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CHAPTER ï 1 

 

INTRODUCTION  

Water is called the life stream of a community. The supply of safe water to the community in 

adequate quantity and quality is one of the important responsibilities of a civic body. 

1.1 Objective: 

The overall project development objective is to assist Government of  Punjab in 

improving the quality of rural water supply and sanitation service delivery to achieve 

sustainability of investments. Specifically the objectives would be to institutionalize on a 

significant scale, decentralization of Rural Water Supply and Sanitation (RWSS) service 

delivery to Gram Panchayats and user group and build the Stateôs capacity to scale up the 

new decentralized services delivery model statewide. 

The Punjab Rural Water Supply and Sanitation Sector Improvement Programme , aims at 

improving the quality of life in rural area by RWSS service standards. The project will 

adopt a demand response approach and use of participatory process and change the role 

of Government at all levels from direct service provider to that of a facilitator.  

In the Punjab Rural Water Supply and Sanitation (RWSS) sector, present 

key issues are: 

1) Poor operational performance of existing RWSS facilities due to lack of funds 

coupled with declining ground water sources and deteriorating/poor water 

quality. 

2) Poor sanitation coverage and poor management of existing facilities. 

Some of the above issue can be traced to inadequate planning and designing of 

the existing Rural Water Supply and Sanitation facilities. 

1.2 Objectives of the technical manual: 

The main objective of this technical manual is to develop guidelines to plan, 

design, construction, operation and maintenance of water supply and sanitation 

facilities to be developed/strengthened under the project. The technical manual is 

produced in a user friendly manner with simple text, sketches / drawings, type 

designs, rate analysis, estimates etc. 

1.3 Scope of the Technical Manual: 

The technical manual contains: The significance of water quality, population 

forecast, design criteria for all technology options for Rural Water Supply and 

Sanitation schemes, requirements, procedures and guidelines for selection of 

sources for water supply, methods of field survey and investigations along with 

guidelines for planning ground water recharge facilities. 

Requirements, contents and formats for preparation of Preliminary Scheme 

Report (PSR), Detailed Scheme Report (DSR), Standard designs, drawings, cost 

estimates and specifications for typical work & installations proposed under the 

project such as water supply, sanitation (latrines), lane improvements, drains and 

other works 

1.4 Methodology to be adopted for preparation of estimates: 

Common  schedules of rates used by  the Water Supply department along with 

latest ceiling premium shall be used to obtain rates of items covered in the 

common schedule of rates. However market rates items/goods not covered in 

CSR shall be obtained by committee  of officers from the current price list  issued 
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by by reputed manufacturers will be basis for preparation of cost estimates.  For 

the sake of uniformity for plain, kandi, water logged areas analysis of the rates 

should be prepared and circulated either at zone level or jointly for all zones for 

estimating purpose only. Water Supply and Sewerage project shall be carried by 

single responsibility contract system.ò However, wherever field conditions 

warrant more than one package, approval of the concerned Chief Engineer should 

be accorded citing reasons for the same and a copy of the same should be sent to 

the Programme Director for record by the concerned Chief Engineer.No 

centralized purchase of machinery pipes etc shall be carried out . No rate contract 

shall be carried out with manufacturers or suppliers of materials to be used in the 

water supply and sanitation  project.  

Inspection /Testing  to be done  by the engineers  to ensure the goods and works 

are in conformity with the specification. 

Engineer-in-charge wherever feels necessary for testing of the construction 

material and untreated / treated effluent the same shall be got tested from nearest 

NABL approved laboratory which can be traced from the internet. Quality of 

water sources, shall be got tested from the DWSS laboratory. 

1.4.1 Who can use the Manual? 

This manual is meant for the following categories of users: 

Á Gram Panchayat functionaries and GPWSC members involved in planning and 

implementing the project. 

Á Govt. agencies and consultants involved in planning and implementing the 

project. 

Á Agencies / persons involved in technical administration approval of the project. 

Á Non-government Organization and Support Agencies involved in planning and 

implementing the project. 

Besides this, manual can also be used as a guide for conducting training programs 

for the above functionaries.  

1.5 Limitations for Manual: 

The use of the manual is limited to the World Bank Assisted Punjab Rural Water Supply 

and Sanitation Sector Improvement Programme with the project philosophy, design criteria and 

site-specific conditions of the project villages. This manual is an attempt to start the project 

activities and learning from the project implementation, the guidelines contained in this manual 

will be modified, if necessary, as the project implementation proceeds.  
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CHAPTER-2 

WATER SUPPLY 

 

 This chapter contains the basic design criteria for rural water supply systems, significance 

of water quality, quality standards, scientific selection of sources and assessment of yield of water 

from sources. 

 

2.1 Basic Design Criteria 

 

The basic minimum design criteria to be followed in this project are discussed below. 

(See Annexure -B) 

 

2.1.1 Per Capita Supply :  

 

 The design per capita supply shall be of  @70 Lpcd (with addition of 15% as water losses) 

for all types  villages. However if any habitation / village wants to design water supply scheme at 

higher per capita water supply rate they   shall be allowed to do so with the condition that it bear 

all the incremental cost required in addition to basic  10% share .  Water demand shall be 

calculated for the projected population for the design period of the project which is 30 years for 

rising main and distribution lines and 15 years for  water works structures and machinery.  

 In a community water supply system, the O & M cost is to be  borne by the users. To make the 

scheme self sustainable, the community shall be  encouraged to have house connections so that 

maximum revenue is realized from the users. 

 In fluoride affected areas or in water scarcity areas, the minimum per capita supply can be 

modified after discussion with the community. In some areas, if  fluoride free water is to be 

transmitted over long distances, it may be expensive to operate and maintain and the community 

may not be able to afford the high user charges. In such cases, the feasibility of dual policy with 

reduced per capita supply of fluoride free water for cooking and drinking only (about 10 Ipcd) and 

supply of fluoride water for all other uses as mentioned above with appropriate per capita supply 

can also be considered. 

 

2.1.2 Source of Supply 

 

The sources for water supply are Deep tube wells or  irrigation canal  water where potable water 

is not available from deep tube wells . In Kandi area of Punjab  springs /infiltration galleries may 

also be used as source of drinking water .. In Punjab a rural water  

supply schemes have been traditionally designed based on Tube wells. However, where the 

quantity of ground water is insufficient or quality of ground water is not of required standards, 

surface sources are chosen depending upon the availability. The rural water supply schemes with 

bore wells and open wells are economically viable and easy to operate and maintain, whereas 

schemes designed with surface water as source are not economically viable are often difficult to 

operate and maintain by the Rural Communities. Hence, in order to make the surface source 

schemes viable, which required skilled operation and maintenance, it is preferable to design 

schemes with surface sources for a group of 3 to 4 villages. In cases wherein the  surface water is 

to be transmitted from a long distance and wherever limited quantity of ground water is available 

dual supplies for such villages shall also be examined thereby satisfying both quality and quantity 

requirements. 
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2.1.2.1 Water Quality :  

 

The drinking water required to the community shall conform to the relevant clauses so as 

minimize health hazards to the community. The quality of water supplied shall satisfy the criteria 

contained the CPHEEO manual, which are reproduced in this chapter at Annexure- J.. 

 

2.1.3 Storage:  

  

  Capacity of OHSR shall be calculated by Mass curve (Refer annexure- O)method keeping 

in view the realistic availability of Electricity and water supply hours . Two number typical mass  

curves are enclosed as sample for different types of conditions of availability of electricity . As 

electricity is available for longer hours hence it is being proposed to pump water for atleast 8 to 

12hr.  Pumping hours will vary as per availability of electricity . Hence before fixing the  capacity 

of OHSR mass curve should be plotted for all the three shifts pumping of water  and supply hours 

.  OHSR capacity should be worked out for worst case scenario.   The tank shall be located such 

that the minimum residual pressure at the remotest point in the village is at least 12 mts. If 

elevated  lands are  available at a reasonable distance, ground level reservoirs can be proposed for 

storage of water. If such location is not available, an elevated service reservoir can be proposed 

with staging such that it gives a minimum residual pressure of 12 mts after counting for loss of 

head during peak hours due to simultaneous opening of the all the taps on the distribution system  

 

2.1.4 Treatment : 

 

 Ground waters,  which are free from odour and  colour and turbidity  problems, can be 

supplied after plain disinfection by chlorinating.  Surface waters may require conventional 

treatment consisting of sedimentation, filtration and disinfection.  

The treatment proposed for water shall be such that it is easy to maintain and operate by the 

village community. Presence of fluorides requires treatment to remove fluorides, which is not 

easy for the community to operate and maintain the treatment scheme. Nitrates and TDS cannot 

be removed in conventional Treatment System. Iron presence, though amenable,  its removal 

becomes difficult and the plant is uneconomical to the community to maintain. 

 Disinfection of water supply shall be carried out  with Bleaching powder/ Sodium Hypocholorite 

using  diaphragm based dosing  pumps etc. óDosatronô which uses Chlorine dioxide and is non-

electricity system  can also be used to carry out disinfection of water supply.  

 

2.1.5  Distribution system 

 

 The project proposes to have piped water supply schemes in all the villages covered in the 

project. It is expected that there will be substantial demand for individual house connection. 

