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INTRODUCT' ON 
This uide is iniended for use by all

Man ha, pumped water for centuries who are concerned with the development 
of irrigated land for increasing food pro* to irrig~at e hi > crops duction, in~cluding:
 

oto 1pplv
hi', domestic needs.
 
°goverjmenlt officials
 

An Increasing nCCd to produce more food osocial scientists 
has placed greater de'mands upon pump- °leading farntirs 
ing more and more vater from \here it is- *agricuhuralists
-in rivers, lakes or tiIndcrsrotind--to where oeccnomists 
it is needed to row crop, and also to meet oengiiieers 
domestic needs. 

1I 

The purpose of this planning guide is 
to: 

°Outline the important factors which
 
should be considered when pumping
 

\vat Cr.
 

*Serve as ' "_,.ide 1ven planning pumnp
ing project.,
 

The focus ,1 oh project and in
c{vidaill puunlpin_ em erprise. 

PUNIPING \VATIl CAN MEAN: 

*hi<'licr \ield, can be achieved 

°more Crop> per year can be grown,
 
resiilting in aIhi gher <t andard of living
 

*morc land can be irri,_atCld 

°'liuc'1t1 , 1n\can yield caused by drouthbe redutced f': : 

'bo,,s. mar>he,, and sw\amps can
 
become productive and beneficial
 

*va er ,tlppl\ Cor irriution is more .: 
depenidable 
 Ll ,, -i 

e ndlanha(S lited watwrfor centuries to sup
°ealth conadition, can be ,l41od.V his UltdUs. 
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THE NEED TO PUMP WATER 

The need for increased food production
is great. Projected population increases in 
Asia indicate that by the year 2000, about 
100 million new hectares of irrigated land 
should be developed to avoid serious food 
shortages. 

India has 27 million hectares irrigated 
by lowv lift pumping. Bangladesh is pro
posing to irrigate 9 million new hectares 
by pumping. In Africa, pumped irrigation
provides the best hope for increasing food 
supplies. Also, competition for water bet
ween agriculture, industry and other uses 
will place more emphasis upon localized 
pumping in the fi.ture. 

In many areas of the world, pumping 
water may be the only solution to ir-
rigating lands needed for agricultural pro
duction. 

.. 
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-
Or 

V ,.-y' 

'°" 

One j)rson ni oni, I/['pumip enouIlotI u1Fr 
to irrigateat most one-half hectare iwhen 
the /ift is not more than 2 meters. 
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.At-
One liter of dieselfuel can pump about as 
much water as one man woiking for 5 
days or an ox working I day. 
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POWER SELECTION 

Man and Animal Powered Pumps 

Where irrigation is primarily associated 
with subsistence agriculture and where 
there is no alternative demand for labor, 
man and animal powered pumps can be 
considered for providing irrigatioji watersupplies. 

Mechanical Powered Pumps 

The combined efforts of man andanimals will not be able to supply future 
water needs. The extremely large amounts 
of water needed for food production will
require the use of mechanical powered 
pumps. For example: 

A one-horse mechanical pump 

*operates continually 
*pumps 20-30 times more water than 
man EVERY DAY.., 

Other power sources, such as wind andsun, may some day be an important 
source of energy for man. At the presenttime, their use can only be considered as a
supplemental source. Some areas of the 
world are beginning to use nuclear energy 
to generate electricity and this may
become a vital power source for pumping 
water. 
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Water lifting bi' manualpowtr is /inied
to small flows (low dischr,,e) amid low 
lifts (low heads). 
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.n animal-powered waterwheel. This 
puingif system can Pump about 5 times 
(is much weater as can be pumped by one 

D',p /m)eivellN poweed h v electric 
1l0Uors Sulp/Y mu/ch of'ite walerpumped 
todav tilirowhoul the world. 



POWER SOURCES
 

$85.00* 
The most common and readily

available enetgy sources for mechanically
driven pumps are: 

Gasoline engine driven pumps are suitable 
where vower requirements are below 25 
horsepower. These pumps are portable
and can be used in remote areas. 

Diesel engine driven pumps are usually 
more economical than gasoline. Larger
units can be used and have a long, useful 
life. 

Electric motor driven pumps are often thewhen 3vailable. They
most economical 
have low cost and long life with low 
maintenance costs. 

