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ABSTRACT 
The quantity and quality of groundwater resources globally 

is threatened by unsustainable water withdrawals and 

consumption. This demand for groundwater is the result of 

rapid population and economic growth, and increasing 

urbanization and commercial agriculture. Groundwater 

recharge is one of the ways for improving groundwater. 

Groundwater recharge can be done artificially or naturally 

The artificial recharge is the augmentation of underground 

aquifers by some methods of construction by artificially 

changing the natural conditions. Recharge is the balance 

between rainfall, evapo-transpiration and filtration 

 

I. INTRODUCTION  
 

GROUNDWATER IMPROVEMENT 

Ground water improvement is very important issue of now a 

days. Since excluding water locked up in ice-caps and glaciers, 

groundwater constitutes 97 percent of the world‘s readily 

available freshwater While historically it has not generally been 

exploited as heavily as surface water, recent large-scale 

development has meant that, today, it forms the foundation for 

social and economic development in many regions, particularly 

developing countries, which account for 71 percent of global 

water withdrawals. 

The quantity and quality of groundwater resources globally is 

threatened by unsustainable water withdrawals and consumption. 

This demand for groundwater is the result of rapid population 

and economic growth, and increasing urbanization and 

commercial agriculture. 

 

Water Bearing Formations 

The hydrogeology of the district is mainly controlled by the 

geology and geomorphology. A wide variation in the geology 

and land forms, in the area, gives rise to different 

hydrogeological conditions. Broadly Dehradun district is divided 

into three hydrogeological units, viz. (1) Himalayan Mountain 

Belt (2) Shivalik zone and (3) Doon Gravels  

 

II. HIMALAYAN MOUNTAIN BELT  
 

Groundwater, in this unit, occurs as disconnected local bodies 

both under confined and unconfined conditions. Quartzite, 

schist, shale, slate, phyllite, compact sandstone, limestone and 

dolomite of Jaunsar, Baliana, Krol and Tal Groups are the main 

rock types. The rock formations are characterized by fissures, 

fractures, veins and joints which provide the secondary porosity. 

The secondary porosity and permeability help forming the local  

 

 

bodies of groundwater. The weathered veneers found on hill 

tops, ridges, spurs etc. give rise to large groundwater  

repositories, under perched conditions. The alluvial deposits of 

fluvial and colluvial origin in the lower reaches of streams/ 

rivers in the form of fans and terraces are highly porous and 

permeable and hold promising areas for groundwater 

exploration. The springs and seepages are the main source for 

hilly areas. The springs show wide variation in discharge 

ranging from 1400 to 1507000 litters/ day. 

                             

III. SHIVALIK ZONE 

 

Groundwater occurs under confined and unconfined conditions 

in this unit. The water levels are comparatively deep. In spite of 

the boulder- conglomerate bed of Upper Shivalik Formation 

being highly porous and permeable most of the water goes as run 

off due to steep slopes and the sediments forming piedmont fans 

dipping into the Intermountain valley. About 70 gravitational 

type springs have been reported which have a varying discharge 

from less than a litre per second to 113 liters/second (0.002 

m
3

/min). The fresh water bearing zones are present in the Upper 

shivalik due to the presence of pebble–gravel–conglomerate–

boulder beds and act as good groundwater reservoirs when 

underlain by the Bhabar or Dun gravels. Exploration has 

revealed that the pebble - boulder and gravel - sand beds of 

Siwalik are capable of yielding copious quantities of water.  
                              

IV. DOON GRAVELS  
 

The intermountain valley portion, of district Dehradun, is 

underlain by alluvial fan deposits. The sediments descend from 

the Lesser Himalayan front as well as well as the North facing 

Siwalik hill slopes. These fan deposits are called as ‗Doon 

Gravels‘ and characterized by boulders and pebbles embedded in 

sandy and silty matrix. The clasts are mainly composed of 

quartzite, sandstone and phyllite, which are mainly derived from 

the Krol belt of the Himalayas Pebbles from Siwalik 

conglomerates are also present in the Doon Gravels.  