Hence, pipe network in the form of dead/loop system (which is mostly suitable for rural areas) 

shall be planned. For the benefits of community not opting for house connection stand post shall 

be provided at appropriate places @ one per 150 persons in the villages How ever as explained 

above use of stand posts shall be discouraged as it results in avoidable wastage . As electricity is 

available for longer hours, it is proposed to pump water for atleast 8 to 12hr.  The storage capacity 

of service  reservoir shall be taken on the basis of mass curve plotted or 30%  of the daily 

requirement. 
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2.1.5.1 Water Supply Duration and Peak Factor : 

 

Usually water supply is made twice/thrice  a day to the village community at the  rate of 3 hrs 

each time which is equal to 6 hrs. Considering improvement in availability of electricity, water 

supply schemes will be designed for 8 to 12 hr. pumping. It may be further kept in mind that 

demand of water is more in the morning which may be 1.25 ï2 times of the average daily demand 

. CPHEO manual recommends following peak factors for various population figures: 

 

For population less than 50,000 : 3.0 

For population range of 50,000 to 

2,00,000 

: 2.5 

For population above 2,00,000 : 2.0 

For smaller water supply schemes 

(Where water supply is effected through 

standposts for only 6 hours) 

: 3.0 

 

 

, For rural water supply distribution scheme, CPHEEO manual recommend the design peak factor 

for 4 times of average demand ( duration of supply is 6 hours).  

 

Hence irrespective of the population of the village, supplying hours, the peak factor for designing 

of scheme shall be taken as 3.0. 

 

2.1.5.2 Selection of size of Distribution Pipe: 

 

The size of distribution pipe shall  be calculated on the basis of discharge to be carried by 

the pipe line , pressure requirement  and  number of connections to be drawn form the pipe by 

using following formula : 

 

Number of Connections =[ D
2
/d

2
] 

 

Where óDô is diameter of main pipe  and ódô is the diameter of branch pipe   

e.g. if  diameter of main pipe is 150 mm and branch pipe is 90 mm then number of branch pipe 

connections= 2.78 say 3 

 

- Size of branch pipe shall also be checked for number household private connections and 

stand posts to be proposed on the branch line using the following formula : 

-  

Number of Connections =[ D
2
/d

2
] 

 

Where D is diameter of main pipe  and d is the diameter of service  pipe  

e.g. if  diameter of main pipe is 90 mm and branch pipe is 15 mm then number of branch pipe 

connections= 36 
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In case of Rural Water Supply Schemes for multi  villages the transmission  main from the 

water works running along Phirni(village ring road )  shall not be used as distribution main . The 

delivery main and distribution system in village  should be so proposed that supply to Ist village 

and any intermediary village /villages is given from only one point on the delivery main and that 

the delivery main should not be made a part of the distribution system of the Ist or intermediary 

village /villages . This will ensure equitable water supply to all the villages as supply to individual 

village can be regulated at one point using the sluice valve . No private connection or stand post 

should be allowed on the transmission  main . (Refer CE Rural  Water Supply circular no 34028-

34PH/W dated 6.7.78) 

 

2.1.5.3 Design Velocity :  

The design velocity in the distribution system shall be not less than0.6 m per second to prevent 

silting in the pipes. 

 

2.1.5.4 Material of Pipes : 

PVC pipes shall be used for distribution system with appropriate pressure class of 6 to 10 

Kg/sq.cm   

 

2.1.6 Depth  and Width of Trench required to lay the pipe:  

The pipes shall be laid with a minimum earth cushion of 1.0 m. How ever in narrow streets1mt-

1.5 mt feet wide  where no vehicular traffic is expected and digging deep may cause danger to the 

stability  of  adjoining structures cushion  may be reduced to 60 cm .The width of  trench required 

to lay PVC pipes shall be outer diameter+30  cm and wider trench shall only  be excavated near 

the coupler joint . Practice of measuring the uniform width of trench shall be discouraged as for 

laying PVC pipe a wider trench is only required at joints.  It will reduce the damage to the brick 

paving laid in the village and reduce the cost of excavation and repairing .  

For high level and low level areas if difference in elevation is more than 4 meters  separate 

feeders shall be provided . Pressure reducing valves shall also be provided to stop excessive water 

supply to low lying areas where separate feeders have not been provided  . 

 

2.1.7 Pumps : 

 

Submersible pumps shall be provided for all borewells and centrifugal pumps/submersible pumps 

for  canal based water supply schemes . While calculating the capacity of pump, the resulting 

suction head, delivery head and frictional losses shall be considered appropriately. Only 

commercially available pump capacities shall be adopted  in the project. 

 

Normally Standby pumps are not proposed in rural water supply systems based on borewells and 

for other sources. Standby pumps shall be provided only in exceptional circumstances. In such 

cases if the number of pumps installed are more than one, then one standby pump is suggested. 

For economical selection of the pump,  the actual pump capacity required shall be worked out 

using the family curves furnished by pump manufacturer. However, in arriving at economic size 

of rising main only overall  efficiency of pumps can be  taken as 60 % for submersible pumps and 

65 % for centrifugal pumps. 

Note :   

All the above referred design parameters are mentioned in Annexure ï B Titled as Design 

Standards  both for Tube well based schemes and canal based schemes  
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2.1.8. Ground Water Recharge Measures : 

 

Due to continuous and over extraction of water from ground, there will be a possibility of drying 

up of source well in the summer  months. Hence, proposals are  to be included in the water supply 

scheme for recharging of ground water through artificial recharge measures depending upon the 

geological conditions of the area. Possibilities of using Rain water harvesting as a source and roof 

water harvesting shall also be explored in the project areas. Rain water harvesting shall b  e used 

to recharge shallow aquifers as deep aquifers cannot be recharged as deep aquifers are artesian 

aquifers . By recharging shall aquifers static water table level shall be increased which will cause 

saving in electricity as head required to pump water shall decrease which will reduce electricity 

consumption . Various ground water recharge measures based has been explained in chapter :16 

of this manual .  

 

2.1.9 Water quality standards and significance-Norms for Acceptance 

 

The quality of drinking water affects health of the consumers because certain diseases and toxic 

chemical compounds may be transmitted by water. Experience has shown that community health 

and supplied water qualities are directly related to each other and that an improvement of water 

qualities of drinking water supply is followed by an improvement in the communityôs health. 

Hence, the water supply systems shall provide water that is safe and available in adequate 

quantity. A water supply engineer is expected to know what diseases are waterborne, what are 

toxic chemicals and how they get in to water supplies. 

 

2.2. Attributes of Drinking Water :  

  

 The communityôs drinking water shall be ï 

 

- Free from disease producing organisms 

- Colourless and clear 

- Palatable, i.e. free from odours, 

- Preferably cool 

- Reasonably soft (not hard) 

- Not causing scales or corrosion. 

- Free from objectionable substances such as hydrogen sulphide, iron, and  

Manganese; 

- Unpolluted by substances in quantities that are toxic or have adverse physiological 

effects and available in adequate quantities. 

 

2.2.1 Definitions : 

 

 While describing water quality, certain terms are frequently used which are to be clearly 

understood and correctly used. Some of the definitions that are commonly used are given below. 

 

i) Water Pollution : It is the introduction into water, substances in sufficient quantity  

that affects the original acceptable quality of  water, making it objectionable to sight, taste 

and smell and hence making it less useful. 
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ii)  Water Contamination :It is the introduction of toxic materials, bacteria, or other 

deleterious agents into water that make the water hazardous and therefore making it unfit for 

human use. 

iii)  Safe water : It is the water that can be  consumed without menace to the health of the 

consumer. Sometimes the word pure water is used which is  incorrect, in the sense that there 

exists no pure water. 

iv) Potable water and wholesome water : Potable water is the water that is satisfactory  for 

drinking purposes from the  standpoint of its chemical, physical and biological 

characteristics and is also known as ówholesomeô. 

v) Palatable water : It is the water that is appealing to the senses of taste, sight and smell. 

Palatable water need not always be potable. 

vi) Water-Natural State : Water in nature is never hundred percent Hydrogen and Oxygen, it 

always contains mineral matter in solution or suspension or dissolved gasses. 

vii)  Parts per million (ppm) or mil ligrams per litre (mg/lt ): These terms are used to express 

the concentrations of dissolved and suspended matter in water. The Parts per million (ppm) 

is a weight to weight relationship. Except in highly mineralized water this quantity would be 

same as mg/lt. This is preferable since it indicates how it is determined in the laboratory. 

viii)  pH of water : It is an indication of the hydrogen ion concentration the water. Alkaline water 

will have pH of above 7; while acidic water will have pH of below 7; whereas water with 

pH 7 is neutral. 

 

ix) Toxic : It is a harmful, destructive, or deadly poisonous chemical. 

 

x) Physiological Effects : These are the effects which change the normal functions of the 

body. 

 

xi) Pathogens : These are the disease-producing bacteria present in water. 

 

xii)  Bacteria :   These are groups of universally distributed, essentially Unicellular micro 

organisms, lacking chlorophyll. 

 

xiii)  Coliform bacteria :  These are groups of bacteria predominantly inhabiting the intestines 

of  human beings and animals but also occasionally found elsewhere. Their presence 

indicates pollution of water by sewage. 

 

xiv) Enteric : Having its normal habitat in the intestinal tract of human beings or animals. 

 

xv) Virus : The smallest form of bacteria capable of producing disease in human beings. 

 

xvi) Chlorine residual : Chlorine remaining in the water at the end of a specified period. 

 

xvii)  Chlorine demand : The differences between the amount of chlorine added to water and 

amount of residual chlorine remaining in the water at the end of a specified period i.e. after 

total disinfection.   

