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WELL DESIGN AND CONSTRUCTION, SELECTION AND MAINTENANCE
OF IRRIGATION PUMPS

Introduction

Water resources available for irrigation include the surface water and groundwater. The
groundwater is a replenishable resources and its depth below ground surface fluctuates
depending upon the recharge and pumpage in the region. The groundwater is withdrawn from the
aquifers using the tubewells and pumps. Various types of tubewells, design, construction
procedure, troubles, remedial measures, and type of irrigation pumps in the alluvial soil, their
selection, principle of operation, installation, maintenance, troubles and remedies are discussed
in this session.

Type of Tubewells

Three type of tubewell are used for irrigation
- Cavity type tubewell

- Strainer type tubewell

Cavity type tubewell: A cavity well (Fig.1) is a shallow tubewell drilled in alluvial formation. It
does not have a strainer and water enters through the bottom of the well pipe from a cavity. The
well casing rests on a thick and impervious layer lying above the water bearing formation. Cavity
well are very economical and can be adopted where the strata permits its construction. An
essential requirement of cavity wells is that it should have strong and dependable roof
(impermeable layer) (Khepar et al 1986). Minimum thickness of about 3 meter is usually
recommended for the impervious clay stratum to act as roof of cavity.

Strainer type tubewell: These tubewells use well screen for entry of water from the surrounding
aquifer (Fig 2.). The well screen is located opposite the water bearing strata and the remaining
depth of the tubewell as plain pipes. The annular space between the tubewell assembly and the
walls of the bore gets filled with natural formation material when the casing is taken out. A bail
plug is provided at the bottom of pipe and strainer assembly (Michael 1978).

Gravel packed tubewell: Gravel packed wells are installed when there is the presence of a fine
and uniform layer of sand in the aquifer. This sand require a screen with very small slot opening
and even then the sand is so fine that it does not stop coming out of the tubewell along with
water. The use of gravel packed tubewell is recommended in such aquifer formations. The
selection of the grading of the gravel pack material is based upon the finest material in the
aquifer. The gravel packed material should consist of clean, well-rounded smooth grain. The
thickness of the gravel pack is usually kept as 75-100 mm.



Type of Strainers

Coir strainer
Agricultural strainer
PVC strainer
Slotted pipe strainer

Coir strainer: The coir strainer is low cost screen for shallow tubewells (Fig. 3). It is made by
winding a coir chord of 3-5 mm diameter spirally around a circular array of mild steel
longitudinal rods or bars. The frame is strengthened at suitable intervals with iron rings of 1 cm
x 3 cm cross section. One end of the longitudinal rods is welded to mild steel pipe socket which
are threaded. The other end is welded to a threaded pipe ring which can be fitted to the socket
end of the proceeding screen section. Hence each length of the strainer can be joined to the next.
The entire surface of the coir acts as screen, allowing water to enter to enter into it and at the
same time preventing the entry of sand. The main limitation of the coir strainer is its short life of
about 3-5 years. The chief cause of its failure is the rusting of iron bars of the supporting frame.
This weakens the strength of the coir string at the contact points. Coating the iron frame with
bitumen or paint enhances the life of the strainer. Another cause of failure is the loosening of the
coir string which expand on wetting. Winding the string under a suitable tension increases the
life of the coir screen. The coir strainer can’t withstand the high pressure developed during the
development of the tubewells by an air compressor. Therefore such wells can develop only by
pumps. Inspite of the above limitations, the coir strainer is popular in shallow tubewells because
of its low cost.

Agricultural strainer: Agricultural strainer consists of perforated galvanized iron pipe on which
iron strips of 1 cm width and 3mm thickness are welded. The perforations are made with a
drilling machine. They are so arranged that theses strips do not cover the perforated portions.
Copper netting are wrapped and soldered over the iron strips (Fig. 4). The adaptability of
agricultural strainer is almost the same as that of the coir strainer. It could however be used for
comparatively deeper wells. Its performance is better than coir strainer, in case of formations
having fine silt particles. It is more expansive than coir but is more durable (about 10 years).

PVC strainer: The PVC strainer consists of PVC pipe having 12mm-18mm diameter holes on
16percent to 25percent area of the surface of the pipe. A polythene mesh is wrapped over the
holes to prevent the entry of sand particles into the filter. The plastic pipes being non-metallic are
resistant to corrosion. They have comparatively low coefficient of friction and hence give better
hydraulic performance.

Slotted pipe strainer: Slotted pipe well screen are usually used with gravel pack around them,
primarily to prevent the entry of fine sand. Such screens are adopted in case of aquifer
formations having mixture of fine and coarse particles, or incase of relatively deeper wells. Mild
steel slotted pipe well screens (Fig. 5) are usually made up of medium and heavy duty mild steel
pipes. The shape and size of the slot should be such that the aquifer material or gravel is not
allowed to block the open area of screen. The total open area varies from 15-22 percent of the
surface area of the pipe. Based on sieve analysis of aquifer material, the size of the slot is
determined such that the finer fractions of the formations are removed during the development



stage of the tubewell and coarser fractions are retained around the well screen. The slots should
not be wide enough to cause the entry of gravel and consequent plugging of the screen. The
standard slot sizes commonly used are 1.6 and 3.2 mm wide and 10 cm long. The minimum
spacing between slots is 3 mm. The slots are so arranged as to obtain an even distribution of flow
over the entire periphery of the screen. They are distributed in groups of 3 or 4 and arranged so
that the slots of one group are not in line with those of the adjacent row, in order to provide
adequate strength to the well screen. The slotted pipe is threaded at both ends. The bottom end
of the slotted pipe is fitted with blind pipe 1.25 m long with a cap called a bail plug at the
bottom. The bail plug has an ‘eye’ fixed inside in order to facilitate the extraction of the tubewell
assembly in case of failure.

Design of Tubewells

Design of tubewell involves selecting the appropriate dimensions of the various
components and choosing the proper material to be used in its construction. A good design
should aim at efficient utilization of the aquifer, long useful life, low initial cost and low
maintenance and operation costs. For designing of tubewell, the information about well log is
required.

