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LECTURE ON

DESIGN OF WATER WELLS

CE 3221, Hydrology, Credit=3.00, Contact Hours=3/week
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Introduction:
A water well has to be designed to get the optimum quantity of water  
economically from a given geological formation
❑ The water requirements for the particular schemes –rural water supply , 

agricultural and industrial needs, has to be carefully determined

❑ The choice of open wells or bore wells (tube wells) and the method of well 
design depends upon-

-Topography
-Geological conditions of the underlying strata
-Depth of GW table
-Rainfall
-Climate
-The quantity of water required
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Introduction Cont…

❑ A water well design involves selection of proper dimensions like the diameter
of the well and that of the casing, length and the location of the screen 
including slot size, shape and percentage of opening area
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Well Diameter

The Size of the well diameter should be properly chosen since it 
significantly affects the cost of well construction.

The diameter must be chosen to give the desired percentage of open area
in the screen (15 to 18%), so that the entrance velocities near the screen do
not exceed 3 to 6 cm/sec, so as to reduce the well losses and hence the
drawdown, to exclude the finest particles of sand from migrating near the
slots and prevent incrustation and corrosion at the strainer slots.
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Well Diameter

Depuit’s equation

Qα
1

𝑙𝑜𝑔10
𝑅

𝑟𝑤

For R=300 m, a 60 cm well yields only 25% more than a 15 cm well 
and 12% more than a 30 cm well, which shows that Drilling a large 
diameter well will not necessarily mean proportionally large yields
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Well Depth

❖ The depth of a well and the number of aquifers it has to penetrate is
usually determined from the lithological log of the area.

❖ An experienced driller can decide the depth at which drilling can be
stopped after being advised by the hydrologist who analyses the
samples collected during the drilling.

❖ The well is usually drilled up to bottom of the aquifer so that the full
aquifer thickness is available, permitting greater well yield.
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Design of well Screen

❑ Screen Length: In homogeneous artesian aquifer about 70 to 80% (3/4)of
the aquifer thickness  is screened. 

❑ In case the non-homogeneous artesian aquifer, it is best to screen the most 
Permeable strata.

❑ Theory and experience have shown that screening the bottom one- third 
of the aquifer  provides the optimum design.
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Design of slot Size

❑ The size of slots  depends upon the gradation and size of the formation 
material 

❑ In case of naturally developed wells the slot size is taken as 40 to 70% 
of the size of formation materials.

❑ If the slot size selected on this basis becomes smaller than 0.75mm, then
It calls for an artificial gravel pack.

❑ Artificial gravel pack is required when the aquifer  material 
is homogeneous with Uniformity co-efficient less than 3.00 and effective grain 
Size less than 0.25 mm
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Screen Diameter

After the length of the screen (depending upon the aquifer
thickness) and the slot size ( based on the size and gradation of the
aquifer materials) have been selected , the screen diameter is
determined so that the entrance velocities near the Screen will not
exceed 3 to 6 cm/sec to prevent incrustation and corrosion and to
minimize friction losses
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Selection of Screen

Selection of screen material depends on-
-mineral content of water
-presence of bacterial slimes
-strength requirements
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Selection of Screen

The Screen material should be resistant to incrustation and corrosion 
and should have strength to withstand the column load and collapse pressure.

The principle indicators of corrosive ground water are 
-low pH
-Presence of dissolved oxygen
-CO2> 50ppm (parts per million or mg/l)
-CL> 500ppm

The principal indicators of incrustating ground water are
-total Hardness> 330 ppm
-total alkalinity> 300ppm
-iron content> 2 ppm
-pH> 8
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Open wells Versus Borewells

In choosing the type of  well the following factors have to be 
considered
1. Availability of space
2. Hydrological characteristics of the subsurface strata
3. Seasonal fluctuation of water levels
4. Cost of well construction including provision of water lifting 

appliances
5. Economics and ease of water lifting operation
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Open wells -Advantages

1.Storage capacity of water is available in the well itself

2.Do not require sophisticated equipment and skilled personnel for
construction

3.Can be easily operated by installing a centrifugal pump at different 
Settings for low and high water levels
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Open wells -Disadvantages

1.Large space is required for the well and for excavated material lying 
on the surface like a big mound
2.Construction is slow and laborious
3.Subject to high fluctuations of water table during different seasons
4. Susceptibility to dry up in years of drought
5. High cost of construction as the depth increases in hard rock areas
6. Deep seated aquifer cannot be economically tapped
7. Uncertainty of tapping water of good quality
8. Susceptibility for contamination or pollution unless sealed from 
surface water ingress 
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Tube (bore) wells -Advantages