2.2.2 Water and health of community : 

 Communityôs health is affected by drinking water quality because ï 

  



15 

 

(i) Certain disease causing bacteria are enteric and survive long enough in water to infect the 

water users. 

(ii)  The excreta of human beings and warm-blooded animals contain bacteria harmful to human 

beings, and these bacteria can find their way into drinking water sources. 

(iii)  Chemical substances affecting the health of people can also enter drinking water sources. 

 

2.2.3 Natural water : 

 

 Water free from both bacteria and dissolved chemicals is seldom found in nature. Water 

falling as rain, snow or hail washes impurities out of atmosphere; some of these may be present as 

solids or some may be dissolved. The first water that falls tends to be higher in material removed 

from atmosphere than that falling later. Even prolonged rainfall may not completely clear the air. 

Rain water and snow may have dissolved solids as high as 150 mg/lt and total hardness up to  

40mg/lt. In industrial areas due to air pollution carbon dioxide dissolves into rain water. This 

phenomenon is known as Acid rain. Normally, the pH value of rainwater is 6.7 to 6.9. Rainwater 

is also saturated with dissolved oxygen from the atmosphere.  

 

2.2.4.1 Environmental significance of water quality : 

 

Water that is clear and colorless gives an impression that is safe for human consumption. This 

may not be correct, since both disease causing bacteria and objectionable matter may be present 

but invisible to naked eye. Water quality parameters are classified as physical, chemical and 

biological nature. The environmental significance of some common parameters of water quality is 

given below: 

 

2.2.4.1 Physical Parameters: 

 

Turbidity :  

 

Any turbidity in water is associated with pollution and associated with health hazards arising out 

of it. Increased turbidity makes treatment difficult and costly due to increase in chemical 

coagulation costs and increased frequency of cleaning the filters. In turbid waters the pathogenic 

organisms may be trapped in the turbid particles and hence protected from the disinfectant. 

Ground water is less likely to contain turbidity. Turbidity of surface water may settle down by 

plain sedimentation. 

 

Colour : 

  

Natural colour may be acquired by water from decay in swamps and forests; but the colour may 

not be harmful. The fact is that if the potable water is having colour and hence aesthetically not 

acceptable, the consumers tend to seek water from other sources which may not be safe. Ground 

water is less likely to contain colour and surface water may contain colour due to industrial 

activity. However colour is not removed  in conventional treatment adopted in Rural Water 

Supply Schemes. 
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Taste and Odour : 

 

Both should not be noticeable to consumers. Taste is not measurable but should not be 

objectionable. For odour, Thresh hold odour numbers (TON) are given to indicate the dilutions 

required for the odour to disappear. It should be preferably one  and not greater than three. 

However, odour is not removed in conventional treatment adopted in Rural Water Supply 

Schemes. 

 

2.2.4.2 Chemical Parameters 

 

Carbon dioxide And Mineral Acidity :  

 

Water that contains mineral acidity is unpalatable. Acidity causes corrosion and affects the 

consumption of chemicals in water softening. 

 

Alkalinity :  

 

Measures the content of bicarbonates, carbonates and causticity of waters. Waters that contain 

high alkalinity are unpalatable. Chemically treated water sometimes may have high alkalinity. 

Alkalinity is important in coagulation and corrosion control. However alkalinity is not removed in 

conventional treatment adopted in Rural Water Supply Schemes. 

 

Hardness : 

 

Calcium and Magnesium compounds cause hardness-soap consuming property. Hardness is 

derived by water largely from contact with soil and  rock formations. In general hard waters 

originate in areas where top soil is thick and limestone formations are present. Soft waters 

originate where topsoil is thin and limestone formations are absent. However Hardness is not 

removed in conventional treatment adopted in Rural Water Supply Schemes. 

 

Total Dissolved Solids (TDS) : 

 

Waters with TDS of less than 500 mg/lt are suitable for domestic use. Waters with higher TDS 

have a laxative effect upon people who are not accustomed to it. Conventional treatment methods 

donôt  address the removal of TDS. This can be removed only through distillation and  reverse 

osmosis membrane filtration, However TDS is not removed in conventional treatment adopted in 

Rural Water Supply Schemes as this is not economically viable and cannot be maintained by the 

rural communities. 

Chlorides : 

 

Chlorides impart salty taste if present beyond 250 ïmg/lt. Unusual presence of Chlorides in water 

indicates contamination of ground water with wastewater. However Chlorides are not normally 

removed in conventional treatment adopted in Rural Water Supply Schemes. 

Nitrogen salts : 

 

They may be reported in the form of free ammonia and Nitrates (nitrates in terms of Nitrogen). 

When present beyond trace amounts, indicate pollution by human wastes. Water containing 
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organic and ammonia nitrogen indicate recent pollution ; water-containing nitrogen in the form of 

nitrates indicate pollution; water-containing nitrogen in the form of nitrates indicate pollution that 

has occurred a long time back. Waters with appreciable amounts of nitrites are of questionable 

character. The amount of ammonia nitrogen determines the efficacy of chlorinating. Nitrates in 

water may be due to óagricultural run off ówater source, due to fertilizer use, leaches from septic 

tanks, sewerage and erosion of natural deposits. Excessive amounts of nitrates in drinking water 

causes óblue baby syndrome diseaseô (methaeamoglobineamia) in infants under six months which 

is a threat to life if immediate medial attention is not available. The infant looks blue and has 

shortness of breath. However Nitrates are not removed in conventional treatment adopted in Rural 

Water Supply Schemes. 

Dissolved Oxygen : 

 

Dissolved Oxygen (DO) is of significance in corrosion of iron and steel particularly in distribution 

systems. However DO is not removed in conventional treatment adopted in Rural Water Supply 

Schemes. 

 

Fluorides : 

 

Minimum of 1 mg/lt may be required to prevent dental carries; but beyond 1.5 mg/lt may cause 

staining of teeth/dental fluorosis and also skeletal fluorosis. Treatment units set up in India for 

removal of excessive fluorides in Rural water supply schemes are so far not functioning 

satisfactoril y. 

 

Iron :  

 

Iron may be present in water as a dissolved impurity from the earthôs crust or enter the water 

supplies from corroded pumps and pipes. Excess iron may cause staining of clothes during 

washing, stains on plumbing fixtures and encrustation and deposits on the interior surfaces of the 

pipe. Treatment units set up in India for removal of excessive Iron in Rural water supply schemes 

are so far not satisfactory. 

 

Manganese : 

 

Manganese at lower concentrations causes troublesome deposits in mains. However Manganese is 

not removed in conventional treatment adopted in Rural Water Supply Schemes. 

 

2.2.4.3 Trace elements 

 

Barium : Even at 1 mg/1 it causes muscular and cardiovascular disorders and Kidney damage. 

 

Cadmium : At low levels and exposure for prolonged periods it causes high blood pressure, 

sterility among males, kidney damage and flu like disorders. 

 

Chromium : Beyond 0.05 mg/lt it is carcinogenic. 

 

Copper :Beyond 0.05 mg/lt it is found to be toxic to fish. 
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Lead : Beyond 0.05 mg/1 it causes brain and kidney damage. In youngsters it may cause mental 

retardation. 

 

Mercury : At very low concentration it forms methylated mercury compounds Which are toxic to 

human beings and fish. 

 

Silver : Has no adverse effect but silver salts are good disinfectants. 

 

Arsenic, Selenium  & Cyanide : They are toxic and carcinogenic,  However none of the trace 

elements are removed in conventional treatment adopted in Rural Water Supply Schemes. 

 

2.2.4.4 Biological Contaminants : 

 

Bacteria : Diseases caused by waterborne bacteria are always intestinal and include typhoid, 

dysentery, cholera and gastro-enteritis. 

 

Viral  : Infectious hepatitis may be waterborne. 

 

Slow sand filtration may remove bacteria and viral contaminants. Disinfection with bleaching 

powder, chlorine dioxide or any other disinfectant alone makes the water wholesome.  However, 

due to labour problem for regular sand washing of slow sand filters, continuous sand filtration 

should be preferred. 

 

2.2.5 Sanitary Survey : 

 

Water safety and quality are maintained through water treatment, disinfection and prevention of 

pollution and contamination. Rural water supplies are normally disinfected using bleaching 

powder, which makes the water wholesome. However, it will be necessary to search for sources 

of contamination and prevent such contamination of drinking water supplies. 

 

Identifying sources of contamination  : 

 

Surface run off comes into contact with wastes containing pathogenic bacteria or the storage 

reservoirs may get inflows of domestic sewage and or industrial effluents. Contamination from 

domestic waste can enter the raw water sources such as borewells or open wells. Casing  pipes for 

sufficient depth can prevent such entry of wastes into borewells.  Watertight seining has  to be 

proposed for sufficient depth to prevent entry of such wastes into the open wells. Harmful wastes 

can also enter the water distribution systems through cross connections or back-siphonage 

conditions. A systematic sanitary survey can be undertaken to identify the sources of 

contamination and preventive measures taken where necessary. 

 

2.2.6. Water Quality Reports: 

The following are the observations to be incorporated in the tabular form while preparing the 

reports ï 

1) Review of existing Water Quality status in project villages. 

2) Details of all existing water supply schemes / sources (Number of BW/OW/Traditional 

Tanks, etc., working/defunct) with clear markings (painted with blue colour for potable 
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sources and red colour for non potable sources) of the sources in the village (using  

geographical/global positioning systems). 