The design of tubewell involves the following steps:
1. Design of housing pipe and well casing
2. Design of well screen
3. Design of gravel pack

Design of housing pipe and well casing

Diameter of housing pipe:

The housing piping is enlarged section of the well casing at the top of the well, in order to
house a deep well turbine pump or submersible pump. It should be large enough to
accommodate the pump with adequate clearance. The annular space between the pump and the
inner diameter of the housing pipe also permits the measurement of the depth to pumping water
level. The housing pipe should be at least 5 cm more in diameter than nominal diameter of the
pump. The diameter and thickness of the housing pipe (steel pipe) is given in Table 1.

Table 1: Diameter and Thickness of the housing pipe of tubewells for different sizes of
turbine/submersible pumps (Michael and Khepar 1989)

Discharge (I/min) Nominal diameter of | Diameter of the | Thickness of the
the pump (cm) housing pipe (cm) housing pipe (mm)
475 12.5 15.0-20.0 1.5-3.5
1150 15.0 20.0-25.0 1.5-3.5
2275 20.0 25.0-30.0 2.0-35
4550 30.0 35.0 2.0-5.0
7500 35.0 40.0 2.0-6.0
11500 40.0 45.0 2.0-6.0




Depth of housing pipe

The depth of housing pipe below the ground level is selected such that the pump is
always submerged in water. Since the pump is lowered in the housing pipe, it must be set a few
meters below the lowest drawdown level, taking into account the seasonal fluctuations in the
water table, interference from adjoining tubewells and the likely lowering of the water table due
to future development of groundwater in the area.

Diameter of well casing pipe

The diameter of the pipe of the well section below the pump housing is fixed by the
permissible velocity of water through the pipe. A velocity of 2.5-3.0 m/s is found to be most
suitable. The relationships- Q/v = a and a = I1d%/4 .Where, ‘Q’ is the discharge, ‘a’ is the area of
cross-section of pipe, ‘d’ its diameter, are used to determine the pipe size.

Bore size and Well depth
i) Bore size Bore size of a tubewell should be at least 5 cm higher in diameter than the
casing pipe in order to facilitate the lowering of pipe. If gravel pack is to be used then
the bore size is to be increased based on thickness of the gravel pack.
i) Well depth The depth of a tubewell depend on the location of water bearing
formations, recharge and economic situation.

Selection of the strata to be screened

A well log showing the location of water bearing formation is prepared by taking the
sample of different formations encountered during drilling. From the well log, the water bearing
formations where well screen is to be installed are identified. The criteria for providing the well
screen is that well screen is put against the confined aquifer leaving 30 cm depth both at the top
and bottom of the aquifer so that the finer material in the transition zone does not move into the
well. The top of the screen should always be below the lowest pumping water level in the
tubewell keeping in view possible lowering of the water table in future 15-20 years.

Design of well screen
The well screen is the most important component of a well. The life of well is governed

mainly by the life of the screen, which should be carefully designed. The basic requirements of
well screen are:

Q) It should be resistant to corrosion and deterioration.

(i) It should be strong enough to prevent collapse.

(iii) It should offer minimum resistance to the flow of water.

(iv)  Itshould prevent movement of sand into the well.

Minimum length of the screen

To prevent rapid clogging, the minimum length of the well screen for non gravel pack
well is designed on the basis of following equation

Qo )

Ao X Ve

h =



Where,

h = minimum length of the well screen, m

Q, = maximum expected discharge capacity of the well screen, m*/ min
A, = Effective open area per meter length of the well screen, m?
Ve =entrance velocity at the screen, m/min

Design criteria for gravel pack
(@) Uniform aquifer (C, < 2)
dso of pack

should be between 9 and 12.5 (2)
dso of aquifer

(b) Graded aquifer (C, > 2)

dso of pack

should be between 12.5and 15.5  (3)
dso of aquifer

Gravel pack material

The following are the desirable characteristics of a good gravel material:
1. It should be clean
2. The grains should be smooth and round
3. It should be hard and insoluble.
4. 1t should be uniform in size.

Example: Design a tubewell assembly for the well log shown in Fig. 5. The grain size

distribution curve of the aquifer lying between 40m and 85m is given Fig. 6
Drawdown

=5m
Seasonal fluctuation of water table =1m
Radius of influence =1000m
Hydraulic conductivity =0.0003216 m/sec
Solution
The expected discharge of the well is given by
2 I1 Kb (H-hy) 4)

Q= In R/ry
Assuming the radius of the well to be 10 cm

2 I1x0.0003216 x 45 x 5

In 1000/0.10

= 0.05 cumecs or 3000 I/min



(1) Design of housing pipe
a) Diameter: The diameter should be large enough to accommodate the pump, with
adequate clearance for installation. For a given discharge of 3000 I/min, the diameter of the
pump is 30 cm and the recommended diameter of housing pipe 35 cm (Table 1).
b) Thickness: the thickness of housing pipe may be taken as 3mm.
c) Depth: Depth of housing pipe= Water table depth below ground level+ Drawdown+
Seasonal fluctuation + Allowance for submergence of

pump.

Assuming the allowance for submergence to be 5.5m and a clearance of 50 cm between
pump and bottom of the housing pipe, the depth of housing pipe is 15+5+1+5.5+0.5= 27m.

(ii) Design of well casing pipe
Diameter: Assuming a flow velocity of 3 m/s, for a discharge of 3000 I/min, the cross sectional
area of the casing pipe,

Q
a= 5)
Vv
Q =3000 I/min
3000
= cumecs
60 x 1000
3000 1
a=" X =0.0167 m?
60 x 1000 3
a = I1/4 d
ax4
or d=
IT
0.0167 x4 x7
or  Diameter of casing pipe = = 0.0212545 = 0.1457metre

22 =~15¢cm

However, the minimum diameter of casing pipe for a discharge of 3000 I/min is 20 cm.
Hence, a plain pipe of 20 cm diameter is selected, which is higher than the calculated value.

