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CHAPTER - I

I NT RODUCTI ON

1 .1 General

In many develeping ceuntriesthe farmers have a leng-
term traditien efusing small scale irrig~tion system and
surface water as their supply. Places where tepegraphy permits
the mest simple and efficient method to. supply water to.the
land is by gravity flew. Areas where this is impessible, fer
example, where supply is fremshallpw_cgro.undwater, lifting

. ,.- ..•.- .

becemes necessary. Traditienally human labeur, animal,water
and wind have been the pewer seurcesfer water lifting~But
in seme areas there has been a tendency to. replace the
traditienal device by medern pumpine equipment. Hewever, this
trend is getting.retarded-beca-tlse of increasing shortage and
rising cost of fuel. Zver increasing d~mand of fossil energy

.<
fer.other secter weuld further intensify theefferts to. impreve
and tb develep reliable systems based en renewable energy seurces.

Mere than 30 millien water lifting devices are in eperatien
fer i,'rigatien purpesees in the devele,:>ing countries and abe1.lt
10 millien devices utili7ing lnunan labeur, animal, winC! and
hydrep01ver.(2) .

•

•
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prod uction.

•

•

The mean annual rainfall in' B9.neladesh varies from about 1524
= in the western part of the country to almost 5980 illlll

Improvement and extensive utilization of the water lifting
devices driven bynuman energy can play an important role in
expanding the irrigated acrP.a,;;ein the cOlmtry. ,'Iater lifting
devices driven by "human ener{!Y h"tve some imuortant advanta.o.:es

" ~ -')

in this country. Some of those are: (i) human energy re~uirement
for lifting water can be provided by the users in rural areas

about 90 percent of the rainfall occuring in the five months of
the monsoon period (May to September). Inspite of an overall
abundance of rain. serious dr"oughts do occur. There are instances

in the north-east. There is a wid e seasonal :fluctuation "rith

of inadequate rainfall even during the monsoon season. The minimum
rainfall during most of the dry season(October to March) is a1flost

ze~o.Hence irrigation is necessary for year round cultivation.

Total land in Bangladesh is 35.3 million acres. Almost all
of the arable lands (22.5 million acres) are cultivated. Irrigation
only covers 19% of the total cultivated area in which 51% are
irrigated by manual methods and rest 49% are by mechanical power

"..-".~riven method s (11 ). Although the irrigated area has been increased
in the recent Y9ars. there is an immense scope of :further expanding
the areas. This will increase the cropping intensity and food



1.2 Ob.jective
The purpose of this study is to compare the pert'ormance of

various manually operated water lifting devices us'ed in Ban"ladesh.

•
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(ii) the devices are labour intensive and require elementary
technologies both of which are locally available;(iii) the capital
cost of manual water lifting units are low;and (iv) compared to
alternate forms of wate~lefting devices which are dependent on
imported fuel, manual water lifting devices are little sensitive
to inflation (1).

The specific objectives are:

(i) to develop characteristic,,; curves for each of the st"uy
devices based on data availahle in the literature and data genera-
ted by pump test; ..

(ii) to determine the optimum operating condition for each
device;

(iii) t.) compare_~he. efficiencies of the devices; and

(iv) to compare the economic efficiencies of the devices.

f •"'..•~,



hi3 stud.y.

c. .,.. (:f;';e...L..L, :Jcoop,Hand 1'1~beHell, TIU?;

CHAFTBR. .- I I

various indegineous water lifting devices in the developing .-

LITSRATu~ER~rI~W

A number of studies have been undertaken to familia.ri?'e tIle

Dhone, ~iing Basket,

compare the performances of various devices in terms of

Eangla6esh to estimate the rote,ntia~ contribution l;'lhich !!!an1).al

id enti .;"ierJ the ma.nual ~vater liftint~ d.evie;es in operation in

countries (1,2,4,5). In most; of the studies e~phasis has ,~;iven

pex'forrnances at fo.rmers level. Eo -attempt has been made to

A-brief review of some of the stud'ies are given in the

Ahmed,( 1) undertook a study on the' perforT;l,-~.nces of some

on either the general description of the devices or their

following paragraphs.

manual r,:"thorisof irrigation in ..,angladesh. In his stucly he.

