recharging.
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Unit 3


Model Answers to Learning Activities
LEARNING ACTIVITY 3.1
Groundwater constitutes one portion of the hydrological cycle (earth’s water circulatory system). Vast quantities of water are stored below the surface of the earth (an estimated 80 million km3 of water, half of which may be at a depth less than 800m). Groundwater is the source of water in wells, springs and entering streams. It provides stable baseflow, which largely maintains the supply of water in rainless periods. Groundwater is replenished by rainwater, which soaks or infiltrates down through the soil. When this water reaches the underground ‘water table’, it begins a long, slow journey, moving at rates ranging from a few millimeters to a few meters per day. It flows through rock and soil layers of the earth until it discharges as a spring or seeps into a stream, lake or ocean. Water is also intercepted by the leaves of plants (transpiration) or held in the upper layers of the soil, evaporating into the atmosphere (evapotranspiration). The water that has moved through the soil and plants is once again warmed by the sun, changing it into water vapour, then a cloud, and the water ultimately falls on the earth as precipitation (hydrological cycle).

LEARNING ACTIVITY 3.2
The subsurface occurrence of groundwater may be divided into zones of aeration and saturation. The zone of aeration consists of interstices occupied partially by water and partially by air. The zone extends from ground down through the major root zone. This zone can be subdivided into soil-water zone, intermediate zone and capillary zone. The amount of water present in the soil-water zone depends primarily on the exposure of the soil to moisture and consists of dissolved substances (both solids and gases) and colloidal substances. The intermediate vadose zone serves primarily as a region connecting the zone near ground surface with that near the water table through which water moving vertically downward must pass. Temporary excess of water migrates downward as gravitational water. Capillary zone extends from the water table up to the limit of capillary rise of water. Surface tension holds the capillary water.

In the zone of saturation, groundwater fills all of the interstices; hence, the effective porosity provides a direct measure of the water contained per unit volume. A portion of the water can be removed from subsurface strata by drainage or by pumping of a well; however, molecular and surface tension forces hold the remaining water in place.

LEARNING ACTIVITY 3.3
The properties associated with storage function are porosity, specific yield, specific surface, specific storage, specific coefficient and specific retention.

LEARNING ACTIVITY 3.4
The different methods of lifting groundwater are given below.

For irrigation:

· Open wells; 

· Tube wells - can be further categorised into shallow tube well and deep tube well.

For domestic purposes:

· dug wells;

· bore wells; 

· driven wells.

LEARNING ACTIVITY 3.5
Yes, I do suggest artificial recharge for our locality. Bangalore receives most of its water from river Cauvery. I reside in ward no. 89 of Bangalore, Karnataka and it has been only a few years since the municipal corporation acquired it. The chief source of water supply in our locality is groundwater, which is lifted by borewells. Ours is a fast developing residential area and borewells are dug to cater to the demands of the population. As a result there has been a lowering of the groundwater table, which has caused water scarcity in our area. Borewells upto a depth of 80-100 meters have been dug. This has brought about a need for artificial recharge in our locality. Also it will take another 3 or 4 years for the municipality to supply Cauvery water to our locality, hence we have to rely on groundwater for our water supplies.












































































(LEARNING ACTIVITY 3.4





List the different methods of lifting groundwater.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 3.5





Do you suggest artificial recharge for your locality? Justify.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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