Thickness: For a 20 cm diameter, 87 m deep well, 2 mm thickness of pipe is selected.



(iii) Design of gravel pack

The grain-size-distribution curve of the aquifer of material is given in Fig. 6. The grain
size dip dsp and dgo are 0.12, 0.32 and 0.36mm, respectively. The uniformity coefficient is
0.36/0.12 = 3. It is apparent that the aquifer cannot be developed naturally and artificial gravel
pack has to be provided.

The size of the gravel is determined by multiply dso size of aquifer by 12 and 15.5 (the
two limiting values). Hence ds, size of the gravel used should lie between 0.32 x 12 = 3.84 mm
and 0.32 x 15.5 = 4.96 mm. The ds size of the non-uniform aquifer material is indicated by point
A. the lower and the upper limits of the dso size of the gravel pack are shown by two points B
and C, respectively. A line is drawn through points B & C. These parallel lines, define the zone
in which the particle size distribution of the gravel should lie. The particle-size-distribution of
the gravel pack is drawn by joining the bottom of the lower limiting size curve to the top of the
upper limiting curve. The minimum size of the gravel is found to be 3.6mm and maximum 5.6
mm.

Thickness of the gravel pack: The thickness of the gravel pack provided should be 10 cm.

(iv) Design of well screen

Slot opening: the slot size of the screen should be such that it retains at least 90 percent of the
gravel. The djpsize of the gravel pack is 3.9 mm. A slot size of 4 mm is selected.

Percentage of open area: The percentage open area of the screen may be adopted as 20 percent.
is usually kept the same as that of the casing pipe. Hence, it may be kept as 20 cm.

Screen length: the effective area per meter length of the well screen is given by

A, =T1dx10/100=22/7x0.2x0.1
= 0.063 m?
The screen length is estimated by
Qo 3
h = = —— =26.45=27 metre
Ao X Ve 0.063 x1.8

The aquifer thickness is 40 m. therefore it is desirable to provide about 36 m length of
screen, which is more than 27 m and about 90 percent of the aquifer depth. The screen may be
provided in the central portion of the aquifer, leaving equal depths untapped at both ends.

Well Interference
Mutual interference of the well refer to the phenomenon in which the drawdown of the
wells interfering with each other increases and their discharge decreases.

Interference of the well in confined aquifer
The steady state discharge to well in a confined aquifer (Fig. 7) is given by



2TTK b (H - hy)

Q= (6)
I (R/Fw)

Where
b= thickness of the confined aquifer, meter
K= Hydraulic conductivity, m/day
R=radius of influence, meter
rw= radius of well, meter
If three well are installed nearby at the corner of the equilateral triangle at ‘a’ distance
apart the discharge is given by

2T K b (H - hy)

Q= ™

In
rwXaxa
Example: The following data is given:

K= 20 meter/day
R= 500 meter
a= 10 meter
(H - hy)= drawdown= 2 meter
b= 15 meter
rw=5cm

The discharge of each well without interference is given by

2T K b (H - hy)

I (R/Fw)

2[Ix20x15x%x 2

I, (500/0.5)
= 409 m*/ day
The discharge of the each well with interference will be

2T K b (H - hy)

RS

yxXaxa



2[1x 20 x15x 2

500 x 500 x 500

" 0.5x10x10
= 221 m®/day
Reduction in discharge because of interference
409 - 421

= x 100 =45 %
409

Spacing Between Tubewells
In order to avoid reduction in discharge, the adequate spacing between tubewells need to
be kept.

Table 2: Spacing between tubewells for different strata

Type of strata Spacing between tubewells (metres)
Shallow tubewell Deep tubewell
Fine sand 60-120 500-600
Fine to medium sand 120-180 600-700
Coarse sand and fine gravel 180-240 700-800

Well Construction
Percussion Drilling

In percussion drilling, the well bore is formed by the percussive and cutting actions of a
drill bit that is alternatively raised and dropped. The operation breaks the underground
formations into fragments. The reciprocal motion of the drilling tools mixes the loosened
materials into sludge, which is removed from the hole at regular intervals by a bailer.
Simultaneously casing pipes are lowered to prevent the cave in of the material into the bore and
permit continuous drilling.
Hand Boring

Hand boring is extensively used in construction of shallow tubewells in unconsolidated
formations. The hand boring set (Fig.8) is a simple equipment comprising of a tripod, crab
winch, bailer, cutter shoe, loading arrangement for sinking the pipes, chain wrenches, pulley
block, flexible steel wire rope and spanners. The bailer acts as drilling tool and is provided with
cutting edge at its lower end and a hook at the upper end. A flap valve is fitted inside the bailer
just above the cutting edge. The winch helps in winding and unwinding the wire rope when
boring is in progress. The boring pipes are of mild steel and provided with threaded joints. The
lowest end of the casing pipes is fitted with cutter shoe at the bottom which is slightly bigger in
diameter than casing pipe to facilitate easy installation of boring pipes and their subsequent
withdrawal after completion of boring and installation of well casing pipes and screens.



Mechanical percussion boring (Cable tool drilling)

As in hand boring, drilling by this method is also accomplished by operating the drill
bit in up and down motion. The drill bit breaks the hard formations into small fragments and
loosens the material when working in unconsolidated material. In both the cases the
reciprocating action of the tools mixes the crushed or loosen particles with water to form slurry.
If water is not present in the formations it is added to the borehole from the top. The resulting
slurry is removed at intervals from the borehole by means of bailer. The percussion rig (Fig. 9)
consists of (i) Mast, (ii) a three-line hoist, (iii) Spudder for raising the tools (iv) diesel engine to
provide power for various operations. In a 3-line hoist pipe, one line is used for operating drilling
tools-drill bits, the second for operating bailer about 2-5 m long and third for operating boring
pipes. The mast is long enough to allow the longest string of pipes to be hoisted out of the hole,
the minimum height about 10 m. The mast is telescoped to its shortest length and folded at the
top of the machine during transit. The reels have to be large enough to hold sufficient cables for
drilling the deepest holes. The rig is capable of drilling even in bolder formations.