Rice Resear0hTnstitute), Rower pwnp and :'.rchemedeo_niJcrew.

devices can make in irrigation. As such he rliscussed. af)out

also lacking.
improvement of the design and operation of these devices are

He developed head. versus discharge curves of Dhone, Swing Basket
and Hand l'ubewell. The data used. were collected by field tests
and measurements. He did not include input-output nnaly,sis in

-mechanical.and economic efficiencies, Systematic studies on
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'1','Iostaf~-;,. ,( 2) conci ucted an i!r'(.res-ciga tion on the \Va ter lifting

devices in ~..;hedeveloping CCitl..."1.tl"''ies. The aim of his study ~.;as

to familiarize the readers 1;-•• i-ti1 different catagories of 'water.

lifting devic8s being use(l in cle eloping countries __.Hen.escribed

various devices driven by man, animal, Ivind', solar, biogas and

fOssil fuel power. Performance cr~racteristic curve o~ Dhons
and &ling :Ba.sket has d.rawn.

Khan (3) cave a general description of ,rater lifting

devices in Asia and the near east. lie discussed about Dhone,

SWing Basket, and .I.IOSTI (f;anually. Operated .shallow Tube\fell

Irrigation). Head discharpe curves of these devices had been

drawn. He did not discuE's. the recently developed manual pumps

which have been opera tin',; in Bangladesh.

Ghani, Isla.m and ;<'londokar (4) unn.ertook a study to

collect the different types of manu2ll3' operated pmr,ps

availaole in the cou.1.J.try for evaluation of their pe.rfor~~.j.nces

in order to select the best available (lesi~;n and to carry out

further modification if necessary to improve their performances.

In the report they shortly describell six manually operated

PV1l1PS such as Bful.I Diaphram pump. ComillQ Co-operative Karkhana

pump, Dev EXBpump, No.6 Heciprocating pump, TIm"lerpwnp and



- 6 -

'Jslamand'!az-E!d'. .(5) conducted a research focussing
on the comparison of performances of different types of manual
pumps. In the report thEi described the various devices and
included test results. Head vs. discharge curves for the study
devices have also drawn in their report. They did not use pump
efficiency as an index in the ccmparison. Nothing has been
mentioned about the optimwn operating conditions. They gave
estima~ed cost of these manual pumps for comparison but complete

e'conomic:,appr;a:tsal.-has'not 'heen done.

o

•



CHAPTER- III

DATACOLLECTIONANDANALYSIS

3.1 ~,?ical Characteristics of the study Units

A number of manually driven water lift devices ar6

being used in Bangladesh. The following devices have been r;
,-

selected for this study:

3.1.1 Dhone

3.1.2 SWingBasket

3.1.3 Shaduf

3.1.4 ERR! Diaphragm pump

3.1.5 M.L.K. Pump

3. 1.6 Hand Tubewell

3.1.7 Rower Pump

3~1.8 Twin Treadle Pump

3.1.9pne Man Operated Diaphragm pump

3.1.10 TwoMen Operated Gardening pump

3.1.11 TwoMen Operated Reciprocating pump

Brief descriptions of these units are given in the

follOwing parag:raphs:

3.1.1 Dhone

The Dhone is a manually operated. boat shaped trouph,

closed at One end and open at the other end. The length of

Dhone varies from 3.8 meters to 5.3 meters. Longer Dhone is

suitable for higher lift. The depth and width of the discharge

•
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enClvary from 12.7 to 15.2 ems and 12.7 to 20.3 cma respectively
and those of the intake end T~nge from 17.8 to 22.9 cma and
17.8 to 25.4 ems respectively. The bottom of the intake end
was made conical to minimize the bcnyant force. The intake
part was about 50 percent of the total length, slightly raised
upward to make it easy of operation and to facilitate quick
filling of the Dhone.

The discharge of a Dhone varies with the lifted height,
skill and efficiency of the operator. The range of lift for
Dhone of length 5.1 meters and 3.8 to 5.1 meters are 1.0 to 1.2
meters and 0.9 to 1.0, meters respectively. The maximum lift
height for single stage is 1.4 meters. The farmers increase the
number of stages of Dhone with the increase of lift. Generally
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when the lift exceeds 1.5 meters the farmers arrange for next
stage. It has been obse",<redthat" the usual practices of the
farmers is to go for 2-3 stages: however in some cases 4 stages
may be found. The discharge characteristics of several designs
of Dhone are recently measured under field condition. The
discharge is 7.5 litre/sec for a lift of 0.8 m but it reduce to
only 2 litres/sec for the left of 1.8 m. About 4-5 acres of dry
season rice can be irrigated by one Dhone. The cost of construc-
tion and installation are about Tk. 600.

3.1.2 SWin~ Basket
~he Swing B,asket consists of a basket made out of bamboo

or quite literally a normal tin bucket which is tied to r.,pes.
Two persons stand on either side and swing the basket to raise
the water and is discharged into the field channel.

