
1.1 Criteria for Hydraulic and Mechanical Design 
Exploitation wells are drilled either for water supply for municipal, industrial, and 
irrigation purposes, or for water table control for drainage purposes. In the current 
project the wells are used for recovery the infiltrated treated wastewater. The principal 
objectives of a properly designed well are:  

1. Pumping water at the lowest cost;  

2. Pumping water that is free of sand and silt; 

3. Minimum operation and maintenance costs; and  

4. A long and economical lifetime.  
 
Hydrogeologic information required for a proper design includes:  

1. Stratigraphic information concerning the aquifer and overlying sediments.  

2. Aquifer-test (pumping tests) analyses of the physical properties of the aquifer.  

3. Water-balance analyses of the sustainable yield, grain-size analyses of 
unconsolidated aquifer materials, and groundwater quality.  

 
Well design is the process of specifying the physical materials and dimensions for a 
well. A good well design depends on many factors, the type of aquifer and its 
characteristic, the depth of water level, the pumping rate, and the type of pumps. Fig. 
6.1 shows the various well sections of a typical well design. The purpose and design 
of these well sections, and their position in the well, are discussed as follows: 

1.1.1.1 Casing Section 

The pump housing is the upper section of blind casing that supports the well against 
collapse, and in which the pump is installed. The length of the pump housing should 
be chosen so that the pump remains below the water level in the well, for the selected 
discharge rate, under all conditions, and over the total lifetime of the well. Pump 
housing is always required when submersible pumps are used. The diameter of the 
pump housing should be large enough to accommodate the pump with enough 
clearance for installation and efficient operation. It is recommended that the pump 
housing be two pipe sizes larger than the nominal diameter of the pump; the diameter 
of the pump depends on the selected discharge rate and the pump type (Delleur, 
2007)1.  

                                                        
1 Delleur J. W., (2007). The Hand Book of Groundwater Engineering, Second Edition.  



 
The production casing is the lower section of blind pipe between the bottom of the 
pump housing and the top of the aquifer. The production casing is not required in 
unconfined aquifers at shallow depth where the pump housing reaches sufficiently 

Fig. 6.1: Typical well sections. 



deep into the top section of the aquifer. The length of the production casing depends 
on the thickness of the aquitard overlying the pumped aquifer. To minimize the head 
losses in the production casing itself, the upward velocity of the pumped water should 
be less than 1.5 m/s. Based on this criteria, Table 6.1 shows casing sizes 
recommended for various pumping rates; for the pipe sizes and pumping rates shown 
in this table, the head losses will be small. Moreover, the diameter of the production 
casing should be smaller than the diameter of the pump housing and should be larger 
or equal to the diameter of the underlying screen section. 
 

Table 6.1: Maximum Pumping Rates for Standard-Weight Casing, Based on an 
Upward Velocity of 1.5 m/s. 

Casing Size Maximum Pumping Rate 
(m3/d) (inch) (mm)* 

4 102 1090 
5 127 1690 
6 152 2450 
8 203 4250 

10 254 6700 
12 305 9590 
14 337 11700 
16 387 15500 
18 438 19800 
20 489 24700 
25 591 36100 

*Actual inside diameter  
(Data from Driscoll, F. G. 1986. Ground water and Wells. St. Paul, Johnson Divison, 
Minnesota, 1089 p.)  

1.1.1.2 Length of Pump Housing 
The actual length of the pump housing is primarily determined by the required depth 
of the pump. The location of the pump depends on 1) the expected depth to which the 
water level inside the well will drop for the selected design discharge rate, 2) the 
procedure to determine the maximum expected water level depth inside the pumped 
well, 3) the expected drawdown of the water level inside the well should be 
determined that includes the aquifer losses and the well losses as presented in Fig. 6.2 
and 4) the drawdown S1 corresponding to the linear aquifer loss can be expressed as 
given in Eq. 6.1: 
 

S1= B1(rw,t) Q   (Eq. 1) 
 

where  
B1: is the linear aquifer losses coefficient in day/m2 
Q: is the pumping rate in m3/hr. 

 
B1 can be calculated using the result of long term pumping test in which the 
Transmissivity T and storativity S can be used to calculate the B1 values as a function 
of rw and t. Well losses are divided into linear and nonlinear head losses. Linear well 
losses are caused by damaging the aquifer during drilling and completion of the well. 