Direct rotary drilling

The direct circulation drilling process involves boring a hole by using a rotary bit to
which a downward force is applied. The bit is supported and rotated by a stabalizer to which the
drilling pipes are attached. The drilling fluid, also called drilling mud, is pumped down through
the drilling pipes. The fluid passes out through nozzles in the drill bit. It then flows upward in the
annular space around the drill pipe, to the ground surface, with the cuttings carried in suspension.
At the surface, the fluid is channeled into a settling pit then into a storage pit. It is again picked
up by pump after dropping the bulk of its load of cuttings. A schematic view showing the basic
principles of direct-circulation rotary drilling is given in Fig. 10. The direct rotary drilling rig is
mounted on trailers and it consist of mud circulating system and rotating and hoisting
mechanism. The circulating system consist of mud pump, pipes, hoses and flow lines, the
mechanism that rotate drill pipe consist of a Kelly, drive mechanism, rotary table and swivel.
The upper end of Kelly connects to water swivel.

Reverse rotary drilling

A reverse-circulation rotary drill works on the same principles as the direct rotary
method, except that the drilling fluid is circulated in the reverse direction to that of the direct
rotary method (Fig. 11). The drilling fluid, which generally clear water, is fed from a tank down
the annular space between the hole and the drill pipe, is recovered along with the drill cuttings
through the drill pipe, generally by means of a centrifugal pump. The process is continuous. The
hole is not cased during drilling and is prevented from cave-in by the hydrostatic pressure of the
drillinhg fluid in the hole and the film of fine-grained material deposited on the wall of the hole
by circulating water. A considerable supply of water, in the range of 3-9 I/s, depending upon the
size and depth of the hole, is required from the time drilling is started till the gravel packing of
the well has been completed.

Well Development

The development of a tubewell is essential to obtain an efficient and long lasting
tubewell. The well development involves removal of finer material from the aquifer, there
enlarging the passages in the water bearing formation to facilitate entry of water into the
tubewell.



Development of cavity well

Cavity wells are development by overpumping. The procedure is to operate the tubewell
at a discharge higher than its design capacity. Since higher input horsepower is required, farmers
generally use tractors as prime movers during well development. Tubewell is operated for long
hours generally 10-12 hrs and then stopped for about one hour. It is again operated and the
pumping cycle is repeated till the tubewell discharges clean water without any sand particle.

Development of strainer well

Deep strainer wells and gravel-packed wells are generally developed by surging and
pumping with air compressor (Fig. 12). To start the development operation, the drop pipe fitted
with T-joint for discharge and airline are lowered into the well. The bottom of the drop pipe is
kept about the 60 cm above the bottom of the well screen. The airline is kept about 30 cm higher
than bottom end of the drop pipe. Air is then turned on from the air compressor and the well
pumped by the air lift principle until the discharge water is free from the sand. The air entry into
the well is then cutoff by closing the valve between the tank and the compressor. The airline is
lowered so that it is about 30 cm below the bottom of the drop pipe. The air valve is quickly
opened to allow the compressed air from the tank into the well. This surges the water outwards
through the well screen. After the operation, the air pipe is raised again, the cycle repeated until
the water discharged from the tubewell (Fig. 13) is free from the sand. The operation of the back
washing and pumping completes one operation of surging. The entire assembly is then raised by
a height about one meter and operations repeated until the entire well screen has been developed.
Finally the air pipe is lowered again to the bottom of the tubewell and the equipment is operated
as a pump to flush out any sand accumulated inside the tubewell.

Common Well Troubles and Remedial Measures

Inflow of sand: The problem of sand flow in the tubewell discharge is experienced in the filter
type of tubewell as well as cavity well. To rectify this problem, the tubewell needs to be
redeveloped. If the problem still persists, it has to be abandoned and a new tubewell need to be
installed.

Reduction in discharge: This problem is generally encountered in filter type of tubewell where
after 4 or 5 years, the filter gets a layer of fine particles over the small perforation of the filter
thereby reducing the flow of water from the aquifer to the tubewell. To rectify such a problem,
the tubewell need to be re-developed. The discharge of a tubewell can also reduced because of
lowering water table. A fall varying from 0.5 m- 1.0 m per year, is experienced in various
regions of the country. The selection of the pump should always be made keeping in view the
future water table scenario so that the pump works efficients for at least 15-20 years.

Land subsidence: Due to excessive removal of sand from the aquifer or weakening of the hard
clay layer, soil on the land surface settles and due to this the tubewell along with the fittings
moves below the soil surface thereby causing failure of the tubewell. Proper safety measures
need to be taken to support the centrifugal pump as well as submersible pumping set with proper
metallic heavy duty wires, masonry or concrete slab supports.



Irrigation Pumps

Mechanically powered water lifting devices are termed as pumps, which are operated
with the help of engine or electric motor. These pumps are capable of lifting large quantity of
water to higher heads and are usually employed for irrigation.

Pump Performance Parameters
Capacity, head, power, efficiency, required net positive suction head, and specific speed are
parameters that describe a pump's performance (Haman et al.1994)
Capacity: The capacity of a pump is the amount of water pumped per unit time. Capacity is also
frequently called discharge or flow rate (Q). In metric units it is expressed as liters per minute
(I/min) or cubic meters per second (m>/sec).
Head: Head is the net work done on a unit weight of water by the pump impeller. It is the
amount of energy added to the water between the suction and discharge sides of the pump.
Pump head is measured as pressure difference between the discharge and suction sides of the
pump.
Power Requirements: The power imparted to the water by the pump is called water horse
power. To calculate water horse power, the flow rate and the pump total head must be known.
The water horse power (WHP) can be calculated using the following equation:

WHP = Discharge (Ips) x Total head (m) (8)

75
In any physical process there are always losses that must be accounted for. As a result, to

provide a certain amount of power to the water a larger amount of power must be provided to
the pump shaft. This power is called Brake Horse Power (BHP)
Brake Horse Power (BHP): The work performed by a pump is a function of the total head and
the weight of the liquid pumped in a given time period.