3) Latest water supply analysis (physical, chemical and biological tests)/water quantity yield 

results of all working sources should be incorporated in the report enclosed as Annexure I. 

4) Compare the latest water quality results with old available data (secondary data from 

Water Supply and sanitation department ) and find out the difference. 

5) Justify the proposed source details from the quality angle. Also mention the distance of 

this source from the existing potable/non-potable sources. 

 

2.2.7 Review of source water quality : 

 

 After the water quality report is received the parameters may be compared with the 

standards and if the water satisfies the standards the same source can be  accepted with 

disinfection only. If fluorides and TDS are present in excess of permissible limits, dilution if 

possible can be one of the options. Conveying potable water from distant source either surface or 

ground water can also be other option. If nitrates and iron are higher, it is necessary to search for 

the source of  contamination and take remedial measures.. However, treatment of such water for 

removal of iron and  nitrates is not a viable option in villages. If the contamination is not traceable 

and if the presence of iron and nitrates is due to natural acquisition, then another source is to be 

selected. Use of PVC casing pipe avoids corrosion, also extending the casting pipe up to 12 m 

will enable prevention of ingress of nitrates. Treatment for removal of fluorides and Iron shall be 

the last option since the rural community cannot operate and maintain such treatment plants. 

 

2.2.8 Scientific selection 

Scientific selection of water sources is more important for the project area since the ground water 

table has been depleting very fast. Hence, the locations selected for water sources shall be 

amenable for encouraging ground water into the aquifers. The presence of underground fractures 

in the geological formations will encourage the seepage of the water into the aquifers. The deeper 

the fractures, better will be yield. Hence, while doing the geophysical survey for selection of 

source, particular attention is required to this aspect. The technology has  progressed and now 

there are more reliable methods for conducting geological and geophysical investigations with 

instruments working on very low frequency (VLF). 

 

The exploration methods that can be adopted to locate the ground water are : 

 

1) Geological methods : Demarcating the boundary between lithologic units, faults, fractures, 

fissures, formation characteristics, lineaments, and dykes, intrusive and shear zones. 

2) Remote sensing techniques: Interpretation of satellite images to locate lineaments and 

other structural discontinuities, mapping of various hydrogeomorphic unit, vegetation, 

soil, and land use and land cover categories. 

3) Geophysical methods : Surface geophysical surveys using electrical resisvity, 

electromagnetic, seismic and magnetic methods to delineate the weak and water-saturated 

zone. 

2.2.9 Geophysical exploration: 

 

 Geo Physical methods comprise measurement and interpretation of signals from natural or 

induced physical phenomenon generated as a result of a sub-terranean formation .These signals 



20 

 

measured repetitively at several points of space and time are approximately interpreted, 

considering the available geological information , in terms of such sub-surface structures /features 

as may themselves have good ground water potential or are indicative of good aquifers 

.Knowledge of the geology of ground water areas is essential to establish the water bearing 

formulations. Surface geology, exposed due to quarrying, mixing etc. provide useful information. 

Well logs of existing wells (records that give the nature and depth of various strata that were 

encountered during sinking of the wells) also contribute as a supplementary information in 

assessing the nature of the sources being explored. 

 

2.3 Geomagnetic : 
 

Measurements of variations of gravity and of the earthôs magnetic field are made with the aid of 

the torsion balance and the magnetometer. These instruments donot determine the presence of 

water itself. They suggest the location of geological structures that may be favourable water 

carriers. 

2.3.1 Acoustic and Seismic : 
 

Acoustic and Seismic methods measure the speed of travel and sound and shock waves through 

the underground formations. Dependence of wave velocity upon the density of the materials 

through which it passes makes it possible for a geophysical analysis of the test area. This also 

indicates the presence of water in the test area being explored for water. Measurements are made 

as wave reflection for deep strata exploration and on wave retraction when water bearing 

formation is near the surface of the earth. 

 

2.3.2 Electrical Resistivity : 

The resistance of the ground is determined by impressing a current on electrodes inserted in the 

ground. A drop in resistance shows the presence of water within the water bearing stratum, the 

depth of penetration of the current being approximately equal to the electrode spacing. 

 

It is essential to take the assistance of the departments/agencies experienced and engaged in such 

investigation to assess the water potential for selection of a suitable ground water source for the 

community water supply. 

Resistivity data for rock formations in Punjab 

 

Rock Type Resistivity 

Ohm-m 

Highly weathered and saturated Gneiss/Granite <40 

Weathered and saturated Gneiss/Granite 40-80 

Weathered but less saturated 80-170 

Un-weathered Granite/Gneiss with water filled joints 170-400 

Massive rock >400 

Vesicular basalts saturated with water 100-150 

Highly weathered basalt saturated with water 5-10 

Gravelly sands with fresh water 100 

Shale and clay 1 

2.4 Assessment of yield : 

An accurate assessment of the yield of the source is essential to decide which source can be 

dependable. 
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The yield of borewells  is to be assessed preferably in the lowest seasonal water level conditions. 

In Punjab, the preferable season for conducting yield test is from April to June, when the summer 

is at its peak and rainfall has not yet set in. Yield test units are available which can be used to 

pump out the water from the borewell for a maximum period of six hours at a time. Care should 

be taken that the water pumped out is led away from the  source and does not re-enter the source. 

The draw down and discharge are measured and the results tabulated from which the safe yield is 

calculated. The assessed yield is multiplied by a coefficient to arrive at the safe yield from the 

source to account for the seasonal variations and also to prevent over exploitation from the 

borewell, which may lead to collapsing of the borewell. In case the yield test is conducted during 

non-summer months, a suitable coefficient for assessing the safe yield has to be used. While 

drilling the bore wells, it is essential that a  correct record of the strata of the borewell and the 

depths of water column are noted in a dated long book and this record must be made available at 

the GP. Maximum permissible size of pump to be installed in the Tube Well should be clearly 

mentioned at the wall of the Pump chamber to prevent  over pumping from the Tube well  

 

For assessing the yield from infiltration wells sunk in the riverbeds the same methods as described 

above is used for determining the safe yield from the source. In the case of  canals, the levels at 

which water can be made available and the quantum of water and the period for which the canal is 

flowing are used to assess the sizes of various components of the water supply scheme. 

 

2.5 Water Quality Monitoring  

 

 Supply of safe drinking water in adequate quantity to the public is a prime responsibility 

of a civic body. This task could be achieved if and  only if the water supply agency is adequately 

equipped with necessary infrastructure for routine water quality monitoring and control. Presently, 

there is no agency with a well defined mandate for routine water quality monitoring and control of 

rural water  supply in the State. The EE in- charge  checks the potability of any newly established 

tube wells / surface source by conducting all the tests on the water samples collected. If the 

quality parameters are within the prescribed limits, the source is developed and allowed to be used 

by the community. If the water does not satisfy the required quality parameters, new bore wells 

are drilled after conducting detailed geophysical surveys. In areas where ground water is not 

potable  canal based schemes are designed. Raw water is collected from canals and after treatment 

supplied to the community . It is very important that  a suitable mechanism should be adopted to 

have regular quality surveillance . During rainy season water quality surveillance should be more 

stringent . 

 

2.5.1 Water Quality Surveillance :  

2.5.1 A Disinfection :  

 Each water supply scheme shall be equipped with adequate equipment like Dosing  Pumps 

/ Silver ionization plant to disinfect water supply at source . If water supply is to be chlorinated 

then Bleaching  Powder / Sodium Hypochlorite shall be used for chlorination . Normally dosage 

of chlorine at source is @ 0.5 to 1.0 mg/lt . Dosage of chlorine should be kept at a level so as to 

ensure that residual chlorine at tail end is 0.1-0.2 mg/lt . Quantity of Bleaching powder/ Sodium 

hypocholorite/ Chlorine Dioxide  shall be calculated as per annexure ï A. 

Tube Well  Operator / Water Works attendant  shall regularly maintain record of disinfection at 

water works site and he shall check residual chlorine available at various points in the distribution 
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points . He shall visit peoples houses at regular intervals and check the residual chlorine available 

in their house . He shall maintain record of checking as per below sample performa . 

Date  Name and 

designation of 

sampling 

officer/official  

Location of 

Sampling 

Point 

Residual 

Chlorine 

present in the 

sample  

Residual 

chlorine 

present in the 

sample drawn 

at water 

works  

Name and 

address of the 

person who 

was resent at 

the time of 

sampling and 

his signatures  

      

      

 

 2.5.1.1 Water Quality Surveillance Programme 
 

a. Objective :  

i. To ascertain the quality of water in various rural water supply schemes (Tubewells or 

canal based) as well as in the distribution network.  

ii.  To examine physico-chemical and bacteriological quality to establish whether the 

drinking water is fit for human consumption and meets the standards as laid down in 

IS - 10500 : 2012 (Second Revision). 

b. Location for sampling : 

 Selection of location for sampling should indicate true representative samples. 

i. Public Stand Posts 

ii.  Selected consumer locations at random 

iii.  In addition to above, raw water source and treated water should also be analyzed in 

case of canal based water supply schemes. 
 

c. Type of sampling : 

 Generally, for drinking water quality monitoring, grab samples should be preferred.  

 

d. Frequency of sampling : 

Mainly depends on population served, size, source and type of the scheme. Frequency of 

sampling shall be done as per Uniform Drinking Water Quality Monitoring Protocol of Ministry 

of Water and Sanitation, GoI. 

