E35 – Main types of hand pumps.
General fact sheet
20 March 2012

1) What is involved ?
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Provide easier access to the water of a well or an aquifer, while minimising the risks of water
contamination and child accidents associated with uncovered wells, through the use of a manually
operated pump.

2) Who chiefly use this means and since when ?
The pump principle has changed little since its inception, whether for the piston pump invented in 275 BC
by Ctesibius, or the rope pump invented in the 1st century BC in China.
These pumps were still commonly used in the countryside in the United States and Europe in the 19th
century. One pump was usually sufficient to supply a family and its livestock with water. Although this
technique fell into disuse with the advent of mechanisation and electrification, it is still widely used in
developing countries.

3) Why ?
It is a relatively inexpensive technology, demanding little complicated maintenance, which can usually

be carried out by communities, and which provides access to water that is kept pure and often almost
free.
In cases where maintenance is neglected, often uninterrupted use of the pump causes premature wear of
parts and sometimes irreversible degradation of the mechanism, calling for the pump to be replaced. This
explains why the pump is a success in some villages at first and then abandoned a few years later.
Indeed, in some countries or regions it has been repeatedly observed that more than a third of wells or
boreholes are abandoned after a few years due to an unsuitable choice and/or lack of maintenance,
repair facilities or spare parts.
Before installing a pump, a village pump or water point management committee, consisting of
representatives of all categories of its inhabitants and responsible for ensuring the proper use and regular
maintenance of the facilities, collecting maintenance contributions and raising community awareness to
health problems, thus needs to be set up or strengthened

4) Who is primarily concerned ? Places in which this means
appears to be the best suited
This technology is limited by its instantaneous pumping ability. It thus mainly concerns rural and
suburban areas not connected to a town sewerage system.

5) What does this process involve ? How is it used ?
There are dozens of models of hand pumps and several ways of
classifying them.
They are chosen on the basis of their lift height or operating speed,
which varies according to the depth and the pump type.
A distinction is thus made between so-called suction pumps that
can only be used for low lift heights (less than about 7 m such as the
VN6 or Shalowell pumps in Asia), which are the cheapest and
pressure pumps including :
- pumps with an average lift height (8 to 20 m such as the Tara
pump),
- pumps with an intermediate lift height (up to 45 m or 60 m) such as the India Mark II, Afridev, HydroIndia 60 Vergnet, Afripump or Kardia pumps),
- pumps with a high lift height (up to 80, 100 or 120m such as the Monolift, Volanta and India Mark III
pumps.).

Specificity of pressure pumps
They allow water to be delivered higher than ground level. The capacity of a pressure pump depends on
the water pressure in the pump body. In this case, it is the knowledge of the total dynamic head (TDH =
Suction height + pressure head proper) that allows, among other things, the required pump type to be
chosen.
Note : those who want to know more about the specific method of calculating this TDH can refer to the
first page of the following document :
Leroy Sommer. Pumps - Selection method. available, on line at :
http://www.midibobinage.fr/UserFile...

To better understand their characteristics, however, it seems preferable to instead divide them into three
broad categories according to the technology used for the "pumping" part : piston, diaphragm or
rotor.
They can also then be further broken down according to their transmission type : through linkage, cable,
chain or hydraulic control, and according to their control system : through lever, handwheel, crank handle
or pedal.
Finally, various categories of materials are used : iron, steel, stainless steel, PVC, etc. This is, among other
things, what often makes the difference in the strength, weight and price of pumps.
And finally, it can be added that the two main hydraulic parameters characterising a hydraulic pump,
irrespective of the model, are :
- its flow rate (in litres/hour or in m3/h)
- its total dynamic head (TDH), equal to the sum of the lift height and its discharge height, excluding
head losses. The higher this value, the lower the flow rate.
(the lift height, which is theoretically limited to 10.33 m, but in practice is 7 or 8m taking head losses into
account, corresponds to the negative pressure required to create suction in a pipe and lift the water).
Each pump is characterised by a curve (graph) most often representing its TDH versus its flow rate, which
it is best to be aware of before purchasing.