Swing .Baskets are made locally by farmer and are used for
providing irrigation water to dry season rice. About an acre of
dry season rice can be irrigate~ by a swing basket. The cross
section or shape of a Swing (Basket is a hollow ~'cone. Generally
farmers used ~51-56 cms square mat or G.I.~heet. The average
volume of a ~ing Basket is about 1.50 U.S. Gallon (5.7 litre).
The water delivered per stroke varies from 5.3-4.0 litres at
lifting height varying from 0.8 - 1.50 meters respectively.

Average period of work done at a stretch is 15-25 minutes.
This method is the most laborious irrigation method practiced in
Bangladesh because all the weight of.lifted water is supported

•
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by .the operators. ~,ing Basket is a very simple device and

needs minimal repe.ir. A sc"l'izlg basket cc:?sts about taka 75.

The shaduf is a counter balanced lift which can be used

3.1.4 BRRIDiaphragm Pump
"

It is a diapH:-agmtype twin position displacement pump.

~.o pumpsare installed OVer one platform and act as a single

unit. Both the pumpshave one commonchamber•. There is a one

way valve allowing the water to enter into the suction chamber.

The extended lift arms of pumpare connected with the long
I ,

operation handle by .~~lts. The operation handle is fitted on

a stand anQactuates over a fulcrum. This pumpis recently

•



midified to make it more simple and to reduce the cost and
energy requirement and to improve longivity of the diaghragm
by changing the rectangular shapted box to circular shaped box.

The performance test of commonly used manual pumps in
Bangladesh the ERRI diaphragm pump performed better upto 3
meter head. Beyond three meter head it required too much energy
which made it difficult to operate the pump even for a very
short period. It has the discharge capacity of 3.90 llsec at
the head of 1.5 m which reduces to 3.50 llsec when the head
increased .to 3 m. The ~stimated cost of the pump is taka 1,500.
The operationa.l.and maintenance cost is very low. Two men is
required to operate the diaphragm pump. After operation of a
season repair needed is to change the rubber diaphragm.

3.1.5 M.L.K. Pump
This .pumpsis a double acting reciprocating pump. It is

a manually operated pump developed by Mohammad Lukman Khan. All
the parts of the pump including the pump cylinder is made of
steel. The estimated cost of the pump is Taka 2,500. This pump
can be operated by one or two persons. Maintenance and repairing
cost is nearly 250/- Taka per year.

3 • 1 • 6 Hand FumE!!.
,

The No.6 pump is a cast iron lift pump used primarily for
pumping drinking water. At present, its wide use is found in
small scale irrigation projects. The pump cylinder has an internal
d.iameter of 10.2 cms and the water chamber just above .the pump
cylinder is 12.7 cms. The piston of the Pump is connected tu a
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ha.ndlever of 0.75 meter. The base of the pump is"clu.oeaded to
receive a thrsaded 3.8 cms galvanised steel pipe. The plunger
of the pump consisted of one way valve and a bucket generally
made from leather or plastic. The leather bucket are more
dUrable but comparatively more expensive than plastic bucket."
According to the information available for one season, generally
~10 leather buckets or six plastic buckets are required. The
discharge of a Hand Pump, varied with different factors such as
deptl.\of ground"Tater table, strength of the operator and age, of
the pump etc.

Hand pumps are .used for irrigating mostly dry-season rice
and-vegetables. These are used for very small land holdings
(smaDerthan t acre). The efficiency of an operator in pumping
while sitting and using leg is better than while pumping in
standing position. These pumps are extremely popular in areas
where surface water is not available and ground water table is
close to the.ground. The cost for pumps,steel pipes and strainer
including installation are approximately Taka 2,500. When PVC
pipe and strainer are used then the cOst reduces to Tk. 1,000.
Annual maintenance and repairing cost is approximately Tk.l00.

3.1.7 Rower Fum'?
The Rm,er pum~ is a manually operated reciprocating pump

with 2"(5.1 ems) diameter PVC plastic pipe as the cylinder. The
piston inside the cylinder is operated by pushing and pulling
directly on a T-handle at the upper,end of the piston rod. The

,
I

•
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pump is a:1;'/;acned-1;0thB "1;ubewella-/;an an,g-leof 300 m.th the
land surface. A vacuum chambeY" is used to damp the velocity
'varia-1;ionin the moving wa-i;ercolumn tha~G Occursr1ue tv the
reciprocating piston. Maintenance is a very easy task so that
a farmer can easily check and service his m~n pump as needed.
Primary maintenance would be expected on the piston on which
a leather cup Beal and rubber valve flap are fixed. On less
frequent occassion the foot valve may needed to be examined.
It has a rubber flap valve which can be removed and replaced
quite easily.