Propane and natural gas, when available, $19.00 are often quite inexpensive as sources of power. f 
The size of the power unit depends 

upon the amount of water to be pumped, $0.69 $0.82 $1.36 
the total height to which water must be 0
lifted, and the friction losses in the conveyance pipes. Electricity Diesel Gas Oxen Man 

Man and animal power are the oaly $0.05/KWH $0.26/liter $0.33/liter $30/day $5/dayenergy sources used to pump water in 
some areas of the world. However, the Unit cost (U. S. dollars)amount of water pumped is small and the 

cost is large compared to that pumped /

with motors and engines. Comparative costs (U.S. dollars) to pump 1,000 

cubic meters of water to a height of 2 meters in 8 
hours (1.52 BHP at 60% efficiency). 

*This fhure represcnts 16 man-days, ulthotu h it 
may not be a cash outlayfor an individualfamner 
as he might proviae the man power from his own 
family. However, his worth in more productive
labor ought to be considered. 
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PUMP SELECTION 

A wide variety of mechanical pumps 
are available to meet almost any kind of 
pumping requirement. 

They can be classified into three general 
groups: 

Centrifugal 	 Used to pump from canals, 
rivers, lakes, sumps, and 
shallow wells for total lifts 
from 3 to 150 meters. The 
pump is usually located 
close above the water sur-
face. 

Propeller 	 For lifting water from a few
centimeters up to 6 meters. 
Appropriate for low lifts in 
both irrigation and 
drainage and when large 
volumes are to be lifted. 

Turbine 	 For pumping water from 
wells. 

Many different kinds of pumps are 
available within these three groups. 

I w__ 
-


. 
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,A deep) tubewvell deliering waer to an i
riLation canal. 
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PUMPING PLANT DESIGN 

The design of a pumping plant for a
given situation should be based upon: 

1. The amount of water to be pumped. 

2. 	 The lift and changes in lift expected
because of surface water level 
changes or water table changes dur
ing the year and from year to year. 

3. 	 The required pump dischiarge. 

4. 	 The total lift and discharge pressure. 

5. 	 The energy source available and 
respective prices. 

6. 	 The level and availability of
mechanical maintenance and opera
tio n al services. 

After these six conditions have been 
determined, select the type of pump - cen
trifugal, propeller or turbine - and the 
power source which best meets the needs. 

--O 

. 

O,,. ii". 

,-pufmpig plant deslLoned to meet ./huc
niating water levels. The pum 'v and niotor 
are mounted on u ;loumt utd Is the wi'aterin 
the pond or river/ 'ises or loweers so does 
the pump, elinminating the possibility of 
suction loss and damage to the pump. 
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Proper design of the pumping plant is 
essential to maximnum efficiency and 
energy savings. 1Here water is being 
pumped an extra imeter or more in heiglt, 
wasting energy,. 



SELECT THE RIGHT PUMP t 

TO DO THE JOB! FrictionHead - = = = 

For Example: 

A propeller pump will lift a large
volume of water a few meters high at less 
cost than a centrifugal pump. To lift 5.7 
liters/sec to a height of 2.5 meters, the 
horsepower and cost comparisons would 
be: 

Pump Horsepower Cost/month 
type required U.S. dollars 

T H Static 
H 

t 
Draw down 

C 

Propeller 
Centrifugal 

2.5 
8.0 

$65.00 
$214.00 

[Forlow lift pumping Qf largerquantitiesof water 
the cost differential is even greater.] 

A deep well turbinepump, pumping into 
a ditch, showing the components of Total 
Dynamic Head.(TDH) 

In many areas of the world, low lift 
(propeller type) pumps are the most
economical, can be indigenously 
manufactured, and are best for lifting 
water up to a few meters in height. 

Head 

After selecting the type of pump, refer 
to the manufacturer's pump characteristic 
curves and select the pump which most ef-
ficiently meets the design needs. 

TD 

i-- Fricton Head 

Gun 

Statc Headlf 

A centrifugalpump, pumping waterfroin 
a canalthrough asprinkler.Also showing
the components of Total Dynamic 
Head.(TDH) 10 



Every pump has its own pump 
characteristic curve which shows total 
head, i.e., height to which water can be 
pumped (or the pressure it will develop), 
the discharge (or flow), efficiency, and 
power requirements. 