BHP = WHP 9)

Pump efficiency X Drive efficiency

With direct driven pump drive efficiency = 100%
The efficiency of the pump (discussed below) determines how much more power is required at
the shaft.
Efficiency: Pump efficiency is the percent of power input to the pump shaft (the brake power)
that is transferred to the water. Since there are losses in the pump, the efficiency of the pump is
less than 100% and the amount of energy required to run the pump is greater than the actual
energy transferred to the water. The efficiency of the pump can be calculated from the water
horse power (WHP) and brake horse power (BHP):

Efficiency = WHP x 100 (10)

BHP
The efficiency of a pump is determined by conducting pumping tests. It varies with

pump size, type and design. Materials used for pump construction also influence its efficiency.
For example, smoother impeller finishes will increase the efficiency of the pump.
Net Positive Suction Head: The required net positive suction head (NPSH,) is the amount of
energy required to prevent the formation of vapor-filled cavities of fluid within the eye of
impeller.
Specific Speed: Specific speed is an index number correlating pump flow, head and speed at the
optimum efficiency point. It classifies pump impellers with respect to their geometric similarity




and is defined as speed of geometrically similar pump when delivering 1 m®/sec of water against
a total head of 1 metre
Ns = N x Q2 (11)

Where,

Ns = specific speed rpm
N = pump speed rpm

Q = Discharge in m*/sec
H = Total Head (m)

Two impellers are geometrically similar when the ratios of corresponding dimensions are
the same for both impellers. This index is important when selecting impellers for different
conditions of head, capacity and speed. Usually, high head impellers have low specific speeds
and low head impellers have high specific speeds.

Determination of Operating Conditions

Before a pump is selected, it is necessary to know the conditions under which the pump
will operate. Since most pumps are not very efficient over wide ranges in operating heads, the
most prevalent conditions should be determined and a pump that operates efficiently over this set
of conditions, and can operate under all other possible conditions, should be selected.
These include:
The source of water: The source of water for pumping is either surface water or ground water.
The required pumping flow rate: The flow rate required by the irrigation system depends on the
farm size and type of the irrigation system, crop water requirement, time of operation, and
efficiency of the system.
The total suction head: The Static Suction lift plus the friction in the suction line.
The total dynamic head: For a given irrigation system a pump must provide the required flow
rate at the required head. The total dynamic head for the system is the sum of static head
(distance the water must be lifted), well drawdown, friction head (energy losses) and velocity
head (energy required for water to flow).
It can be expressed as:

Hi=Hs+Hg+ H +H, (12)

where: Hi=total dynamic head of the system (TDH)
Hs=static head (static lift + static discharge)
Hq=drawdown
H=friction loss head
H,=velocity head



Static Head: Static head is the vertical distance from the water level at the source to the
highest point where the water must be delivered (Fig.14). It is the sum of static lift and static
discharge. Static head is independent of the system discharge and is constant for all values of
discharge.
Static Lift: The static lift is the vertical distance between the center line of the pump and the
elevation of the water source when the pump is not operating. If the water elevation of the
source is below the pump elevation, the static lift is positive. If the pump is located at the
elevation below the water surface elevation, the static lift is negative.
Static Discharge Head: The static discharge head is a measure of the elevation difference
between the center line of the pump and the center line of the delivery pipe.
Well Drawdown: As a well is pumped the water level in the well declines. This phenomenon
is commonly called the well drawdown. The amount of the drawdown is a function of the
pumping rate, the aquifer properties, well size, method of construction (well screen, etc.) and
the time the pump is operated.
Friction Loss: When water flows through a pipe there is a loss of head due to friction. This
loss can be calculated using hydraulic formulas or can be evaluated using friction loss tables,
nomographs, or curves provided by pipe manufacturers. The pump must add energy to the
water to overcome the friction losses. The friction loss increases as the square of the flow
velocity.
Velocity Head: Velocity head is the amount of energy required to provide Kinetic energy to
the water. For systems with a high total head this component is very small compared with
other components of the total system head. Velocity head is calculated using the following
equation:

Hy = V?/2g (13)

where:

Hy=velocity head (m)

V=water velocity in the system (m/sec)
g=acceleration of gravity (9.81 m/sec?)

Velocities that are too high will increase friction losses and also may result in water hammer
which should be avoided. Water hammer is a sudden shock wave propagated through the
system.

Pump power requirements: As discussed above
Pump efficiency: As discussed above

Pump Characteristic curves

Every pump can add different amounts of head to water depending on the flow rate. A typical
characteristic curve shows the total head, brake horsepower, efficiency, and net positive suction
head all plotted over the capacity range of the pump. Pump manufacturers provide performance
characteristics called pump characteristic curves. These curves usually show the following
relationships (Fig.15).

o A plot of capacity versus total head.
o The pump efficiency as a percentage versus capacity.
o The break horsepower of the pump versus capacity.



o The net positive head required by the pump versus capacity. The required NPSH for the
pump is a characteristic determined by the manufacturer.

Head Versus Pump Capacity: This curve relates head produced by a pump to the volume of
water pumped per unit time. Generally, the head produced decreases as the amount of water
pumped increases. The shape of the curve varies with pump's specific speed and impeller
design. Usually, the highest head is produced at zero discharge and it is called the shut-off head.
Efficiency Versus Pump Capacity: The curve relates efficiency to discharge. The efficiency of
a pump steadily increases to a peak, and then declines as Q increases further. Efficiency varies
depending upon types of pumps and models.
Brake Horse Power Versus Pump Capacity: The shape of the brake horse power versus
discharge curve is a function of the head versus discharge and efficiency versus discharge
curves.
Net Positive Suction Head Required Versus Pump Capacity: For a typical centrifugal pump the
NPSH, steadily increases as Q increases. To assure that the required energy is available, an
analysis must be made to determine the net positive suction head available NPSH,.