Doon Gravels are highly porous and they have a significant 

permeability. Groundwater occurs under unconfined and semi 

confined conditions. The saturated granular zones occur in a 

depth range between 35.50 and 138.68 m bgl. The piezometric 

head ranges from 20.0 to 125.0 mbgl. Transmissivity varies from 

1648.0 to 3500.0 m²/day while the field permeability ranges 

from 5.86 to 104.0 m/day. The discharge from the tube well 

varies from 600 to 3000 lpm for a tapped thickness of 30 to 50 m 

with a drawdown of 2 to 7 m. The hydraulic conductivity, in the 

district, varies from 13to 583 m/day. 
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Groundwater Status – Quantity In recent years due to over 

exploitation of groundwater resources the water level have been 

taken a declining trend it is because of the many factors i.e. 

growing number of tube wells, lower spacing between them and 

high tube well density and also because of the less infiltration 

due to increase in covered areas by buildings, road networks etc. 

Instead of recharging ground water aquifers, rain water goes to 

storm water drains which meet to the major drains and the major 

drains ultimately join the Yamuna River by virtue of which the 

Yamuna gets over flooded and the recharge potential of 

groundwater decreases. Hence, the aquifers do not saturate 

sufficiently, which affects the groundwater quality as well as 

quantity. 

 

V. STUDY OF DEHRADUN  
 

The hydrogeology of the district is mainly controlled by the 

geology and geomorphology. A wide variation in the geology 

and land forms, in the area, gives rise to different 

hydrogeological conditions. Broadly Dehradun district is divided 

into three hydrogeological units, viz. (1) Himalayan Mountain 

Belt (2) Siwalik zone and (3) Doon Gravels 

 

Studies to assess the groundwater potential in Doon valley and 

Bhabar-Tarai belt through exploratory drilling and collection of 

scientific data were taken up by Shri T. S. Raju, Shri M. P. 

Pandey and K.V. RaghavaRao of Exploratory Tube wells 

Organization (ETO) during 1959-1962 and the report was 

released in the form of Bulletins of E T O in 1963. Exploratory 

drilling was carried out at fifteen locations (as on 31.3.2009). 

Ground Water Management Studies were carried by Shri G.D. 

Barthwal in 2001-2002 and Dr.Konga Gopi Krishna in 2007-

2008.So far Five Mass Awareness Programmed have been 

organized at various important location of the district. 

 

 Himalayan Mountain Belt 
Groundwater, in this unit, occurs as disconnected local bodies 

both under confined and unconfined conditions. Quartzite, 

schist, shale, slate, phyllite, compact sandstone, limestone and 

dolomite of Jaunsar, Baliana, Krol and Tal Groups are the main 

rock types. The rock formations are characterized by fissures, 

fractures, veins and joints which provide the secondary 

porosity. The secondary porosity and permeability help forming 

the local bodies of groundwater. The weathered veneers found 

on hill tops, ridges, spurs etc. give rise to large groundwater 

repositories, under perched conditions. The alluvial deposits of 

fluvial and colluvial origin in the lower reaches of streams/ 

rivers in the form of fans and terraces are highly porousand 

permeable and hold promising areas for groundwater 

exploration. The springs and seepages are the main source for 

hilly areas. The springs show wide variation in discharge 

ranging from 1400 to 1507000 liters/ day (Bartarya, 1995) 

 

 

 

 

 

Depth to Water Level 
There are 19 hydrograph stations located in the southern half of 

the district. The northern part is hilly where continuous water 

table is lacking and hence no hydrograph stations in this part. 

Using the data of these hydrograph stations Depth to Water 

maps for pre-monsoon, 2006 and Post monsoon, 2006 are 

prepared. Depth to Water, in the southernmost part of the 

district, ranges between 5 and 10 m. The area close to the hills is 

represented by water table >15 m bgl. The intermediate part has 

DTW in the range between 10 and 15 mbgl. During the post 

monsoon period the 5-10 m and 10-15 m ranges of DTW 

increased and the >15 m group is reduce 

 

Ground Water Resources 
There are six developmental blocks in District Dehradun. Two 

blocks (Chakrata and Kalsi) fall in mountainous terrain where 

the slopes are high and water resources are not estimated for 

these blocks. Water Resources are estimated,  using GEC 1997 

methodology, for Raipur, Doiwala, Sahaspur and Vikas Nagar 

blocks as the topography is by  

and large plain, in these blocks. The block areas are divided into 

command and non-command. Draft for all uses and recharge 

from all sources are calculated for command and non-command 

areas. The Stage of Ground Water Development has been 

worked out by using the formula given below: 

Stage of Ground Water Development= Existing Gross Ground 

Water Draft for all uses/Net Annual Ground Water Availability 

*100 

The block-wise gross groundwater draft, net annual groundwater 

availability, stage of groundwater development and category are 

summarized in Table below.  