a) Piston pumps
There are two types of piston pumps according to whether the piston is initially outside the well (suction
pump with a piston emerged or submerged under the water level. If permitted by the hydraulic conditions,
which is not the case in many villages, it is preferable to use emerged piston pumps (lower cost, ease of
maintenance and repair)
Suction piston pumps (emerged piston)
The piston pump’s operating principle is slightly different according
to whether the pump is in the priming phase or operating phase.
The priming phase is the phase during which water is poured into
the pump body while the pump arm is actuated to lift the water
thereby creating sufficient suction to cause it to rise.
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When the lever arm is lowered, the rod to which the piston is attached is pulled. During the upward stroke
of the piston, the valve mounted on it is closed whereas the lower valve is opened. This causes water to be
drawn into the pump body. When the arm is raised again, the rod descends with the piston whose valve is
opened, whereas the lower valve is closed again under the weight of the water. The water thus flows
above the piston.
Then when the arm is lowered again, the rod pulls the piston upwards. The valve mounted on the piston
closes again and water is pumped to the surface. At the same time, during its upward stroke, the piston
draws water from the well in the lower part of the cylinder, as the lower valve is opened. This thus
completes the cycle.

Although these pumps are the least expensive (costing around €100 to €200), they are often more fragile
and deteriorate quickly if the
pumped water is abrasive or muddy. They work down to a depth of 7 m and are therefore mainly used
for wells with a low water level.
Note : although a pump’s lift height varies from one model to another, for a given model, it also varies
with altitude. So in mountainous areas, a suction piston type hand pump can only be installed, for
example, if the groundwater depth does not exceed 5 metres for a site located more than 1200 metres
above sea level.
Piston type displacement pumps (immersed piston type)
Although the pump body is located below the water level, the principle of the movement of the
valves and the piston is the same as in the case of suction pumps. There is no need to prime the pump,
however, as the pump body is already under water.
The main advantage of these pumps compared to previous ones is that they can operate at greater depths
(often about 45 m but sometimes 100 or 120 m). Maintenance and repair will, however, be more difficult
and costly as they require the extraction of buried parts.
Examples of pumps of this type : India Mark II, Hydro-India 60 Vergnet, Afridev, Afripump (See fact sheet
E 37)

b) Rotor pumps
These pumps consist of a moving, single threaded helical rotor rotating in a fixed, double threaded
helical stator. The geometry and dimensions of these two parts are such that when the rotor is inserted
into the stator, a double chain of sealed cavities (cells) is formed.
As the rotor turns within the stator, the cells move spirally along the pump axis without changing shape or
volume, thereby transferring the product from the suction inlet to the discharge outlet.
These relatively efficient pumps have the advantage that they do not use valves or seals which
generally pose wear problems.
These pumps also provide access to relatively deep groundwater (45 metres) or can be used to pump
water if the required lift height is low. In addition, they can also be used for pumping dirty or
abrasive water without significant risk of damage to the pump.
Their maintenance and repair are, however, often somewhat complex and require the involvement of
specialised technicians.
Example of this type of pump : helical rotor, Monolift crank pump, which can draw water from a depth of
100m and discharge it at a height of 15 m, but the "factory" price of which is already €2,200 m for a
suction depth of 60 m.