Effect of Speed Change on Pump Performance

The performance of a pump varies with the speed at which the impeller rotates. Varying the pump
speed will result in changes in flow rate, Total Head and BHP according to the following formulas:

(N2/N1) X Q1= Q2 (14)
(Nz/N1)2 X H1 = H2 (15)
(N2/N1)® x BHP; = BHP, (16)
where:

N, = Initial rpm

N2 = New rpm desired

Q =Discharge (litres per second)

H =Total Head
BHP = Brake Horsepower

As an example, if the RPM are increased by 50 percent, the flow rate will increase by
50 percent, the Total Head will increase 2.25 times, and the required BHP will increase 3.38
times that required at the lower speed.

Pump selection

Pump selection is the process of choosing the most suitable pump for particular
conditions of head and discharge in the field. The rate of pumping depends upon area under
different crops, rotation period (interval between two successive irrigation of a crop) and the
duration of pump operation. Mathematically rate of discharge of pump

Q =27.78 AY/RT a7



Where:
Q = Discharge capacity of the pump (Ips)
A = area (ha) under crops
Y = depth of irrigation (cm)
R = rotation period (days)
T = duration of pumping (hrs/day)

The most suitable pump is chosen based upon the pump characteristics curves supplied

by the manufacturers based on the total head and discharge requirement. While selecting a pump
the water table declining rate/year must be taken into consideration so that it works for at least 15
— 20 years.
Pump operating point: A centrifugal pump can operate at a combination of head and discharge
points given by its H-Q curve. The particular combination of head and discharge at which a
pump is operating is called the pumps's operating point. Once this point is determined brake
horse power, efficiency, and net positive suction head required for the pump can be obtained
from the set of pump curves. The operating point is determined by the head and discharge
requirement of the irrigation system. A system curve, which describes the head and discharge
requirements of the irrigation system, and a head-discharge characteristic curve of the pump are
used to determine the pump operating point (Fig.16). The operating point is where the head-
discharge requirements of the system are equal to the head-discharge produced by the pump.

Pump Types:
Various types of centrifugal pumps are most commonly used in irrigation and drainage systems.
Pumps can be classified as shown in Fig. 17.
Centrifugal Pumps
A centrifugal pump (Fig. 18 ) has two main components:

» Arrotating component comprised of an impeller and a shaft

* A stationary component comprised of a casing, casing cover, and bearings
Classification of centrifugal pumps

» Based on axis of rotation: horizontal , vertical
Type of energy conversion: Volute, diffuser
Number of stages: single stage, multi stage
Method of drive: direct driven, gear driven, belt drive
Impeller type: single or double suction

e open, semi open or closed

Monoblock: It is one of the most common types of centrifugal pumps employed for irrigation. It
consists of impeller or rotor and progressively widening spiral or volute casing. The pump is
directly connected to the prime mover, which may be electric motor or engine (Fig. 19).

Direct Coupled (Fig. 20):
Belt Driven (Fig. 21):
Working Mechanism of a Centrifugal Pump

A centrifugal pump is one of the simplest pieces of equipment in any process plant. Its purpose
is to convert energy of a prime mover (a electric motor or turbine) first into velocity or kinetic



energy and then into pressure energy of a fluid that is being pumped. The energy changes occur
by virtue of two main parts of the pump, the impeller and the volute or diffuser. The impeller is
the rotating part that converts driver energy into the kinetic energy. The volute or diffuser is the
stationary part that converts the kinetic energy into pressure energy. The process water enters the
suction nozzle and then into eye (center) of the impeller. When the impeller rotates, it spins the
water between the vanes outward and provides centrifugal acceleration. As water leaves the eye
of the impeller a low-pressure area is created causing more water to flow toward the inlet (Fig.
22).

Installation of centrifugal pump

Location: The pump should be located as near the water supply as possible, when suction lift is
present. The suction lift should be less than 5 m. The pump should be protected against floods
and if it is electric motor driven, it should be located in a dry place. The suction and the
discharge pipes should be naturally aligned with the pump and independently supported to
prevent strain on the pump casing.
Foundation: The foundation should be substantial in order to absorb any vibration and to form a
permanent rigid support for the bed-plate. Each bolt should be installed with a pipe sleeve around
it to allow for adjustment. The inside sleeve diameter should be 2.5 to 3 times the diameter of
the bolt, Place a washer between bolt head and sleeve to hold bolt in position .
Mounting unit on foundation:

a) Put the pumping unit in place on the wedges furnished.

b) The wedges should be placed at four points, two below the approximate centre of the

pump and two below the approximate centre of the driver.
c) By adjustment of wedges, bring the unit to an approximate level.
d) After the wedges have been adjusted, tighten foundation bolts evenly, maintaining the
level of bed- plate.

Grouting unit on foundation: The space between the base plate and the foundation surface is
thoroughly grouted. The material for grouting is one part of Portland cement and three parts of
sand.
Alignment: The pump shaft and the drive shaft should be aligned straight. Wedges place below
the base plate are useful in alignment of the pump with the prime-over as the wedges can based
to raise or lower the pump unit.

Operation of centrifugal pumps
When the pump is started for the first time, the following points should be considered.
» Check the alignment of the pump
» Make sure that the engine or motor will drive the pump in the direction indicated on the
pump body.
» Make sure that the gland is tightly and evenly adjusted and the pump shaft revolved
freely when turned by the hand.
» Check the air tightness of suction pipe and leakage.
 Fill the suction line and pump with water and remove the air from pump casing.
» Attend the lubrication requirements



General maintenance of pumps for maximum working efficiency

» The suction lift should be periodically checked and it should be within the permissible
limits.

» The gland packing in the pump should be checked and replaced if necessary. The water

should drip through the packing at a rate of 15 to 30 drops per minute.

Periodical inspection of impeller of the pump is necessary for wear.

The rpm of the prime mover should be at the rated value.

The alignment of the pump and motor shaft should be checked periodically.

The pump inlet should be maintained, and the pump and engine kept clean. A record of

the pump running hours, problems, servicing, maintenance and repairs should be kept in a

logbook.

*  The pump should be dismantled annually, and the rising main removed from the well and
inspected.