 

 

 

 

S.NO. REGION CHARACETR

ISTICS 

BLOCK 

COVERED 

ALTITUD

E 

M(MSL) 

RAINFA

LL 

(MM) 

1. Doon 

valley 

Deep soil, 

Tarai soil, 

Irrigated, 

Fertile, 

Clay soil 

Doiwala

, 

Vikasna

gar 

250-

400 

2000 

2. Foot 

hills/semi 

hills 

Sandy to 

Sandy loam 

soil 

Vikasna

gar, 

Sahaspu

r 

400-

600 

1900 

3. Mid 

hills 

Dry soil, 

rainfed, rocky 

soil 

Raipur, 

Kalsi 

600-

800 

1800 

4. High 

hills 

Dry soil, 

rainfed, rocky 

soil, 

snow fall 

Chakrat

a 

1200-

2300 

2100 
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The stage of groundwater development, for command area, 

ranges from 53.78 to 78.34% while it ranges from 19.23 to 

51.23% for non-command areas. All the four blocks are 

categorized as Safe. 

 

A comparison of the shallow water levels of May, 2006 with the 

decadal average of May have been made . This comparison 

reveals that larger part of the Doon Valley shows a rise in water 

levels between 0 and 2 m. A small area in the SE part of the 

Valley close to the foot hills shows water level decline between 

0 and 2 m. The decadal fluctuation map shows that by and large 

the area has groundwater potential with low development of 

shallow aquifers. 

 

Ground Water Resources 
There are six developmental blocks in District Dehradun. Two 

blocks (Chakrata and Kalsi) fall in mountainous terrain where 

the slopes are high and water resources are not estimated for 

these blocks. Water Resources are estimated,  using GEC 1997 

methodology, for Raipur, Doiwala, Sahaspur and Vikas Nagar 

blocks as the topography is by  and large plain, in these blocks. 

The block areas are divided into command and non-command. 

Draft for all uses and recharge from all sources are calculated for 

command and non-command areas. The Stage of Ground Water 

Development has been worked out by using the formula given 

below: 

Stage of Ground Water Development= Existing Gross Ground 

Water Draft for all uses/Net Annual Ground Water Availability 

*100  The block-wise gross groundwater draft, net annual 

groundwater availability, stage of groundwater development and 

category are summarized in Table below. The stage of 

groundwater development, for command area, ranges from 53.78 

to 78.34% while it ranges from 19.23 to 51.23% for non-

command areas. All the four blocks are categorized as Safe. 

A comparison of the shallow water levels of May, 2006 with the 

decadal average of May have been made . This comparison 

reveals that larger part of the Doon Valley shows a rise in water 

levels between 0 and 2 m. A small area in the SE part of the 

Valley close to the foot hills shows water level decline between 

0 and 2 m. The decadal fluctuation map shows that by and large 

the area has groundwater potential with low development of 

shallow aquifers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil classification of Dehradun 

 

 
 

 
          Figure1. Depth To Water Level Map Of Dehradun 
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Introduction to groundwater and river water interactions 

The groundwater and river water influence each other in a 

variety of ways but these interactions are often difficult to 

quantify. In places where the river or stream is directly 

(hydraulically) connected to groundwater, water may flow into 

or out of the underground aquifer system. To understand 

groundwater and surface water interactions, and how this 

ultimately affects our ecosystems, we need to define some 

concepts first: 

 Base flow: the relatively stable discharge to rivers and 

streams from hydraulically 

Connected aquifer systems, i.e. the volume of these 

direct inputs from underground stay reasonably 

constant. Base flow is a key component of stream flow 

as it maintains discharge between individual rainfall 

events when quick flow becomes the major input. 

 Quick flow: this is the water that enters a stream or 

river following rainfall – it is a 

Combination of direct runoff from the surface, and 

lateral (sideways) movement of water through the soil 

profile. 

The volume of base flow and quick flow contributing to 

individual rivers and streams varies considerably and will 

depend on the physical characteristics of each catchment.  