30 

Head Characteristic -

I00 M 

o 

-20 80 .2
E 

"f iciency 
- 15 60 

o 
0 

0-0 40o 

U)
~~Brake Horsepower --L_ 

0 

5 20_, 

0 M
 
0 

0 20 40 60 80 100 120 140 
Capacity ir Liters per Second (lP/s) 

A !Y!)ical ipuI11p cltaracteristiccur1ve for a 
cenri/italpump, showing the relation
./lip.s hiiteenl capaci' oi discharge, 
TDt-. c/iYciencv and brake hiorsepower 
requirenients. 

Ifthe design requirements are to lift 100 
/sec to a height of 15 meters and if fric
tion and other losses equal 5 meters for a 
total dynamic head (TDH) of 20 meters, 
then the pump which this curve was 
designed for will meet these requirements 
and do so at an efficiency ol" 80% with a 
engine or motor that can develop 37 bhp. 

If the design requirements are to lIt 40 
/sec to a TDH of 27 meters, it would re

quire 25 bhp, but ihe efficiency would be 
only 60o. 1 o meet these requirements, it 
would probably be best to find a pump 
from a different curve. 

The reason is the pumping energy costs 
would be almost three times greater per
unit volume of water in the second exam
pie. 

For energy conservation and 
economics, pumps should be selected and
designed to operate near their peak effi
ciency for the given TDH and desired 
discharge. 

11 
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MANAGEMENT AND
MAINTENANCE 

The success of a pump irrigation pro
ject to produce food depends to a great 
extent upon the quality of management. 
This is true on a small farm or on a large
project. This is also true on a 
sophisticated, automated system, as well 
as a simple furrow irrigation system. 

Proper design, proper selection of 
pump and motor, and good management 
means higher pumping efficiency, lower 
energy costs, and better crop production. 

Repairs made on time can mean the dif
ference between success or failure of a 
crop. 

55
 

Management Good Average Poor 

Efficiency High Average Low 

Number of barrels of diesel fuel required 
to irrigate10 hectareswith good andpoor12 12 management and efficiency. Pumping liftis 5 Meters. 



Efficient Operation of 
a Pumping Plant 

Pumping efficie.cy is the ratio of water 
pumped to the energy (fuel or electricity) 
used. 	 1" I T, 

| 440 VOLTS 
128 AMPS1 

4 l/Sec 
8.7 I/Sec 

-Apump and motor operating at A pump and motor operting at 
300"o ef*t'iCi-.ncv Will only pump 651o efficiency will pump more 
this much water, than twice as much water. 

S 57 I/sec 	 BOTH PUNIPS WILL USE THE SAME 
AMOUNT OF FUEL OR ENERGY. 

._______ "___"___ _•__" 	 The difference is 400 cubic meters per .. ..-. X,--- :'-':.,':,:"i-"'"8,da 	 y that is available for use in growing..av -,:.,," 

crops--enough to irrigate an extra 8-10
45 m 	 hectares. 

Repairs made on time can result in 
higher efficiency and considerable energy 
savings. 

v WATER LEVEL 

if.j4 : Punping plan! efficiency Water pumped
 
Energy used
 

A pump and motor operating in the.field
 
at a 65076 efficiency is considered good.

There are alwavs unavoidable energy
 
losses. If a pumping plant efficiency is
 
below 50%, the unit shouldbe repairedor
 
replaced.
 13 
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LEGAL AND 
ADMINISTRATIVE 
OF IRRIGATION 

ASPECTS 

Individuals interested in irrigation
should become intimately acquainted with
the legal and administrative structures us-
ed in their own areas, and then do their 
utmost to improve the exista~g patterns.
The most successful enterprises have been 
those ovned and operated by the water 
users. Irrigation cooperatives operating in 
many parts of the world are successful. 

A 

t 

Other Factors To Consider 
Successful Pumping Project are: 

for a 

SOIL 
CROP WATER REQUIREMENTS
WATER SUPPLY 
AGRONOMIC FACTORS 
ECONOMICS 
EDUCATION AND TRAINING 

-

" 

7 

lrri,, //I(/atd overnmellf ofi'icitlls 
disc'zis~std z/ist"/v ~,['s ColICCT11iII' 

ww.ly'r dit'crv. L)ias,_'.l,_ /2i(/1 m ,',, (Id
1i4istive olTicial. ant.la/rhers Who lstMhe ivater is ss'tH l/ r Sl '''qS/l] o e a 
tion of 4111 irrif',,,a io~ l e/ise 
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SOIL .......... 