Source Minimum frequency of sampling and analysis Remarks 

Bacteriological Physical/Chemical 

 

Tubewell 

based 

Once initially, thereafter 

as situation demands. 

Once initially, then 2 

times yearly 

Situation requiring testing : change in 

environmental conditions, outbreak 

of water borne disease or increase in 

incidence of waterborne diseases. 

 

Canal based Once monthly - Once initially then  

  2 times yearly. 

- Residual chlorine  

  test daily  

Increase frequency of bacteriological 

test if situation demands. 

 

e. Precautions to be taken during collection, preservation and storage of samples 

 

I. Properly labeled sampling bottles to avoid any error. 
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II.  No significant change in samples between time of collection and conducting water 

analysis and samples should be dispatched to lab under iced conditions as soon as 

practicable. 

III.  Samples should be examined maximum within 24 hours after collection. 

IV. De-chlorination is prerequisite for sampling for bacteriological examination. 

V. No contamination should take place while collecting the sample prior to examination 

especially for bacteriological tests. For taking sample of water from a tap on distribution 

system, allow the water to run for 4 to 5 minutes to allow cleaning of service pipe. 

VI. The water sample shall be collected and its data sheet as per Annexure I should be filled 

up along with sample for onward submission to Water quality testing lab . 

f. Quantity of sample 

i. For physical and chemical examination, two liters of samples in colourless or pale 

green bottles. 

ii.  For bacteriological examination 250 ml sterilized glass bottles provided with 

ground glass stopper.  

 

g. Quality of drinking water desired  

 Quality of drinking water should meet with the standards as prescribed in IS-10500: 2012 

second revision. Refer table placed at Annexure ïJ  

 

2.5.1.2 Present status of rural water quality surveillance and lab infrastructure proposed 

Adequately equipped analytical laboratory with competent analysis is an important and an 

integral part of any water quality monitoring and surveillance programme. The analytical 

determinations of different physical, chemical, biological and bacteriological parameters must be 

carried out most efficiently and accurately. However, the laboratory infrastructure needed shall 

necessarily depend upon the level of analysis desired, location and other support facilities 

available. 

 Realizing the need to institutionalize water quality monitoring and surveillance system, 

Government of India in Uniform Drinking Water Quality Monitoring Protocol has formulated a 

implementation plan based on three tier structure or catchment area approach where existing 

resources available with grass root level education and technical institutions would be utilized. In 

case of need be, these institutions would further be strengthened  by providing additional financial 

sources. DWSS is also planning to set-up three tier structure of lab facilities, so as to make the 

system foolproof and also to ensure the public participation.  

 

Ç Village level : To make the WQS programme more effective, DWSS is distributing water 

testing kits to community based organization i.e. Gram Panchayat Water & Sanitation 

Committee (GPWSC), which would mainly the representative of various segment of 

community living in the village itself. Further, these GPWSCs would act as an extension of 

district/village administration. Under WQS programme, field kits for both chemical and 

bacteriological analysis would be provided to 10+2 schools having science stream or in the 

primary rural Health Centres. These field kits would mainly indicate the presence of turbidity, 

pH, hardness, chloride, fluoride, iron, residual chlorine and bacteriological quality. The field 

kit will be basically meant for qualitative assessment of water and would help to identify 

unsafe drinking water supply system immediately. In case, water is unfit for drinking, samples 

would be sent for detailed investigations to the district labs.  
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Ç District level : In addition to 8 sub. Divisional level lab, 22 district level labs are already 

functional. Small portable kit capable of measuring temperature, conductivity, pH and 

dissolved oxygen is being provided so to as to carry on the spot tests, besides district labs also 

have lab equipments, chemicals and glassware.  

Ç State level : One State level water quality testing laboratory is functioning in Public Health 

Department Head Office Patiala since 1962. Whereas, DWSS has approved Punjab Pollution 

Control Board lab at the State level for any arbitration or reconfirmation of the results. 

Ç Further for facilitating effective water surveillance programme, 3 mobile water testing 

laboratory is also in operation which independently helps in identification of source of 

contamination . 
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CHAPTER-3 

POPULATION  FORECAST 
 

 In this chapter, various methods of population forecast and assessment of the demand for 

designing  water supply scheme are discussed.  

 

3.1 Population Forecast 

 

  Present population will be available from figure of census for 2011. Forecast of 

population  shall be calculated based on arithmetic progression, geometric progression, 

incremental increase and national average. However, village specific assessment of growth 

potential shall be taken into consideration while arriving at the final population forecast. 

Population forecast shall be done considering the following factors: 

 Trend of population growth in the previous decade (from 2001-2011 Census Figure) 

- Possibilities of village growth due to factors such as industrial projects and other 

projects which influence the growth of population.  

 

- Any special factors causing sudden influx or migration of population like 

proximity to a city/ town.  

 

 

The population growth in any region can  be assessed either through graphical methods or 

arithmetical methods as discussed below :- 

(Sample calculations for Population forecast are enclosed at Annexure K) 

 

3.1.1 Demographic Method : 

 Population change can occur only in three ways ï (1) by births (population gain), (2) by 

deaths (population loss) or (3) by migration (population loss or gain due to ómovement outô or 

ómovement inô occurs in excess) 

 

 Population forecasts are made by assessing separately the births, the deaths and migration 

and then summing them up to get the net effect for the considered  projection period.  

 

 Diseases, Epidemics, Catastrophic natural calamities and other technological changes are 

the possible causes of error in forecasting the population correctly in this method.  

 

3.1.2 Arithmetical Progression  

 

This method is based on the assumption that population increase at constant rate. A 

Constant increment growth is added periodically, based on the past records. This method 

generally gives a low rate of population growth and can be used for villages where the growths 

are not conspicuous and practically controlled.   

 

3.1.3 Geometrical Progression Method 

 

 In this method, percentage increase or percentage growth rate per decade is assumed to be 

constant,  and the increase in compounded over the existing population every decade. This 
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method normally gives larger values of population and is used for areas with unlimited scope for 

expansion and where a constant growth rate is expected.  

 

3.1.4. Logistic Method 

 

When the various factors affecting the population growth do not change abnormal, the 

groups of population follow a óSô curve, called a logistic curve.  

This method is suitable for areas where the rate of increase or decrease of population with 

time is likely to reach a saturation limit ultimately because of specially local factors. The growth  

rate of which follows a logistic curve will plot as a straight line on the arithmetic paper, with time 

intervals plotted against population in percentage of saturation.  

 

3.1.5. Incremental Increase Method 

 

In this method, the average in incremental increase is calculated from the available data. 

To the present population, the average incremental increase per decade is added and the 

population of next decade is obtained. Like this, the process is repeated till the population in the 

desired decade is determined. 

 

3.1.6. Graphical Comparison Method 

 

This method involves the extension of the population- time curve into the future based on 

a comparison of a similar curve for comparable areas and modified to the extent depending on the 

factors governing such predictions. The method has a logical background, and if statistics of 

similar villages are available, quite precise and reliable forecast can be made. However, it is very 

difficult to get identical villages with respect to population growth.  

 

3.1.7 Population forecast for Peri- Urban Areas :  

  

 It has been observed that growth of population in rural areas near main cities grows at rate 

higher than the rate of growth for other villages . These areas falls under the Peri Urban area 

category . It is proposed that in all Rural areas falling under a radial distance of 5 Km from Class 

A and B cities population growth rate shall be calculated by Graphical comparison method . In 

case no such comparison is available then Population growth rate of such areas shall be 

determined by using Geometrical progression method  

  

 

3.2 Final Prediction  

 

The design of rural water supply and sanitation schemes shall be based on actual existing 

population with realistic projection for the project using the methods described above. However, 

the per year growth  rate must be taken @ 0.798 % per annum based on census 2011. 

 Software packages are available for estimation (using the methods described earlier) of 

population growth  and the same shall be used in the project.  

 

 



27 

 

CHAPTER ï 4 

 

TYPES OF SOURCES FOR WATER SUPPLY 

 

 This chapter provides information on various types of sources that can be used for 

providing water supply to rural communities.  
 

4.1 Hydrological Cycle : 

Hydrological Cycle is a process by which nature circulates water from the oceans and 

other water bodies through  the atmosphere and returns if back to land. This water finds its 

way into underground and to the sea through  various paths. Radiation from the sun also 

evaporates the water from the surface  sources (including oceans) into the atmosphere. The 

water vapors rise into the atmosphere and form clouds. Under certain conditions the 

clouds condense and water falls back to the earth  as rain. Some of the rainfall  runs over 

the surface to the streams and some portion of the water percolates into the ground by 

infi ltration. The rate of infiltration depends upon the terrain, soil and geological 

characteristics, climate etc in the area. Usually, if intensity and duration  of rainfall rate is 

much higher than the  infiltration rate, water starts flowing on the surface and will collect  

in depressions  forming lakes, ponds etc. and further excess water flows  into streams and 

rivers and reaches the sea. This is known as surface run off.  

Hence the source for water supply shall be either from ground water or surface source. 
 

4.2 Ground Waters: 
 

Ground water has been traditionally the main sources of  drinking water in Punjab. With 

the advent of drilling rigs and consequent indiscriminate extraction of ground water from 

deeper Aquifers, mainly for agricultural purposes, the yield from the Tubewell sources is 

depleting at a fast rate. Apart from depleting ground water table, there had been an 

increase in concentration of Total Dissolved solids that seriously affect the quality of 

drinking water. Hence, there is a need to select the Tubewell sites on a scientific basis, 

which will have sustenance as sources of water and amenable for recharge. The 

sustainability of the tube wells  as drinking water sources can therefore be ensured by 

applying the provisions of legislation strictly and appropriate ground water recharge 

measures.  
 