 

Influences of groundwater quality on surface water quality 

Base flow is important for its role in maintaining surface water 

levels during periods of low flow but it can also have significant 

influence on the quality of surface water, particularly if 

groundwater is exposed to anthropogenic processes. Degraded or 

contaminated groundwater may cause adverse effects for 

ecosystems supported by the receiving surface 

Water bodies, especially during low flow periods when aquatic 

ecosystems may already be 

Under stress. 

Factors influencing groundwater quality include: 

 the source of the aquifer‘s original water supply (eg 

water quality in recharge from rivers or streams is often 

very different to that resulting from infiltration of 

rainfall through overlying soil layers) 

 The volume of water flowing through an aquifer system 

which can act to dilute contaminants. 

 Geochemical interactions between groundwater and the 

physical environment (e.g. Minerals dissolving into 

water from the surrounding rock). In general, the slower 

thereof groundwater flow through an aquifer system the 

more time available for these reactions to occur.     

 Groundwater characteristics that have potential to affect 

surface water quality and associated ecosystems are outlined 

here: 

 

Water temperature– Even in shallow aquifers, groundwater 

temperatures are generally lower than the ambient air 

temperature during summer months. Groundwater base flow 

discharge may therefore have a moderating effect on daily 

temperature variations and help support the life in surface water 

bodies that receive significant base flow discharge. 

 

Nitrogen– Soluble nitrogen primarily occurs in two forms, 

nitrate (NO3-) and ammonia/ammonium (NH3/NH4). At 

elevated levels these compounds can be toxic to aquatic life or, 

in the case of nitrate, promote accelerated aquatic plant growth. 

Nitrogen concentrations in groundwater are typically elevated as 

a result of overlying land use and therefore in some cases base 

flow discharge will be a significant nitrogen input to surface 

Water bodies. 

 

Phosphorus– Most phosphorus associated with land use 

activities (such as adding fertilizer during farming operations or 

from animal effluent) is absorbed within the soil profile and 

consequently only low levels infiltrate the water table. This 

means phosphorus concentrations in surface waters are generally 

the result of direct runoff, or artificial drainage that provide 

direct conduits to water bodies. However, it should be noted that 

Organic forms of phosphorus are potentially more mobile than 

previously realized and that certain soil types (organic soils), are 

less able to absorb phosphorus and stop it leaching to 

groundwater‘s. Specific chemical conditions within groundwater 

may also increase the mobility of phosphorus. Natural water–

rock interactions may also contribute Dissolved phosphorous to 

surface water systems. 

Although base flow discharge can significantly influence surface 

water quality, it is only one of a range of factors that ultimately 

determine water quality at any point within a river System. 

Surface water quality can also be influenced by, processes 

within the stream itself Such as aquatic plant growth, or the 

physical habitat e.g. stream bank vegetation that provides shade 

or bank erosion. In the Southland region available data suggests 

that base flow exerts a significant influence on overall water 

quality in mid to upper catchment areas; however, in lower 

catchment areas water quality is more strongly influenced by in 

stream processes, point source and nonpoint source discharges, 

physical habitat condition, and quick flow. 

 

Controlling Pollution through Water Quality Management 

Efforts to control agricultural pollution must be part of a larger, 

holistic water quality management strategy that provides the 

scientific basis for effective actions, regulatory requirements, 

and voluntary components where regulatory requirements are 

not possible or wise. Adequate data on the amounts and types of 

pollutants reaching surface waters and their impacts on water 

quality must be collected, followed by the application of reliable, 

predictive pollutant-loading and water-quality models. These 

models can be used to support the development of realistic water 

quality goals, develop and assess alternatives, and inform the 

selection of strategies to reduce pollutants. The water quality 

management strategy facilitates the adoption of environmental 

standards—such as water quality standards and watershed 

pollutant loading caps—and the implementation of programs to 

achieve them. 

http://insights.wri.org/aqueduct/2012/08/water-management-requires-global-perspective-local-solutions
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A. Treatment for drinking water production 

Treatment for drinking water production involves the removal of 

contaminants from raw water to produce water that is pure 

enough for human consumption without any short term or long 

term risk of any adverse health effect. Substances that are 

removed during the process of drinking water treatment include 

suspended solids, bacteria, algae, viruses, fungi, and minerals 

such as iron and manganese. 

The processes involved in removing the contaminants include 

physical processes such as settling and filtration, chemical 

processes such as disinfection and coagulation and biological 

processes such as slow sand filtration. 