1.Do not require much space
2.Can be constructed quickly
3.Fairly sustained yield of water can be obtained even in years of 
scanty rainfall
4. Economic when deep –seated aquifers are encountered
5. Generally good quality of water is tapped
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Tube (bore) wells -Disadvantages

1.Require costly and complicated drilling equipment and machinery
2.Required skilled workers and great care to drill and complete the 
tube wells
3.Installation of costly turbine or submersible pumps is required
4. Possibility of missing the fracture , fissures and joints in hard rock 
areas resulting in many dry holes





 Provide well that meets needs of owner

Provide suitable quality water (potable and 

turbidity-free for drinking water wells)

 Provide long service life (25+ years)



DRILLED

DRIVEN

DUG



DRILLED WELLS

 Terminated in glacial drift (sand, 

gravel) or bedrock

 Constructed with rotary, cable 

tool, jetting, hollow rod or auger 

drilling methods



Cable ToolRotary



TYPICAL 
ROTARY WELL CONSTRUCTION

SEQUENCE

OVERSIZED

BOREHOLE 

DRILLED

IDENTIFY

AQUIFER

INSTALL CASING

(& SCREEN)

YIELD TEST

& 

WATER SAMPLING

WELL 

DEVELOPMENT

GROUT

ANNULAR

SPACE

1 2 3

6 5 4



Sanitary well cap

(overlapping &

self-draining

Electrical 

conduit

Well casing pipe

Tight seal

between cap 

and casing



BOREHOLE

Vertical circular 

boring to reach 

aquifer (water 

bearing geologic 

material)

MINIMUM 2 IN. 

LARGER THAN 

CASING IF 

GROUTING

THRU CASING



CASING
Steel or plastic 

pipe installed to 

keep borehole 

wall from 

collapsing



WELL CAP or 

SEAL

Mechanical device 

to prevent 

contaminants 

(including insects) 

from entering well 

casing



SCREEN

Intake device to 

allow water to enter 

well and keep sand 

out

Wire-wrapped screen 

most common



GROUT
Impermeable cement or 

bentonite clay slurry 

placed in annular space 

between borehole and 

casing to:

 prevent well 

contamination

CASING

BOREHOLE

TOP VIEW



WELL GROUTING MATERIALS

BENTONITE

SLURRY

NEAT CEMENT

CONCRETE

GROUT

POWDERED  BENTONITE

&  WATER

GRANULAR  BENTONITE,

POLYMER &  WATER

PORTLAND  CEMENT

&  WATER

PORTLAND  CEMENT, SAND

&  WATER

TYPE COMPOSITION CHARACTERISTICS

FLEXIBLE  LOWER  STRENGTH  SEAL

MOST POPULAR DUE TO LOWER COST 

AND TARGETED MARKETING

WASH-OUT UNDER ARTESIAN PRESSURE

NO HEAT OF HYDRATION

MORE WIDELY USED IN OIL FIELD THAN 

WATER WELLS

HIGHER STRENGTH RIGID SEAL

BEST CHOICE FOR BEDROCK WELLS 

&  FLOWING WELLS

HEAT OF HYDRATION  & 

MICROANNULUS CONCERNS

MORE  PERMEABLE THAN NEAT 

CEMENT GROUT

MORE DIFFICULT TO PUMP (ABRASIVE)

GOOD CHOICE FOR LARGE DIAMETER

WELLS



PVC PLASTIC STEEL

Non-corroding Corrodes

Lower strength Higher strength

Fewer  water quality  Rusty water 

Rotary construction only Suitable for any  

drilling method

1/3 cost of steel

VS.

complaints



DRIVEN WELLS

 Installed in glacial drift only -

CANNOT be driven through 

boulders or into bedrock

 Well point driven into ground 

with post-driver, tripod w/ weight or 

sledge hammer

 1 1/4 in. to 2 in. diameter



DRIVEN WELLS

 Installed by property owners

 Common around lakes and 

high water table areas

MORE SUSCEPTIBLE TO SURFACE 

CONTAMINATION THAN DRILLED WELLS

 Most <35 ft. deep, limited yield 

(7 gpm or less)



TRIPOD

1 ¼ IN. 

CASING

CASING 

DRIVER

WELLS BEING

DRIVEN



DUG WELLS
 Large diameter (18-48 in.)

 Found in low yield areas

 Casing material - concrete crocks 

w/ loose joints 

Older wells: stones, brick-lined

 Water enters well through loose 

casing joints



DUG WELLS

 Older wells - hand dug

 Low well yield - storage in casing 

(100’s of gallons)

 HIGHLY VULNERABLE TO 

CONTAMINATION



SHALLOW UNSANITARY DUG WELL



OLD HAND-DUG WELL 

LINED WITH FIELD STONE
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