4.2.1 Tubewells 

 

Tubewells collect the ground water infiltrated to deeper layers in the soil strata compared 

to dug wells and hence the quality of water will be good and can be supplied after 

disinfections (using bleaching powder.) Tubewells have been successfully used in rural 

water supply in Punjab. This is an acceptable technology option for rural communities 

since the irrigation  tubewells are being operated and maintained  by the communities. The 

market facilities are available in the project districts to supply the pumps/spares and also 

to provide skilled personnel for repairs and servicing. With the advent of modern drilling 

rigs it is possible to drill as much as 300, m below ground level even penetrating hard rock 

formations. Submersible pumps fitted to a small diameter pipe are installed in these 

Tubewells. Depending upon the entry of water into the well, the tube wells are classified 

into cavity tube wells and  screen type tubewells. 
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4.2.2 Driven Wells (Hand Pumps) : 

Hand Pumps are installed by drilling  small diameters pipes up to about-100 M depth as 

per India Mark-II /III design. The driving end is fitted  with a pointed ódrive point 

strainerô.  The pipe is connected to a pump or hand pump. These are suited in soft soils, if 

ground water is available at shallow depths. All the following standards including 

amendments of India Mark II Hand Pump, Deepwell /India Mark III hand pumps(VLOM) 

and extra Deepwell Hand pumps have been amalgamated in IS 15500 (Parts 1 to 8) : 2004: 

IS 9301:1990    Deepwell handpumps ï Specification (third revision) 

IS 13056:1991    Deepwell handpumps (VLOM)ï Specification  

IS 13287:1992        Extra Deepwell handpumpsï Specification 

IS 14101:1994    Deepwell handpumps ï Components- Cast Ironï Specification 

IS 14102:1994    Deepwell handpumps ï Components- Leaded tin bronzeï Specification 

IS 14103:1994    Deepwell handpumps ï Components- Mild Steelï Specification 

IS 14104:1994    Deepwell handpumps ï Components- Nitrile rubberï Specification 

IS 14105:1994    Deepwell handpumps ï Components- Stainless steelï Specification 

IS 14107:1999    Special tools for Deepwell handpumps ïSpecification 

In Fig.-1 (Drawing) typical details of Deepwell Hand Pump  as per Indian Standard are 

illustrated. 

 

4.2.3 Springs : 

 The springs are also a technology option for rural water supply but are found in hilly areas 

of Gurdaspur district only. Springs occur due to the emergence of base flow as ground water to 

the surface. Springs may be either perennial or intermittent. The discharge of a spring  depends on 

the nature and size of catchment, recharge and leakage through the sub surface. Their usefulness 

as source of water supply depends on the discharge and its variability during the year. To select 

the spring as source of water supply , it is necessary to ensure its dependability  by measurement 

of flow, local enquiry and study of catchment area, rainfall in the area. Suitable intake and 

collection structures are to be planned to meet the requirement of the scheme. Normally, the 

springs occur at elevated locations and hence the supply to the community can be by gravity 

avoiding pumps. 
 

4.2.4 Percolation Wells : It is large diameter dug up well adopted generally in Kandi Area nearer 

rivers of Perinial source.    Where static water level is not so deep ie in the range 10 to 15 meter 

and there are no chances of contamination .  It is dug up manually and its diameter is in the range 

of 5- 8 meter depending upon the requirement water  
  

4.3 Methods of Drilling  

There are numerous methods of drilling wells and each method has advantages related to ease of 

construction, cost factors, character of formations to be penetrated; well diameter and depth, 

sanitary protection and intended use of the well itself. The basic principles of some of the methods 

are described here 

 

4.3.1 Percussion Drilling 

 

The percussion method, often referred to as cable tool method, is one of the oldest, most versatile 

and simplest drilling methods. A string of tools suspended on a cable is given up and down spud-

ding motion either manually of by power. The  string of tools, in ascending order, consists of a 

bit, a drill stem, drilling jars and a swivel socket which is attached to the cable. The bit strikes the 

bottom of the hole, crushing, breaking and mixing the cuttings. Above the water table or in 
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otherwise dry formations, water is added to dissolve the cuttings which are lifted out by means of 

a bailer. This method is most suitable for drilling in stratum where large boulders are encountered 

in abundance at different depths. 
 

4.3.2  Direct Circulation Drilling  : 
 

The rotary rig drills by mechanical rotation of a drill bit at the bottom of a string of drill pipe. The 

typical string consists of a bit which scrapes, grinds, fractures or otherwise breaks the formation 

drilled; a drill collar of heavy walled pipe to maintain a straight hole; and a drill pipe which 

extends to the surface and imparts rotation to the bit. As the bit is turned drilling fluid (usually 

bentonite mixed with other suitable material) is circulated under - pressure which" lubricates and 

cools the bit, carries the cuttings in suspension to the surface, and plasters the wall of the hole to 

prevent caving in. 
 

4.3.3 Reverse circulation drilling : 

The reverse circulation rotary rig operates essentially in the same way as a direct rotary rig except 

that water is pumped up through the drill pipe rather than down through it. A string of drill pipes 

with a drill bit at the bottom is rotated by mechanical means. Plain water or a drilling fluid, 

depending on the strata conditions, is allowed to flow into the borehole; the drill cuttings along 

with water are sucked through the drill pipes by a centrifugal pump and thrown into a settling pit. 
 

4.3.4 Down-the-Hole (DTH) Hammer Drilling  : 

It is accomplished by a tool called the down-the hole hammer which is essentially a pneumatic 

hammer operated at the lower end of the drill pipe and combining the percussion and the rotary 

actions. The method utilizes compressed air for the rapid impacting action given by the hammer 

to the bit, thus crushing the formation into small chips which are flushed out through the annular 

space between the bore and the drill pipes by the up coming compressed air. 

 

4.3.5 Hand Boring : 

This method is employed in soft stratum. In this method or power driven auger is used for the 

emaciation purpose. By means of rope the bailer  is manually  lifted and then allowed to drop, the 

soil is filled in the hollow portion of the auger, which is removed from time to time. In this 

method of boring the correct position of aquifer is also noted. The depth and length of water 

bearing stratum and hard stratum etc are correctly recorded in a chart showing various layers met 

in.     
 

4.3.6 Selection of Drilling Rigs  : 

The recommendations for selection of drilling rigs include the suitability aspects of different types 

of drilling rigs for their proper selection for drilling water wells and bore holes in different 

geological formations. 

 

4.3.7 Classification : 

Based on diameter of hole, depth of hole and the size of drill rod used, the drilling rigs shall be 

classified into light medium and heavy duty as specified in Table 4.1.   

The tool weight at the surface for percussion (cable tool) type of drilling rig of light, 

medium and heavy classes shall be 1135 kg, 1735 kg and 2 315 kg respectively.  

4.3.8 Selection : 

Based on the formation to be encountered during drilling, the diameter and depth of the boreholel 

well, the recommended class of drilling equipment and the size of drill rod to be selected for 

drilling is given in SP (QAWSM) 56 1994 
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Table 4.1. Classification of Drilli ng Rigs 

 (Clause 5.1)    

Type of Drilling  Classification Dia of bore 

Hole 

Depth of  Bore 

Hole 

Size of 

Drill Rods 

mm m mm 

(1)  (2)  (3)  (4)  (5)  

Percussion Light 200 up to 50  

(Cable Tool) Medium 200 up to 170  

 Heavy 200 above 170  

Rotary-Direct Light 200 up to 250 73 

Circulation Medium 200 up to 450 89 

 Heavy 200 above 450 89. 101, 114 

Rotary-Reverse Medium 500 up to 170 150 

Circulation Heavy 675 above 170 150 

Down-the-Hole Light 114 up to 50 76 

(DTH) Hammer Medium 150 up to 170 114 

 Heavy 150 above 170 114 

 Heavy 200 above 170 114 

Combination Medium    

(Rotary cum- Rotary 200 up to 450 89 

Percussion) Percussion 300 up to 170 - 

 Heavy    

 Rotary 200 above 450 89 

 Percussion 300 above 170 - 

DTH cum-Rotary Medium    

 DTH 150 up to 170 114 

 Rotary 250 up to 50 114 

 Heavy    

 DTH 150 above 170 114 

 Rotary 250 up to 100 114 
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i) Consolidated 

Formations 

 114 Up to 50 DTH  Light 76 

 
 like hard sandstone, 

lime- 

150 up to 170 DTH  Medi um 114 

  stone, Trap, Basalt,  150 above 170 DTH  Heavy 114 

  Quartzite, Granite, etc. 200 above 170 DTH  Heavy 114 

 
ii)  Semi-

consolidated 

       

  formations:        

 
 a) Sandstone, Clay, 

Shale 

200 up to 250 Rotary -

Direct 

Circulation Light 73 

 
      200 up to 450 Rotary-

Direct 

Circulation Medium 89 

 
      200 up to 450 Rotary-

Direct 

Circulation Heavy 89,101,114 

  b) Bouldery  200 up to 170 Percussion (Cable tool) Medium  

       200 above 170 Percussion (Cable tool) Heavy  

 
iii)  Semi-consolidated 

And 

 150 up to 300 Rotary -cum -Percussion Heavy 89 

  Bouldery Formation       

 
iv) Unconsolidated  200 up to 250 Rotary - Direct-  

Circulation 

Light 73 

 
 formation   up to 450 Rotary Direct-  

Circulation 

Medium 89 

 
       above 450 Rotary - Direct-  

Circulation 

Heavy 89 

I v) Soft alluvial, clay,  500 up to 170 Rotary -Reverse-Circulation Light 150 

 
 gravel small (upto 125 675 above 170 Rotary - Reverse -

Circulation 

Medium 150 

 
 mm size) cobbles 

formation 

      

 

4.4 Well Casing 

Well casing is a pipe and  is used to prevent caving in of surrounding soil into the well or bore-

hole. The upper portion of the casing, used for housing the pumping equipment, is called housing 

pipe. The casing may be temporary and removed on completion of the well (drive pipe) or it may 

be a permanent part of the structure. The length and diameter of the casing pipe is selected on the 

basis of static water level, drawdown, discharge expected from the pump and the size of pump to 

be installed. 