Measures taken to ensure water quality not only relate to the 

treatment of the water, but to its conveyance and distribution 

after treatment. It is therefore common practice to have residual 

disinfectants in the treated water in order to kill any 

bacteriological contamination during distribution. 

World Health Organization (WHO) guidelines are a general set 

of standards intended to be applied where better local standards 

are not implemented. More rigorous standards apply across 

Europe, the USA and in most other developed countries. 

Followed throughout the world for drinking water quality 

requirements. 

Processes 

Empty aeration tank for iron precipitation 

Tanks with sand filters to remove precipitated iron (not working 

at the time) 

A combination selected from the following processes is used for 

municipal drinking water treatment worldwide: 

 Pre-chlorination for algae control and arresting 

biological growth 

 Aeration along with pre-chlorination for removal of 

dissolved iron and manganese 

 Coagulation for flocculation or slow-sand filtation 

 Coagulant aids, also known as polyelectrolytes - to 

improve coagulation and for thicker floc formation 

 Sedimentation for solids separation, that is removal of 

suspended solids trapped in the floc 

 Filtration to remove particles from water 

 Disinfection for killing bacteria viruses and other 

pathogens. 

Technologies for potable water treatment are well developed, 

and generalized designs are available that are used by many 

water utilities (public or private). In addition, a number of 

private companies provide patented technological solutions. 

Automation of water and waste-water treatment is common in 

the developed world. Capital costs, operating costs available 

quality monitoring technologies, locally available skills typically 

dictate the level of automation adopted. 

Water quality aspects 

As already stated, various biological, chemical and physical 

processes occur in the water during artificial recharge. In most 

recharge works the water is in open contact with the atmosphere 

so that it is aerated, for absorption of oxygen and release, of 

carbon dioxide. Some settling of oxidized organic matter and 

suspended solids occurs, thus forming filter matting of deposited 

material on the bottom of the recharge means. 

As the water enters the infiltration zone impurities are filtered 

out, because all particles larger than the soil pores are retained. 

Active colonies of predatory micro-organisms and bacteria 

develop and feed on the organic matter and other nutrients 

present in the infiltrating water. Most of the bacteria and other 

micro-organisms are removed or retained in the top few 

decimetres of the infiltration zone, and very few are carried 

deeper into the ground than 1-2 m. Suspended solids are 

removed by sedimentation and adsorption on the soil particles. 

There is active oxidation of both organic and inorganic 

compounds. Various colloidal and dissolved impurities are 

retained by adherence on the surfaces of soil particles. The water 

purification processes are more active in the top layer of the 

infiltration zone, and in the filter matting of deposited material 

and microbial life which forms on top of it. After passing the 

infiltration zone, the water percolates downward in the 

underground formation to reach the groundwater table. Initially, 

oxygen is available in the water and further oxidation of organic 

matter occurs. Because of the continuing breakdown of organic 

matter, accumulation of pollutants in the underground should not 

be a problem for small-scale artificial recharge schemes. Die-off 

of bacteria and other micro-organisms continues because most of 

the suitable nutrients have been removed from the water. 

 

Following  are the testing tables for  different quality 

parameters for groundwater sample: 

TABLE NO.1 
 

LOCATIO

N 

 

PH 

 

CONDUC

TIVITY 

 

TURBI

DITY 

 

TDS 

ALKALI

NITY 

Premnagar 7

.7 

760 0.1

8 

486

.4 

298.

679 
Sudhowala 7

.2 

317 8.6

3 

202

.88 

124.

393 
clementown 8 552 5.6

6 

353

.28 

265.

1 
Rajpur 

road 
8

.2 

750 4.3

8 

480 291.

4 
Mohanpur 8

.2 

709 28.

8 

453

.76 

275.

7 
Patelnagar 8

.6 

599 17.

9 

383

.36 

150.

8 
Selaqui 7

.5 

215 88.