A knowledge of soils is necessary for a 
successful agricultural project...a 

, . - ' .. 
., 

*They must be well drained. 
oInfiltfation rates must be determined. 
*If saline and/or alkaline conditions"4.,',, 

exist, they must be corrected. 
*The water holding capacity must be 
known. 

'Ar 
.- . 

t. 

-

The amount of water available for crop 
growth is: 

Soil type Centimeters water/ 
meter depth of soil 

Light-textured sand 8 to 10 cm 

1 edium-textured loam 10 to 17 cm 

Heavy-textured clays 17 to 23 cm 
"Il 

Understandingthe soil, its water holding 
cc'pacitv, and infiltration rate is essential 

to successful agriculture. 

15 



CROP WATER REQUIREMENTS 

-

-* . 

For an agricultural project to be suc- !. .
 
cessful, the water supply muMt be ade-



quate and the pumping system should be 
 , ". ",able to supply the maximum crop water

needs or decreased crop production will 

, 
,i.... 
 ,,; ,. " ,

result. Management and operation must

be flexible to respond to the changing .
 

... crop water needs as plants begin [heirgrowth and approach the harvest stage. . ,-o o, . . .. ,., .... . k 

"-
_. . 

- IV.... !....- fo 
Several methods are available for deter- ,mining crop water needs from climatic ,-:--"

data. One method is correlated with -evaporation from a Class A pan located in 
a fairly large irrigated area. Crop water 
use averages about 800o of the amount of -water evaporated from the pan. Max
imum use at mid-season is about 900 to95% of the pan evaporation rate. , , 

C-rop water needs during all seasons Of 4 ib; fr 

the year must be deitefm-ined for com
parison with available water supply. If ac- '" "
tual local data are not available, anestimate can be used for pre-planning pur- A U.S. l eaf/zer Bureau C/ass .1aoraposes. For example, a pump should con- lon Pan locate In 1a ,al! areatinuously supply about I liter per second Wt1in a lontediplot whicha irriLunteinsafor each hectare irrigated. w Ither a. eomiccl wetherweathertsatiot/. Recommendliewaher 

I1Wslulllre'nts inclutde ina.viilun and 
1iniun711 tetlperatures, solar radiation,
sunshine hours andl relative huiidiv .for 
more precise estuiation of crop water 
needs. 

16 
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Crop water needs (ire greatest at thie flowering or reprodutive stage and 
decrease he/'ore and(aifter. A sucCceSfull pum17ping project musti be designed ac

17 



NNATER SUPPLY .. - .:' . .,. 

Water can be pumped from wells,
rivers, lakes, ponds, reservoirs and 
swamp areas. A careful evaluation of the
adequacy of both water quality and quan-
titv is essential for sound pump irrigation 
planning. 

: 
-

.. -
. _ 

.

. 
i 

-

-

. 

Overpumping of the water supFlV will
result in depletion, water shortages, and 
crop failure. Overpumping from a well
results in a lowering of the water table, in
creased pumping_ costs and even physical
failure of the well. The amount of waterpumped from urderground aquifers
should not exceed the average annual 
amount supplied to the aquifer by
precipitation and other sources. 

There is often significant la, time bet-
ween low rainfall and its effect onstreamfilow and g.iroundwater supplies. 
The effects of a series of drier or wetter 
than normal years is cumulative. A water
supply that is adequa,,.during a period of
favorable rainfall may be most inade
quate during a dry cycle, In many areas,streams dry up within a .onth or 6 weeks 
after the rainy season ends. 

A careful analysis of the water supply is 
essential to prevent serious crop losses in 

, 

' 

-

. 

In '/1er,4e'IC's, a trlCtor-iot1,tc' itl11h 
that uses the tractorenginteiolrpowel'r cal 
he used between cultivation andI harvest 
activities. 

18 



PUMP. 