Steel tubes most suitable for varied type of water well drilling operations - either casing or drive - 

are those made to IS 4270 : 2001. The tubes ;are seamless, automatic fusion welded or electric 

resistance welded or high frequency induction welded. They are designated Fe 410 or Fe 450 

grades based on the minimum tensile strength. The dimensions and masses of various types of 

tubes are as given in Tables mentioned below . Unless otherwise agreed to between the supplier 

and the purchaser, the pipes shall be supplied in random lengths of 4 to 7 metres. 

Tolerances 

a) Outside diameter - Permissible tolerance on outside diameter of pipe and socket shall be 

:1% percent but not greater than 3 mm in the case of socket. 

b) Thickness - The permissible tolerances on tubes thickness shall be as follows: 
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Seamless tube  + 20 percent  

Welded tube   -  12.5 percent  

Up to and including  + 15 percent   

406.4 mm outside  -  12.5 percent  

diameter    

Over 406.4 outside + 15 percent  

Diameter  - 10 percent  
 

c) Mass - No single tube shall deviate from the mass specified in table 4.2 mentioned below  

with a tolerance of  +10 .5 percent. 

Table 4.2 : Dimensions and Masses of Screwed and Socketed casing pipes  

Nominal Dia OutSide Thickness Mass of Socket Overall 

Bore Diameter or Pipe Plain  Tube Outside Length 

or Pipe or Pipe   Diameter Of Socket, Min  

(mm) (mm) (mm) kg/m (mm) (mm) 

(1) (2) (3) (4) (5) (6) 

100 114.3 5.4 14.5 130.0 114.3 

125 141.3 5.4 18.1 157.0 120.6 

  7.1 23.5   

150 168.3 5.4 21.6 184.0 127.0 

  7.1 28.2   

175 193.7 6.4 29.6 211.6 152.4 

  8.0 36.6   

200 219.1 6.4 33.6 237.0 152.4 

  8.0 41.6   

225 244.5 7.1 41.6 262.5 165.1 

  9.0 52.3  . 

250 273.1 8.0. 52.3 291.0 177.8 

  10.0 64.9   

300 323.9 8.0 62.3 346.0 177.8 

  10.0 77.4   
 

4.4.1Coating of Tubes : 

Unless otherwise specified by the purchaser, the tubes shall be externally coated with bituminous 

solution or any other protective anticorrosion coating. The bituminous solution shall be of a 

quality such as to produce a coating which, when dry, shall be smooth, tough and tenacious and 

sufficiently hard not to flow on exposure to a temperature of 63°C and shall not be brittle at O°C. 

It shall not be such as will impart a taste to the water. 

Well screens serve as intake section of a well that allows water to flow freely into the well, 

prevents sand from entering with water .and acts as a structural retainer to support the borehole in 

unconsolidated material. To accomplish fully its intended purposes, the well screen must be of 

efficient design i.e. it should let ample quantity of sand-free water to flow into the well with 

minimum loss of head. The screens may range from pipes perforated in place to carefully 

fabricated cage-type wire wound screens with accurately sized slot openings. 
 

4.4.2 Types  

The following are the various. types of well screens and slotted pipes: 

¶ Plain Slotted Pipes - These are pipes with slots cut by milling. 

¶ Bridge Slotted Pipes - The slots here are not cut but pressed out. 
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¶ Mesh Wrapped Screens - These are made by wrapping copper mesh over perforated steel pipe 

using spacers about 3 mm thick in between the copper mesh and the perforated pipe. 

¶ Cage Type Wire-wound Screens - These are special type of screens wherein a continuous 

trapezodial or circular wire is spirally wound around a fabricated cage. The screen consists of 

wedge profile wire of various dimensions, resistance welded to a cylindrical body made of 

various members and cross sections of longitudinally arranged metal rods, which are in turn 

welded into cylindrical ring couplings at either end. 
 

4.4.3 Material :   

The well screens and slotted pipes shall be made of either corrosion resistant material or steel 

pipes having sufficient thickness to guard  against the effect of corrosion and to ensure reasonable 

life of tubewell. The following are the recommended materials for various type of well screens 

and slotted pipes: 

¶ Low carbon steel or mild steel;  

¶ Stainless steel 

Normally Stainless steel strainer is to be used and Low carbon strainer is to be adopted in case 

steel strainer is not commercially available. How ever for rural areas the required  diameter of 

strainer is in  the range of 150 mm to 250 mm and for these sizes stainless steel strainer is 

easily available in the market . 

 

4.5 Design Features : 

4.5.1 Length of Screen : 

The length of screen shall be governed by the thickness of acquifer and shall be sufficient to 

obtain the specified yield from tubewell. However, the minimum total length shall be such that the 

entrance velocity is less than the permissible entrance velocity of 0.03 m/s to ensure longer life of 

the well. The lengths of individual pipes shall be such as to afford easy handling for transport and 

to account for possibility of inaccuracy in logging, screen shall not be placed in at least 0.3 metre 

on both sides of the stratum. 

4.5.2 Diameter of the Screen : 

The screen diameter shall be so selected that the percentage of slot area to screen surface area is 

generally between 20 to 25 percent. For gravel packed Tube wells and 8-10% for natural packed 

Tubewells. 

Screen diameters for various discharges to be pumped from the well, are given in Table 4.3 for 

general guidance. 

Table 4.3 Screen Diameter  

Discharge Screen Dia (mm) 

LPM  Minimum  Recommended 

Up to 475 100 100 

475 1125 150 150 

1300 3000 200 250 

3000 5250 250 300 

5200 9500 300 350 

9500 13300 350 400 

13300 19000 400 450 

19000 26500 450 500 

26500 34000 500 550 
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4.5.3 Slot Size : 

 

The shape and size of the slots shall be such that the gravel or acquifer material is not allowed to 

block the open spaces. Based on the sieve analysis of the acquifer material, the size of the slot 

openings shall be determined in such a way that finer fractions remain outside the slots. the slots 

shall not be too wide to cause entry of the gravel and resulting in plugging. Sharp edges on the 

periphery of the pipe may offer resistance to flow and hence it is preferable to have smooth 

rounded edges. 

 The slot size for gravel pack shall be so selected as to retain at least 90 percent of the pack 

material. However, in case the well is not provided with gravel pack, slot size shall be such that it 

allows 40 to 60 percent of the aquifer material to pass through. The normal slot sizes shall be 1.0, 

1.6 and 3.2 mm. 

 

Percentage Openings 

The percentage slot openings shall be such that the screen length provides sufficient inlet area to 

limit the entrance velocity to 0.03 m/s. 

 

SPECIFIC DESIGN FEATURES of STRAINERS : 

 

Plain Slotted Pipes 

Low Carbon or Mild Steel Slotted Pipes 

The slots shall' be cut by milling or by slitting. saw. The recommended thicknesses for different 

diameters for various depths of tubewell under normal conditions are given in  below mentioned 

Table 4.4 : 

Table 4.4 : Thickness of Pipes to be used as slotted pipes : 

    

Depth of 

Well 
Thickness for Pipe Size (OD) in mm 

m 166.6 

to  

168.3 

219.1 273.00 323.80 355.00 

     

50 4.85 7.04 7.09 8.38 9.52 

100 5.4 7.04 7.09 8.38 9.52 

125 5.4 7.04 7.8 8.38 9.52 

150 5.4 7.04 7.8 8.38 9.52 

175 5.4 7.04 7.8 8.38 9.52 

200 5.4 7.04 7.8 8.38 9.52 

250 7.11 8.18 9.27 9.52 9.52 

275 7.11 8.18 9.27 9.52 9.52 

300 7.11 8.18 9.27 9.52 9.52 

 

Cage Type Wire-wound Screens  

The wrapping wire having a wedge profile with flat surface on the outside and producing expand-

ing slots on the inside should be-used. This shape facilitates setting and back washing operation 

and also avoids the screens being clogged by fine particles. 
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For obtaining a minimum of 15 percent open area, the screen aperture shall not be less 

than 0.375 mm. The number and cross-section of the vertical support rods and the profile of the 

wrapping wire shall be such as to give sufficient axial and collapse -strength (see Fig. 