6 

137

.6 

76.4

9 
 

TABLE NO.2 

 

LOCATIO

N 

 

NITRI

TE 

 

NITRA 

TE 

 

CHLORID

E 

 

SODIU

M 

 

POTAS

SIUM 

Premnagar 2.3 16.9 3 9.3 0.5 

Sudhowala 2.2 11.6 7.82 10.5 0.5 

Clementow

n 

1.4 7.63 1.75 10.4 1.4 

https://en.wikipedia.org/wiki/Drinking_water
https://en.wiktionary.org/wiki/Purity
https://en.wikipedia.org/wiki/Suspended_solids
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Virus
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Settling
https://en.wikipedia.org/wiki/Filtration
https://en.wikipedia.org/wiki/Chemical_process
https://en.wikipedia.org/wiki/Chemical_process
https://en.wikipedia.org/wiki/Disinfection
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Slow_sand_filter
https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/Water_chlorination
https://en.wikipedia.org/wiki/Aeration
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Polyelectrolyte
https://en.wikipedia.org/wiki/Sedimentation
https://en.wikipedia.org/wiki/Filtration
https://en.wikipedia.org/wiki/Water_industry
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Rajpurroad 5 17.3 9.8 10.2 1.8 

Mohanpur 2.3

3 

11.1

9 

8.8 8.27 0.53 

Patelnagar 2.3

1 

34.8

4 

40.1 25.9

3 

0.29 

Selaqui 1.4 5.6 8.1 15.3 2.89 

 

TABLE no.3 
 

LOCATION 

 

CALCIUM 

 

MAGNESI

UM 

 

SULPHAT

ES 

 

AMMONI

UM 

Premnagar 112 32 65.3 - 

Sudhowala 38.9 7.9 3.6             

- 
Clementown 72.9 23.9 3.25 - 
Rajpur road 115.3 32.1 68.5 0.4 
Mohanpur 104 31 68.5 - 
Patelnagar 26.3 50.08 61.3 0.48 
Selaqui 15.8 8.05 12.1 0.19 

 

Groundwater Quantity Improvement 

Groundwater recharge is best technique to improve groundwater 

quantity. Since year by year, there is a vast reduction in quantity 

of groundwater due to fluctuation in climate and over use of the 

groundwater through pumping wells and hand pumps. 

In Dehradun, whole population is directly and indirectly depend 

upon groundwater. That water is used for drinking as well as 

irrigation purposes. Thus there is also need to improve 

groundwater quantity through artificial recharge structures. 

Benefits of groundwater recharge 

 To maximize storage(long-term & seasonal) 

 Water quality improvement through dilution 

 Preventing saline-water intrusion & land subsidence 

 Reducing reduction volumes from river f low 

 Controlling effects of climate change 

 Maintaining declining ground water levels 

 

Maintenance of Recharge Structures 

Some types of recharge structures require frequent attention to 

maintain their efficiency. This is especially true of injection 

wells and to some extent of pits or shafts where chemical 

treatment and the control of sediment bacteria, algae, and a i r 

entrainment are involved. Other structures may need only 

occasional attention to remove debris, divert contaminants or 

pollutants, and to make mechanical repairs. 

Maintenance generally includes: 

(1) Removing trash and repairing debris guards 

(2) Maintaining filtration, flocculation or other water treatment 

facilities 

(3) Back flushing recharge wells, with or without the use of 

detergents, to removed introduced fine sediment from the aquifer 

(4) Normal structural and mechanical maintenance. 

 

 

 

VI. GROUNDWATER QUANTITY 

IMPROVEMENT TECHNIQUES 
 

Infiltration Ditches, Ponds And Basins 

Ditches, ponds, and basins are used to infiltrate water into 

formations of good permeability which are not overlain by an 

impervious layer. Recovery of the water can be provided by 

collector drains. Ditches are especially used for artificial 

recharge of shallow aquifers, whereas infiltration ponds are more 

suited to relatively large-scale recharge of medium-depth 

formations. For recovery of the water, a battery of wells 

surrounding the pond can be used. Ditches and ponds are 

generally 1-4 m deep which is enough to prevent excessive 

growth of algae or water plants, and shallow enough to prevent 

anaerobic conditions developing except at the bottom. 

 

Dug Wells 

Dug wells are mostly used to withdraw water from shallow or 

medium-depth aquifers of considerable thickness. The depth to 

which a well can be dug largely depends on the groundwater 

level; depths of 10-30 m are common, but deeper wells have 

been dug. The well diameter usually is 1.5-3.0 m; 1.3 m is the 

minimum to allow enough space for the well to be dug. The 

types of geological formations that are suitable for dug wells, 

include sand, gravel, soft sandstone, and soft fractured 

limestone. Except in very stable formations, all dug wells must 

be lined with stones, masonry; concrete cast in situ, precast 

concrete rings, or similar materials. The lining protects the well 

from caving and collapse, and from being filled with crumbling 

soil. In unconsolidated formations, the well should be lined over 

its entire depth, with a perforated, open-jointed, or porous 

section facing the aquifer, whereas in consolidated formations, it 

may be sufficient to line the upper part of the well only. In fine 

sand aquifers, the lining is often extended. 