CANAL 

FARMER 
BRANCHES 

HEAD 
GATE PP 0 

-MAIN 
CHANNELS 

-UMP, 

FIELD 
OUTLETS 

Pumps may be requiredat several places 
in the irrigation system. 19 



OTHER AGRONOMIC FACTORS
 

Pumping the right amount of water is

important from a standpoint of
 
economics and crop production. HIGH YIELDS
However, other agronomic and crop pro
duction practices must also be given proper consideration. For example, applying 
more PROFITSwater to a crop when the fertility
level is low will probably not increase the 

-F 

yield. Applying excess fertilizers when the
water supply is low may even decrease 
 MAINTAIN FERTILITY
yields. Only when water and fertility are
both available to fully meet crop re
quirements can optimum yields be obtain
ed. 

To justify the higher production costs CONTROL WEEDS AND INSECTSusually associated with pump irrigation 
programs, careful attention should bepaid to all necessary agricultural inputs tO 

_obtain optimum or economic yields. 

ECONOMICS PLANT EARLY IRRIGATE PROPERLY 
Any business venture should stand on

its own merits. A subsidized economy is
often not strong and progressive. 

A pumping project should be pro-
fitable. 0..O 

ARO 

-r
 

ROTATION ADEQUATE FERTILIZER 

MAXIMUM BENEFITS ARE DERIVED
WHEN ALL FACTORS ARE PROPERLY 
MANAGED.
 

20 



EDUCATION AND TRAINING 

Irrigation is a powerful tool for preven
ting crop failures, thereby permitting ad
vances to a higher level of agricultural 
technology. Good management is the key 
to success. 

To save or economize on energy and 
water requires skill on the part of both the 
farmers and managers of pump irrigation 
projects. To achieve the level of manage
ment proficiency necessary, it is essential 
to have adequate in-service training pro
grams. The training should be continuous 
through some type of extension program 
and should include all aspects from pum
ping the water to applying it to the soil 
and growing the crops. 

Successful pump irrigation is easier to 
accomplish where well-trained extension 
personnel provide assistance with water 
management and cropping practices. 

Successful pump irrigation requires 
careful investigation of the soil and water 
resources and participation of the 
beneficiaries in the planning and manage
ment of the project. 

Good irrigation management involves the 
farmers who use the water in each phase 
of the project. 

21 
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-. .-.EfILiet 1.~d ImanIagempent requires 
wvater mneasurement. 

Participantsof a training course learning
water infiltrationpropertiesof a soil to be 
irrigated. 
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SUMMARY AND 
CONCLUSIONS 

The success or failure of pump irriga
tion programs depends upon the ade
quacy of natural resources (soil and 
water), the availability and dependability
of fuel, the proper system design, the 
market or demand for the crops to be 
grown, and the various levels of manage- k" 
ment and technical assistance provided. 
Pump irrigation facilities provided on 
credit to individuals and small A.' 
coonci-atives have achieved a good level of 
success where adequate fuel was 
available, the systems were well designed, . 
and mechanics and ample agricultural 
technical assistance was provided. 

Each situation needs to be evaluated 
and all essential elements provided. If any 
important consideration is deficient, then 
steps need to be taken to provide that ele
ment prior to proceeding with develop
men t. 

To achieve an increase in food produc
tion consistent with population growth, a . 
major emphasis is required on 
the irrigated areas. Irrigation 

increasing
alone will The real measure of the success orfailure 

not be either profitable enough or produc-
tive enough without major advances in 
the use of fertilizers and other agricultural 
inputs. Since the more feasible gravity 

of irrigationis not in the amount of water 
pumped and at what cost, but in the 
amount of food production per unit of 
energy' compared with the cost to the 

projects already have been constructed in 
many areas, emphasis on pump irrigation 
is now required. 

country,or areaof providing that amount 
of energy. 
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Irrigation Pumping Planning Guide 

This planning guide was prepared by staff of the 
Water Management Synthesis Project of the Consor-
tium for International Development, with Colorado 
State University and Utah State University serving as 
lead universities. It is also available in Spanish and 
French. 

Prepared in cooperation with the United States Agen-
cy for International Development under contract AID-
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All reported opinions, conclusions and recommenda-
tions are those of the authors (contractors) and not 
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ment. 

Mention of commercial products in this publication is 
solely to provide information. It does not constitute en-
dorsement by AID over other products not mentioned. 
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