They comprise, for example, head losses due to the compaction of the aquifer material 
during drilling; head losses due to plugging of the aquifer with drilling mud, which 
reduces the permeability near the bore hole; head losses in the gravel pack; and head 
losses in the screen. The drawdown S2 corresponding to this linear well loss can be 
expressed as given in Eq. 6.2. 
 

S2= B2Q   (Eq. 6.2) 
 

where  
B2: is the linear well losses coefficient in day/m2. 
 

Among the nonlinear well losses are the friction losses that occur inside the well 
screen and in the suction pipe where the flow is turbulent, and head losses that occur 
in the zone adjacent to the well where the flow is usually also turbulent. All these 
losses responsible for the drawdown inside the well are much greater than one would 
expect on theoretical grounds. The drawdown S3 corresponding to this nonlinear well 
loss can be expressed as given in Eq. 6.3. 

 
S3= CQP   (Eq. 6.3) 

 
where C is the nonlinear well loss coefficient in dayP/m 3P-1, and P is an exponent. The 
general equation describing the drawdown in a pumped well as function of 
aquifer/well losses and discharge rate thus reads as given in Eq. 6.4. 
 

Sw = (B1+B2)Q + CQP = BQ + CQP   (Eq. 6.4) 
 
where  Sw= S1+S2+S3. 
 
Jacob (1947) used a constant value of 2 for the exponent P. According to Lennox 
(1966), the value of P can vary between 1.5 and 3.5. The value of P = 2 as proposed 
by Jacob is, however, still widely accepted. Values of the three parameters B, C, and 
P can be found from the analysis of step-drawdown tests. 



1.1.1.3 Screen Section 

Important properties of the screen are that it prevents sand and fine material from 
entering the well during pumping, has a large percentage of open area to minimize the 
head loss and entrance velocity, supports the wall of the well against collapse, and is 
resistant to chemical and physical corrosion by the pumped water. The screen 
includes the following characteristics. 
 
1. Screen Material: PVC and fiberglass screens are lighter and more resistant to 
corrosion by chemically aggressive water, but have lower collapse strength than steel 
screens and casings. In practice, PVC and fiberglass-reinforced screens and casings 
will be technically and economically attractive for wells in alluvial aquifers, where 
wells are placed at moderate depths of up to 400 m.  Steel screens are required in deep 
wells drilled in hard rock aquifers. Stainless steel screens combine both strength and 
resistance to corrosion and chemically aggressive water, but are more expensive. In 
the current project, taking into consideration the special requirements, the project 
sensitive nature and the chloride concentration in the ground water, stainless steel 
screens will be used. The extra cost will be compensated by the better durability and 
the saving in screen length where larger opening percentages (reduced screen length) 
can be used in this case. 
 
2. Screen slot size: The selection of the screen slot size depends on the type of aquifer 
and the use of a gravel pack. The screen slot size must be selected to ensure that most 
of the finer materials in the formation around the borehole are transported to the 
screen and removed from the well by bailing and pumping during the well-

Fig. 6.2: Various components of head losses in a pumped well (Delleur, 2007). 



development period immediately after the borehole has been constructed and the 
screen and casing have been installed.  
 
3. Screen length: The screen length should be chosen so as to ensure that the actual 
screen entrance velocity is in accordance with the prescribed entrance velocities as 
listed in Table 6.2. From these screen entrance velocities, the minimum length of the 
well screen can be calculated from Eq. 6.5. 
 

Q = 86400 Ve Lmin A0  (Eq. 6.5) 
where  

Q:  the discharge rate of the well in m3/day 
Ve: the screen entrance velocity in m/s  
Lmin: the minimum screen length in m, and  
A0: the effective open area per meter screen length in m2/m. 
 

In determining the effective open area per meter screen length, it is often assumed that 
50% of the actual open area is clogged by gravel particles (Huisman, 1975). The 
actual open area per meter screen length depends on the type and diameter of the 
selected screen type. Conventional slotted screens have open areas not exceeding 10% 
in order not to weaken the column strength, whereas more expensive continuous slot 
screens of stainless steel or modern PVC screens could have an open area of up to 30 
to 50%. In current project, stainless steel open screen area of 30% will be used. 
 
So the minimum total screen length is determined by the maximum screen entrance 
velocity and the actual screen type. The optimum length of the screen may differ from 
its minimum length. Determining the optimum screen length is rather complex; it 
depends on the following factors: 

(1) All the cost factors that determine the costs of pumping the required discharge. 