c) Diaphragm pumps
These pumps consist of a flexible sleeve with a diaphragm
or balloon, placed inside a rigid cylinder located below
the water level. The sleeve is inflated and deflated through
the use of a hydraulic system actuated by an actuating
arm.
When the operator depresses the lever, the sleeve is
inflated, resulting in an increase in the pressure of the
water in the rigid cylinder which causes the discharge
valve to open and the suction valve to close. The water is
then discharged to the surface.
When the operator raises the lever, the sleeve is deflated,
resulting in a decrease in the pressure of the water in the rigid cylinder which causes the suction valve to
close and the cylinder to be filled.
These pumps can also operate at quite high depths (40 m). They provide perfect sealing, especially

when compared to piston pumps and better mechanical efficiency as there is very little friction in the
mechanism. They work with no problem with muddy or abrasive water.
Example of this type of pump : the Hydro-India Vergnet 60 pump. Note that similar, treadle-operated
models (See Fact sheet E 39 "Treadle pumps") can reach depths of 60 or 120m)

6) Main advantages and drawbacks and cost of pumps
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This information can be found in Fact sheet E 36 "Advantages and drawbacks of hand pumps. How
should they be chosen and maintained ?" and more specifically still for the main pumps in Fact sheet
No. E 37 "A few examples of hand pumps".

7) Recommendation : hand pump models. How are they
chosen ?
If you want further information on certain common models of pumps and on how to choose a pump, we
recommend you refer to fact sheet E 36 "How do you choose and maintain a hand pump ?
Examples of pumps"

8) Where to obtain further information - Bibliography
a) Websites
- RWSN (Rural Water Supply Network) : Comprehensive illustrated document, in English, reviewing a
large number of hand pumps in great detail, and entitled "Handpump Technologies". Available at :
http://www.rwsn.ch/prarticle.2005-1...
or the specific Guide in French : "AFRIDEV pump maintenance and user manual" (60 pages)
http://www.rwsn.ch/documentation/sk...
- Agronomic Institute of Morocco : 10-page article by Karim HOUMY. Technical Aspects of Hand
Pumps. Available at :
http://anafide.org/doc/HTE%2075/75-...
- AFD (Agence française de développement) : Very interesting, illustrated and wide booklet (86 pages but
in french) on pumps, but also on boreholes , rural water management and water research : "Réalisation et
gestion des forages équipés d’une pompe à motricité humaine en Afrique subsaharienne"
http://www.afd.fr/webdav/shared/PORTAILS/SECTEURS/EAU_ET_ASSAINISSEMENT/pdf/GUIDE-RURAL.
pdf
- ACF (Action contre la faim - Action against hunger) : 27-page, comprehensive, well documented excerpt
("Water pumping") from its broader 744-page book entitled "Water-Sanitation-Health and safety for
populations at risk
http://www.watersanitationhygiene.o...
- FAO : 346-page book (1986) entitled "Water lifting devices". Although it contains many hydraulics

concepts and diagrams for all types of pumps, it is only intended for those who really want to know much
more about the subject. Is responsible available at : http://www.fao.org/docrep/010/ah810...
- CINAM (Industrial and planning company, Montpellier) : Training booklet for training instructors
entitled "The village water point". At the end, several diagrams (Figures 3.1 to 3.33) given examples of
both how 2 good pumps (India Mark 2 and ABI-Vergnet ASM) operate and the locations of their sensitive
points. Available on line at :
http://www.pseau.org/outils/ouvrage...
- WaterAid (NGO, London) : 7-page summary, in English, entitled "Handpumps" explaining the main
types of pumps or techniques used by the association. Available at :
http://www.wateraid.org/uk/what_we_...
- SKAT (Swiss agency for development and cooperation) : 70-page comprehensive, illustrated book,
in English only, entitled "Water Lifting", including several summary fact sheets on pages 65 to 78 on
various models :
http://www.skat.ch/publications/pra...

b) Videos
See the many videos referred to in Fact sheet E37 "Examples of fairly widespread pump models"
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lifting water from wells and water boreholes", 64-page book dealing with all types of pumps, with
pages 1 to 12 and 40 to 44 dealing with hand pumps .
BRGM Tour Mirabeau 39 quai André Citroën 75 015 Paris.
- WHO-UNDP : International reference centre for community water supply. Technical publication.
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