* The inlet screen, foot valve/ reflux valve and pipe threads should be checked, and any
corroded or damaged threads re-cut.

» Badly corroded pipes should be replaced. The foot valve may need a new rubber, or it
may have to be replaced.

» All other repairs, such as replacing the bearings or the impeller, are costly and should be
carried out by qualified technicians.

Periodic maintenance of centrifugal pumps

» After every month check bearing temperature because bearings may run hot due to lack
of lubrication or excess lubricant.

o After every three months drain lubricants in ring oil bearings and wash out bearings with
kerosene. Check the wear in the bearings and replace, if any.

» After every six months replace gland packing. Check alignment of the pump and prime-
mover.

» After every year check thoroughly the unit. Remove bearings, clean and examine for
flaws. Remove packing and examine the wear in the shaft sleeve or shaft. Check
alignment.

Turbine Pumps

A turbine pump is basically a centrifugal pump mounted underwater and attached by a shaft
to a motor mounted above the water. The shaft usually extends down the center of a large pipe.
The water is pumped up this pipe and exits directly under the motor (Fig.23) Turbine pumps are
very efficient and are used primarily for larger pump applications. A turbine pump consists of
impellers placed below the water level and driven by a vertical shaft rotated by an engine or
motor placed at the ground level. The impellers are enclosed by stationery guide vanes. The
passage in the guide vanes gradually enlarges to convert the kinetic energy of water leaving the
impellers into pressure energy. The water is discharged through the discharge column.

Since turbine pumps are most often used for pumping from bores, there is a limit on
impeller diameter and the pressure which can be developed at a given speed. Volute pumps do
not have this physical limitation. When high pressures are required from turbine pumps, extra



impellers (stages) are added to the pump. Turbine pumps are driven by either a line-shaft or a
submersible electric motor mounted below and close coupled to the pump.

Installation of Vertical Turbine Pumps: Deep well turbine pumps must have correct alignment
between the pump and the power unit. Correct alignment is made easy by using a head assembly
that matches the motor and column/pump assembly. It is very important that the well is straight
and plumb. The pump column assembly must be vertically aligned so that no part touches the
well casing. Spacers are usually attached to the pump column to prevent the pump assembly
from touching the well casing. If the pump column does touch the well casing, vibration will
wear holes in the casing. A pump column out of vertical alignment may also cause excessive
bearing wear.

The head assembly must be mounted on a good foundation at least 12 inches above the
ground surface. A foundation of concrete provides a permanent and trouble-free installation. The
foundation must be large enough to allow the head assembly to be securely fastened. The
foundation should have at least 12 inches of bearing surface on all sides of the well. In the case
of a gravel-packed well, the 12-inch clearance is measured from the outside edge of the gravel
packing.

Submersible Pumps

The submersible pump is a turbine pump coupled to a submersible electric motor. A cable
passing though the water supplies power to the motor (Fig. 24). Both pump and motor are
suspended and operate under the water. The pump eliminates the long shaft and bearings that are
necessary for turbine pump. These are particularly suitable for deep settings and also for crooked
wells which are not perfectly vertical. Power is delivered through a heavily insulated electricity
cable connected to a switch panel at the side of the well.

Advantages: Submersible pumps are efficient, high in capacity, require very little maintenance
and are generally very economical for deep wells.

Limitations: The tolerances between the impellers and diffusers are relatively small; therefore,
submersible pumps are unsuitable for pumping water that contains sand or other abrasives.

Installation: Prior to well installation, the pump should be wired, submerged in a container of
water and operated. The size of delivery pipe used for a submersible pump installation depends
on the following:

1. Depth to the water and pumping level.

2. Allowable friction loss in the delivery pipe.

3. Weight of the pump.

Maintenance: No regular maintenance is required on submersible pumps. When a submersible
pump fails, check the pump control box with electrical meters before removing the pump from
the well.



Cavitation Problem in centrifugal pumps

The flow area at the eye of the pump impeller is usually smaller than either the flow area
of the pump suction piping or the flow area through the impeller vanes. When the liquid being
pumped enters the eye of a centrifugal pump, the decrease in flow area results in an
increase in flow velocity accompanied by a decrease in pressure. The greater the pump flow
rate, the greater the pressure drop between the pump suction and the eye of the impeller. If
the pressure drop is large enough, or if the temperature is high enough, the pressure drop may be
sufficient to cause the liquid to flash to vapor when the local pressure falls below the saturation
pressure for the fluid being pumped. Any vapor bubbles formed by the pressure drop at the eye
of the impeller are swept along the impeller vanes by the flow of the fluid. When the bubbles
enter a region where local pressure is greater than saturation pressure farther out the impeller
vane, the vapor bubbles abruptly collapse. The formation and subsequent collapse of these
vapor-filled cavities is called cavitation and is destructive to the impeller.(Fig.25) Cavitation in
a centrifugal pump has a significant effect on pump performance. Cavitation degrades
the performance of a pump, resulting in a fluctuating flow rate and discharge pressure. Cavitation
can also be destructive to pumps internal components. When a pump cavitates, vapor bubbles
form in the low pressure region directly behind the rotating impeller vanes. These vapor bubbles
then move toward the oncoming impeller vane, where they collapse and cause a physical shock
to the leading edge of the impeller vane. This physical shock creates small pits on the leading
edge of the impeller vane. Each individual pit is microscopic in size, but the cumulative effect of
millions of these pits formed over a period of hours or days can literally destroy a pump
impeller. Cavitation can also cause excessive pump vibration, which could damage pump
bearings, wearing rings, and seals. A small number of centrifugal pumps are designed to operate
under conditions where cavitation is unavoidable. These pumps must be specially designed and
maintained to withstand the small amount of cavitation that occurs during their operation. Most
centrifugal pumps are not designed to withstand sustained cavitation. Noise is one of the
indications that a centrifugal pump is cavitating. A cavitating pump can sound like a can of
marbles being shaken. Other indications that can be observed from a remote operating station
are fluctuating discharge pressure, flow rate, and pump motor current. Methods to stop or
prevent cavitation are presented in the following paragraphs.