(2) The total thickness of the aquifer. In very thick aquifers, which is not the case 
of current project, the deeper penetration of the well will result in a smaller 
drawdown, which reduces the pumping costs but increases the investment costs 
in the borehole; and  

(3) The selected pumping rate.  
 
The total length of the required screen section is found by adding to the actual screen 
length, as outlined above, the total length of sections of blind (unperforated) pipe used 
to case off unproductive layers in the aquifer. The total length of blind pipe depends 
on the distribution of hydraulic conductivity in the aquifer (i.e., the distribution of 
layers of higher and lower hydraulic conductivity). This stratification can be 
determined from the driller's log, geophysical logs, and sieve analysis. 
 
 
 
 
 
 
 



Table 6.2: Recommended screen entrance velocities. 
Hydraulic Conductivity of Aquifer 

(m/d) 
Screen Entrance Velocities 

(m/s) 
>250 >0.03 

250-120 0.03 
120-100 0.025 
100-40 0.02 
40-20 0.015 
< 20 < 0.01 

1.1.1.4 Gravel Pack 

The effect of gravel-packed wells is to ensure that the zone around the well screen is 
made more permeable by removing some formation material and replacing it with 
specially graded material. This relatively narrow zone separates the screen from the 
formation material and increases the effective hydraulic diameter of the well.  
 
A gravel pack is chosen to retain most of the formation material; a well screen 
opening is then selected to retain about 90% of the gravel pack after development. 
Gravel pack material should ideally be clean, rounded, siliceous sands or gravels; 
carbonate material, shale particles, or soluble material such as gypsum should not 
exceed 5% of the total. Gravel pack material should be well sorted to assure good 
porosity and hydraulic conductivity of these materials around the screen.  
 
The gravel pack is designed on the basis of sieve analyses of aquifer samples. If 
aquifer samples from different depths show considerable variation in gradation, the 
gravel-pack design should be based to be stable against the finer-grade samples. 
Numerous investigators and agencies have experimented to develop formulae or 
criteria that will result in a stable gravel-pack gradation. According to Anderson 
(1995), the following criteria have generally been found satisfactory in actual practice 
and thus will be used in current project. It should be mentioned that, actual selection 
of gravel pack will be reevaluated during the construction stage in accordance with 
existing soil profile at each well. 
 

1. Aquifer material with uniformity coefficient less than 2.5: Use uniform 
gravel-pack material with a uniformity coefficient less than 2.5 and with the 
D50 of the gravel pack 4 to 6 times the D50 of the aquifer. 1f uniform gravel 
pack is not available, use a gravel pack with uniformity coefficient between 
2.5 and 5 and with the D50 of the gravel pack not more than 9 times the D50 of 
the aquifer.  

2. Aquifer material with uniformity coefficient between 2.5 and 5: Use uniform 
gravel-pack material with uniformity coefficient less than 2.5 and with the D50 
of the gravel pack not more than 9 times the D50 of the aquifer. If uniform 
gravel pack is not available. Use a gravel pack with uniformity coefficient 
between 2.5 and 5 and with the D50 of the gravel pack not more than 12 times 
the D50 of the aquifer.  

3. Aquifer material with uniformity coefficient greater than 5: Multiply D30 of 
the aquifer by 6 and 9 and locate these points on the sieve analysis graph. 



Draw two parallel lines through these points having a uniformity coefficient of 
2.5 or less, and specify gravel-pack material that will fall between these lines. 

 
In the current project and in accordance with soil profiles in the area, case 3 above 
is expected to control the design as explained in the design section in this report. 
 
Although smaller thicknesses already fulfill the objective of a gravel pack, the 
thickness of a gravel pack should at least be 76 mm to ensure that a continuous layer 
of filter material will surround the entire screen. Under most condition, the upper limit 
of gravel-pack thickness should be about 200 mm because the energy created by the 
development procedure must be able to penetrate the pack to repair the damage done 
by drilling, break down any residual drilling fluid on the borehole wall, and remove 
finer particles near the borehole (Delleur, 2007). 

1.1.1.5 Well Development  
The principal purpose of well development is as follows: 

1. to remove the fine materials adjacent to the well bore,  
2. to increase porosity and hydraulic conductivity of the aquifer and gravel pack,  

3. to remove any mud cake or compacted zone that results from the actual 
drilling, and 

4. to minimize or eliminate sand pumping. 
 