 
 
          Figure2. Dug well 

 

Collector Drains 

Collector drains, or galleries, are only economical for recovery 

of shallow groundwater, not more th~ 6-8 m below the surface, 

because of the excavation costs. The drain is constructed of 

slotted or porous pipes or pipes laid with open joints .In fine 

sand aquifers, slotted drains and drains with open joints should 

be packed in one or more layers of gravel to prevent fine sand 



INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   
www.ijrtm.com   

89 
Volume 2 Issue 4, JUNE 2016 

 

from entering the drain. The top of the gravel pack should be at 

least 0.5 m below the lowest groundwater level and deeper if 

iron and manganese are present in the water. Collector drains are 

also used in river beds, across or alongside the stream channel, 

for withdrawal of river water in filtrate. 

 

                                  
                                   Figure3. Collector drain 

 

 

RECHARGE WELLS 

 

Where soils or substrata of very low permeability exist between 

the surface and the water table, wells or shafts penetrating the 

strata are the only means of recharge. They also may be installed 

to increase the volume of recharge in connection with other 

recharge measures. 

In some cases, wells that normally are pumped during the      

growing season are used for recharge during other seasons. 

Recharge wells, often referred to as injection wells have been in 

use in almost every part of the U. S. in connection with 

irrigation, heat pumps and salt water intrusion control. 

One effective system for recharge consists of drilling injection 

wells into the aquifer downstream from a dam. Water is then 

conducted from the principal spillway to the wells. The release 

rate or the number of wells are varied to control the rate and 

amount of recharge. In areas of cavernous lime stones and 

sypsum, recharge wells may be placed upstream from a 

floodwater retarding or other structure. The intake should be 

well below the crest of the principal spillway elevation, but 

several feet above the bottom to aid in desilting. Recharge will 

take place automatically when the water reaches the elevation of 

the well inlet. The well intake should be provided with an 

effective trash guard. Besides the thickness and capacity of the 

aquifer, the quality of the injected water is extremely important 

when wells are used. Suspended solids, biological and chemical 

impurities, dissolved a i r and gases, turbulence, and temperature 

of both the aquifer and the injected water will  have an effect on 

the life and efficiency of a well. These are most important in 

aquifers with moderately permeable granular materials. They 

may have little effect on the recharge rates of wells in aquifers 

made up of gravels, cobbles, or cavernous rock, except where 

the water contains excessive amounts of debris or soil materials. 

 

Boreholes 

 

Boreholes are more suitable for groundwater withdrawal from 

greater depths, but are sometimes also used for recovery of 

shallow groundwater. The capacity of boreholes varies from less 

than 1 1/s for small-diameter wells in fine sand aquifers to more 

than 100 1/s for large diameter wells in coarse sand or gravel 

deposits. There are various well drilling methods including auger 

boring, well driving, well jetting, percussion (cable-tool) 

drilling, rotary drilling, and down-the-hole hammer drilling. For 

each location or area, the most suitable method should be 

carefully selected. 

 
                               Figure4.  BOREWELL 

 

 

VII. CONCLUSION 
The quantity and quality of groundwater resources globally is 

threatened by unsustainable water withdrawals and consumption. 

This demand for groundwater is the result of rapid population 

and economic growth, and increasing urbanization and 

commercial agriculture. Degradation of groundwater recharge 

areas, often through development activities and/or changes to 

hydrological regimes, can impact both the quantity and quality 

of recharge infiltrating into aquifers. A major challenge is 

determining the location and boundary of recharge areas and 

then controlling land uses there. Groundwater recharge is the 

replenishment of an aquifer with water from the land surface. It 

is usually expressed as an average rate of mm of water per year, 

similar to precipitation. In addition to precipitation, other 

sources of recharge to an aquifer are stream and lake or pond 

seepage, irrigation return flow (from both canals and fields), 

inter-aquifer flows, and urban recharge. In contrast to natural 

recharge (which results from natural causes); artificial recharge 

is the use of water to replenish artificially the water supply in an 

aquifer. 
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Figure5. Example of a TWO-COLUMN figure caption: (a) this is the format 

for referencing parts of a figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