4).
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4.6 Guidelines For Selection Of Slot Size 

4.6.1 Determination of Slot Size: 

The size of slot openings suitable for different formations shall be based on sieve analysis of 

the aquifer material. Following procedure- and design criterion is laid down for general guidance: 

A weighed quantity of the thoroughly mixed sample is passed through a set of Indian Standard 

sieves from No. 75 onwards. The sieves are arranged such that the coarsest sieve is placed at the 

top and the finest at the bottom. After proper shaking, the sieve set is opened and material retained 

on each sieve is correctly weighed. The cumulative weight passing through each sieve is plotted 

on semilogarithmic graph paper having percentage weight as ordinate on arithmatic scale and size 

of the sieve opening as abscissa on logarithmic scale. A smooth graph is then drawn through the 

points based on which selection of slot size shall be done. 

 

4.7 GRAVEL PACKING  

4.7.1 Need For Gravel Packing : 

a. The four common reasons for gravel packing are: 

b. to increase the specific capacity of the well, 

c. to minimize sand flow through the screen in fine formations, 

d. to aid in the construction of well, and 

e. to minimize the rate of incrustation by using a larger screen slot opening where the 

formation is relatively thin but very permeable and the chemical characteristics of the 

groundwater indicate potential for significant incrustation. 

 

4.7.2 Criterion  for Gravel Packing 

The desirability of gravel packing decreases as the water bearing formation becomes coarser. 

Generally, formation with an effective grain size, D1O that is that size, than which only 10 percent 

of the formation is finer, or more than 0.30 mm and a uniformity co-efficient of 5 or more can be 

safely developed without gravel packing.  

4.7.2.1 : Choice of Strainer : 

It is recommended that for natural packed/ Gravel Tube wells Stainless steel Strainer shall be 

adopted   

 

Gravel Sizes 

The gravel sizes shall be as given in Table. 4.5. 

Table 4.5 Gravel Sizes 

Sl. No. Grade Pack Practical Size Range 

(mm) 

IS Sieves 

(see IS 460 (part 2) : 1985) 

1. A Fine gravel Over 2.0 to 3.35 2.0, 3.35 

2. B Fine gravel  Over 3.35 to 4.75 3.35, 4.75 

3. C Medium gravel Over 4.75 to 6.3 4.75, 6.3 

4. D Medium gravel Over 6.3 to 8.0 6.3, 8.0 

5. E Coarse gravel Over 8.0 to 12.5 8.0. 12.5 
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To avoid trouble in placing and inspective of gradation, packs should not contain particles greater 

than 13 mm. 

4.7.2Particle Size Distribution  : 

The particle size distribution of gravel shall be determined by screening through standard sieves 

in accordance with IS 460 (Part 2): 1985. The percentage distribution of the sizes shall be deter-

mined from a graph in which the percentage of material passing through each sieve is plotted 

against the standard aperture of that sieve. Any size, say D20 will thus indicate that the 

cumulative weight of all the grains smaller than this size is 20 percent of the total weight of the 

test sample. 

The uniformity coefficient of the gravel, that is, the ratio of its D60 to D10 sizes shall not 

exceed 2. A material with uniformity coefficient less than ó2 shall be classified as uniform and if 

greater than 2 it shall be taken as non-uniform. 

4.7.3Pack Aquifer Ratio : 

The pack aquifer ratio (PIA ratio) is defined as the ratio of 50 percent size D50 of the gravel pack 

to the 50 percent size of the aquifer. The size of gravel when used as pack in tubewells shall be 

decided in accordance with the size of the aquifer material proposed to be tapped. The gravel size, 

based on minimum head loss through gravel pack and minimum sand movement, shall be limited 

as below: 

a. Uniform aquifer with uniform gravel pack: 

b. Pack aquifer ratio shall be 9 to 12.5 

c. Non-uniform aquifer with uniform gravel pack: 

d. Pack aquifer ratio shall be 11 to 15.5 

4.7.4 Thickness :  

The thickness of gravel pack shall be limited to 13 to 18 cm. The size of the screen slot 

opening is governed, among other factors, by the size of the gravel or aquifer material which it 

has to retain. The slot size for gravel packed wells should be such that it retains about 90 percent 

of the gravel. 

The development of a well is its treatment for the purpose of establishing the maximum rate of us-

able water by cleaning the produced water of turbidity, sand, sediment or other impurities intro-

duced during drilling.  

4.8  Methods of Development 

 There are numerous methods of development. 

and an important factor in all these is that the development work be started slowly and gently 

and increased in vigour as the well is developed. The development should be started as far as 

possible from the bottom of the screen because with this compaction takes place as the work 

progresses upward and the overlying material can move downwards. The known methods of 

development are described below: 

4.8.1 Over pumping: 

Over pumping means pumping the well at a higher rate than it will be pumped when it is put in 

service. It may be simpler to over pump in small wells or poor aquifers by employing the 

pumping equipment intended for regular use in the well.  

4.8.2 Compressed Air : 

Another popular way of development is by using compressed air but it requires considerable 

equipment and skill on the part of the operator. The capacity of compressor should be at least 9.35 

cum per minute (330 cfm) at 250 PSI pressure for depth up to 200 meter . In case depth of bore 
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well is more than 200 mt a proportionately higher capacity compressor shall be used 

4.8.3 Calculation of Discharge : Discharge of Tube well shall be determined by using V-notch . 

Tables indicating discharge for various V-notch readings has been placed at  Annexure ïN. After 

completion of the testing of tubewell information should be supplied as in Form B. 

4.9 Verrticality and Alignment 

If a turbine well pump is to be installed in a well, the well should be true to line from its top to a 

point just below the maximum depth at which it is proposed to set the pump. A tubewell out of 

alignment and containing kinks and bends or cork-screws should be rejected because such 

deviations  cause severe wear on the pump shaft bearings and discharge casing and in a severe 

case, might make it impossible to get a pump in or out. If an air-lift or a suction pump is used for 

pumping. Alignment is not so important and the same is applicable to the submersible type of 

pump. 

4.9.1 The conditions that cause wells to be out of plumb are : 

a) the character of the sub-surface material penetrated during drilling, 

b) the trueness of the pipe used as well casing, and 

c) The pull-down force on the drill pipe during rotary drilling. 

While drilling, gravity tends to make the drilling bit cut a vertical drill hole. Varying hardness of 

the materials being penetrated. however. deflects the bit from a truly vertical course; 

d) Improper leveling of the Rig before the drilling is started  

4.9.2 The measurements made are of the plumbness and straightness of the cased bore. Thus. an 

oversized hole may be out of plumb but the casing may fall within specified limits. The casing 

should not be permitted to excessively encroached the annulus and hinder placement of grout or 

gravel pack 

4.9.3 In case of gravel-shrouded tubewells, if the pipe assembly is found inclined in a slant 

position before completing the gravel pack, the assembly should be pulled in a desired direction 

by suitable methods with a view to rectify slantness and bringing the pipe assembly within the 

'permissible limits of verticality. The gravel pack should be completed immediately after the 

verticality has been tested and rectified. 

4.9.4 The verticality of the tubewell shall be tested by using plumb or plunger E (see Fig. Clause 

4.9.4 ) 6 mm smaller in diameter within the inside diameter of the well casing. The plumb may be 

made from a piece of sheet steel or a short piece of pipe. Which-.ever is used, it shall be heavy 

enough to keep the plumb line taut. The hub of the ring shall not be solid, as the water shall pass 

through it as it is lowered in the well. The bore F from which the plumb line A passes shall be in 

the exact centre of the ring. Knots or marks shall be made every 3 m on the plumb line to indicate 

the depth to which the ring has been lowered in the well. The plumb shall be suspended from the 

guide pulley where it shall be at least 3 m above the top of the well. The guide pulley is fixed on a 

tripod or frame. B as shown in the figure. The vertical centre of the pulley shall be so located that 

the plumb line A comes off its outer edge exactly over the centre D of the well casing. The results 

shall be recorded in Form A. 

4.9.5 For tubewells encased with pipes up to 350 mm diameter, the verticality of the tubewell 

shall be measured in terms of clear cylindrical space available within the housing pipe after the 

construction of the tubewell. 

4.9.5.1 Vertica1ity of .the tubewell may have a deviation so as to provide clear cylindrical space 

not less than the clear cylindrical space available in a hypothetical tubewell of the same size but 

having deviation of 10 cm per 30 m in one direction and in one plane only. 

4.9.5.2 The verticality of tube well is to be tested as given in 4.9.4 After the necessary 

computation is made, cross sections of housing pipes at different depths are drawn on a graph and 
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clear cylindrical space is, determined. The cylindrical space of the actual~ constructed tubewell 

shall be referred to as 'G' in the following paragraphs. 

 

         Fig. Clause 4.9.4 METHOD OF PLUMBING A WELL 

 Cross sections of hypothetical tubewell identical in dimensions to the actual tubewell but having 

deviation of 10 cm per 30 m in one direction and in one plane are drawn on the graph sheet and 

the minimum allowable cylindrical space 'H' is determined. 

4.9.5.3 If cylindrical space 'G' of the actually constructed tubewell is equal or more than the 

cylindrical space 'H' of the hypothetical tubewell (having deviation 10 cm in 30 m in one direction 

and one plane), the tubewell actually constructed shall be considered within the permissible limits 

of verticality. 

4.9.5.4 As an example, cross sections of two tubewells Gl and G2 having 300 mm diameter of 

housing pipe have been drawn after computation of verticality results in Fig. G1 and Fig. G2 

while Fig. G3 shows the cylindrical space H of hypothetical 
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                 Fig.G1 

 

                      Fig. G2 

 