Upon completion of drilling, most wells require development to reach maximum 
efficiency. This is particularly true of wells producing from unconsolidated aquifer 
material sand those in which an artificial gravel pack has been placed around the well 
screens. In addition, many wells may require periodic redevelopment to restore 
production capacity that has been lost as a result of such factors as encrustation of 
screens, clogging of screens by fine particles into a gravel pack. The following 
discussion summarizes some developments and procedures. 
 
The method of removing finer material from water-bearing formations is by over 
pumping, that is, pumping at a higher rate than the well will be pumped during 
exploitation. Over pumping, by itself, seldom produces an efficient well because most 
of the development action takes place in the most permeable zones dose to the top of 
the screen. The same applies to a certain extent to surging/backwashing. It consists of 
pumping a well at a high rate for a short period, shutting down the pump to allow 
water in the column to fall and backwash the screen, and then repeating the process 
until the discharge is clear. Although over-pumping and backwashing techniques are 
widely used, and in certain situations may produce reasonable results. 

1.1.1.6 Minimizing Maintenance 

The performance of a well usually declines after some years of operation, resulting in 
higher drawdowns and higher pumping costs. The well is in need of rehabilitation 
when the specific capacity of the well becomes so small that the pumping costs 
increase or the discharge rate of the well can no longer be maintained. Before that 
time, the well needs to be rehabilitated. An effective well-maintenance program 



begins with good records being kept of the well's construction, including good records 
of the geological conditions, the position and types of aquifers and aquicludes, water 
quality, and the specific capacity of the well, determined during well testing.  
 
Every type of well requires its own maintenance program. Driscoll (1986) provides a 
checklist to evaluate the performance of well. The major causes of a reduction in well 
performance are: 
 

1. A reduced well yield due to chemical encrustation or clogging of the screen 
due to bacteriological activity; 

2. Plugging the formation around the well screen by fine particles of clay and 
sand in the pores; 

3. Pumping of sand due to poor well design or corrosion of the well screen;  

4. Collapse of the well screen due to chemical or electrolyte corrosion of metal 
well screens. 

5. Deterioration of pump impellers due to for example the existence of high level 
percentage of sand in the pumped water. 

 
The use of hypochlorite is a relatively safe and convenient alternative to chlorine gas. 
The occurrence of iron bacteria in wells can be prevented by disinfecting the well and 
the pump immediately after installation.  
 
Physical plugging by clay and silt particles can best be prevented by proper well 
development after the well screen has been installed. The removal of fine particles 
from the formation immediately around the screen can best be achieved by washing 
and brushing the screen with dispersing compounds such as sodium tnpolyphosphate 
(STP) and other types of polyphosphates.  
 
Sand pumping causes the abrasion of pump bowls, which leads to failure of the pump. 
Sand pumping results from over-sized slots in screens, over-sized gravel pack, 
corrosion of the well screen, inadequate development of the well or too-high entrance 
velocities, causing the transport of sand from the formation toward the well. One of 
the above conditions, or a combination of them, results in sand from the formation 
entering the well. Remedying this problem may be uneconomical: it may be better to 
drill a new well. The best alternative, if possible, is to replace the screen or to place an 
inner screen inside the original well screen.  
 
Corrosion of well screens can severely reduce the lifetime of a well. Chemical 
corrosion occurs especially when metal well screens are used in aggressive and saline 
water loaded with gases like hydrogen sulfide, carbon dioxide, and oxygen. Corrosion 
can be prevented by applying nonmetal screens or, when the water is not aggressive, 
only metal screens of stainless steel and low-carbon steel. As mentioned earlier 
screens of stainless steel will be used in this project. 
 
Finally, to pump water from a well in the most economical way, proper maintenance 
of pumps and engines is a prerequisite. Pump and engine manufacturers prescribe 



periodical maintenance of their products. Maintenance procedures depend on the 
pump type. They include the adjustment and replacement of impellers, bearings, 
stuffing boxes, and bowl assemblies. A complete analysis of pump and engine 
maintenance is beyond the scope of this chapter, so readers are referred to the 
maintenance procedures specified by manufacturers. 
 
Complete well records can be kept at relatively minor expense, and these are 
indispensable in determining the causes of well failure and selecting the maintenance 
and rehabilitation program. 
 
A comprehensive maintenance program for the current project will be developed after 
the design stage. 
 