Net Positive Suction Head :

To avoid cavitation in centrifugal pumps, the pressure of the water at all points within the pump
must remain above saturation pressure. The quantity used to determine if the pressure of the
liqguid being pumped is adequate to avoid cavitation is the net positive suction head (NPSH).
The net positive suction head available (NPSHp,) is the difference between the pressure at the
suction of the pump and the saturation pressure for the liquid being pumped. The net positive
suction head required (NPSHg) is the minimum net positive suction head necessary to
avoid cavitation. It is a function of pump design and is usually determined experimentally for
each pump. Net positive suction head available in the system can be calculated using following
formula:

NPSH, = BP - SH - FL — VP (18)
Where:
BP=barometric pressure
SH=suction head or lift
FL=friction losses in the intake pipe
VVP=water vapor pressure at a given temperature
. (all terms should be expressed in metre of water)

After these calculations are preformed the NPSH, versus Q curve can be used. The NPSH, must
be greater than NPSH; at a given Q to avoid pump cavitation.

Trouble shooting in centrifugal pumps

The major troubles encountered in centrifugal pumps are as follows

1 No Liquid Delivered

Lack of Prime: Fill the pump and its suction pipe completely with the liquid being handled. To
rid the casing and piping of air, open all vent cocks while filling the pump

and pipe. Leave the vents open until clear bubble-free liquid flows from them. Close the
vents and start the pump.

Speed of Pump Driver Too Low: With a motor drive, check to see that it is connected
directly across the line and receives full rated voltage. With alternating-current (a.c.)
motors, check the frequency-it may be too low. Or the motor may have an open phase,
causing it to run at a speed lower than its rated value.

Discharge Head Too High: Check all valves in the discharge line to see that they are
wide open. Be sure that gage valves are not stuck closed by some obstruction in the pipe.
Suction Lift Too High: Check the pump inlet for clogging by mud or some other
obstruction. If a foot valve is used, check it for broken disks or a clogged strainer. Check
the vertical distance between the liquid surface and the pump inlet.

Impeller Plugged: Solids in the liquid may accumulate on the impeller, preventing it from
discharging liquid. Open the casing and clean all parts of the impeller.

Wrong Direction of Rotation: See that the pump turns in the direction of the arrow on its
casing.

Other, less common causes of no liquid being delivered are an air or vapor pocket in the
pump suction line, suction pipe not sufficiently submerged, available NPSH not high
enough, and the total head against which the pump works higher than that for which the
pump is designed.



2 Not Enough Liquid Delivered

With this trouble the pump delivers some liquid but the amount is less than the rated
capacity of the unit at the head at which it is operating. Possible causes include wrong
direction of rotation, speed too low, discharge head too high, impeller clogged, suction
pipe not sufficiently submerged, available NPSH insufficient, and clogged foot valve.
Other causes are:

Air Leaks: These may occur in two places-the suction line or the pump stuffing boxes.
Plug all leaks found in the suction piping.

Low NPSH: Connect a compound pressure gauge to the suction pipe. If the needle
fluctuates rapidly, the liquid in the suction pipe is flashing into vapor.

Worn Wearing Rings: Inspect the rings visually. If they are badly worn, permitting
leakage in the pump, replace all rings.

Damaged Impeller: Remove casing and inspect the impeller. Replace with a new one if
vanes or other parts are damaged or worn.

Undersize Foot Valve: Area of foot-valve openings should be at least equal to that of the
suction pipe, and preferably 1.5 to 2 times as large. The net clear area of the strainer
should be 3 to 4 times that of the suction pipe.

Impeller Eye Too Small:

It is observed that larger the diameter of the impeller eye, greater the capacity of pump.
Apart from this direction of rotation may be wrong, viscosity of the fluid may be very
high, and gaskets might have worn.

3 Pump Discharge Pressure Low

Typical causes of this trouble include too low a speed, worn wearing rings, damaged
impeller, worn packing, gas or vapor in the liquid, too viscous a liquid, wrong direction
of rotation, impeller diameter too small, obstruction in water passages, and worn gaskets.
4 Pump Loses Prime After Starting

There are number of common causes of this trouble. These are incomplete priming, too
high a suction lift, air leaks in the suction pipe or packing glands, gas or air in the liquid,
suction line not filled with liquid, air or vapor pockets in the suction line, inlet not
sufficiently submerged, low available NPSH, plugged seal-liquid piping, or a misplaced
lantern ring in the stuffing box.

5 Pump Overloads Driver

The common causes of this trouble are low discharge head, too high speed, wrong
direction of rotation, too tight packing, distorted casing, and shaft bent or misalignment
6 Stuffing Boxes Overheat

Common causes of this trouble include packing that is too tight, not enough packing
lubricant, wrong grade of packing, not enough seal liquid flowing to the packing, and
incorrect installation of the packing.

7 Excessive Vibration

Gas or air in the liquid leads to a starved suction, as do insufficient NPSH, not enough
submergence of the end of the suction pipe, and gas or vapor pockets in the suction line.
Other causes of vibration include pump misalignment, worn or loose bearings, rotor
unbalanced because of a plugged or damaged impeller, bent shaft, improper positioning
of a control valve in the discharge, and a non rigid foundation.



8 Bearings Overheat

The causes of this problem include too low an oil level, a poor or wrong grade of oil, dirt
in the bearings or the oil, moisture in the oil, a clogged or scaled oil cooler, failure of the
oiling system, not enough bearing cooling water, bearings too tight, misalignment, or oil
seals fitted too closely on the shaft.

9 Bearings Wear Rapidly

Excessive wear of sleeve, ball, or roller bearings may be caused by misalignment, a bent
shaft, vibration, excessive thrust from a mechanical failure inside the pump, lack of
lubrication, wrong bearing-installation procedures, dirt in the bearings, moisture in the
oil, and excessive cooling of the bearings.
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Figure 1. Cavity type tubewell
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Figure 2. Strainer type tubewell
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