The Rower pump operates with out cavitation upto about
(8.5 m) pumping head. When the pump is used for irrigation a
maximum (6.7 m) pumping head is recommended due to limittations
of operator strength. The estimated cost of this pump with7.6m
PVC pipe and 2.5 m strainer is Taka 800. This pump is designed
by Manonite Central Committee and Manufactured by Mirpur

-Agricultural Workshop and Training School. This Workshop supplies
2,000 Nos. of Rower Pump in the district of Kushtia and Dinajpur
in the year 1982-83.

Twin P.readlePumps are made for irrigation both from
sub surface an.d8'L1.I'facesources. This pump consists of SOme
bamboo pieces and tt10 cylinders. Body weigh-/;sof the operators
are used as po~er to Operate the pump. Total body weights on
tY"eadles, legs _and thigh muscles are effectively used to operate
the pump. The spares of the pump are easily available. Rope and

•
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Bucket are changed by the farmers, foot valve replaced' by the
local handyman. This pump is successfully operated with bamboo,
PVC or G.I.Pipe. 12,000 number of Twin Treadle pumps are
installed since invention in November, 1980. t to t acres of.
intensively irrigated rice and 1 to 2+ acres of dry crop$c$uch
as wheat, potatoes or tobacco can be easily irrigated by this
pump. The estimated cost of the pump is 400 to 500 Tk. completely
installed with bamboo filter and bamboo tubewell bored to 4.5 ems
(11).

Many groups are working (both men and women) in different
."villages of.Takurgaon and Kurigram district. aue to the motivation

of the Rangpur-Dinajpur Rehabilitation Service(RDRS) operated
by the Lutheran World Federation (The Daily News, Feb. 14,1985).

Irrigation by this pump wit~ bamboo tubewells developed
by RDRS is a common sight in the villages of Thakurgaon and
Kurigram districts. This low cost manual device is more useful
than diesel pumps in increasing the prOduction of small farmers.
The treadle pump is estimated to have a life of 2 to 3 years. In
order to alleviate the deterioration of the non submerged bamboo
w~ll casing RDRS has begun to treat that portion of the casing
with a solution of borax, sodium di-chromate, copper su1phate,

. .
ammonium phosphate and acetic acid. This pump has a 25.4 ems
stroke and the diam~ter of the pump cylinder are sized for the
distance the water must be lift$d in order to match the required

•



- 15 ~

pumping :force to a,man 'a' optimum force in the treadle.
,A 7.6 cms diameter cylinder for 6 m lift,8.9 cms cylinder for
a 4.6 m lift, a 12 cms cylinder for a lift of 2.4 m and a '15 .cms
cylinder for 1.5 m lift from rolled 15/16 gauge mild steel (MS)
sheet' Plunger rod is made from .95 cms MS rodtixed with plunger,
discs of 12 gauge MS sheet (9J.

3.1.9 One Man Operated Diaphragm Pump
The body of the pump is an irregular shaped cast iron

vessel having a rubber flap, the most important element .of.,the
PumP. One man operate it with a long lever which raises and

U.
lowers the rubber flap to create vacuUm. This pump gives a good
discharge for low head. Cost of this pump is about Taka 1,800.
Maintenance cost is very low. Change of rubber flap is required
after one season operation. Maintenance cOst is near about Taka
180 per year.

3.1.10 Two Men Operated Gardening Pump
It is a cast iron pump working in a reciprocating action.

Cylinder of the pump is in a horizontal position. AIternate
pulling and pushing mechanism is done with a 'T' shaped handle
hinged to the driving piston. This pump is operated by two
persons standing on the oposite sides of the pump facing each
other. In a cylinder two buckets are fixed one oposite to the
other with a single piston. When one person pulls the other
pushes and thus alternately the operation goes on. Cost of this
device is about Taka 1,500. Maintenance cost -isvery low. Only

•
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U,e buckets are needed to 'change after using this pump for one
season. This require Taka 160 per year approximately.

301.11 Tvo Cylinder Reciprocating Pump
This is a cast iron PumP','-It is rested on four wheels

,for easy of movement. This pump is operated by two persons by
raising and loering the piston with the help of a lever arm.
The lever arm is fitted with a single 'T' shaped bar hinged at
the centrally fixed cylinder. Thi'spump costs Taka 2,000 and
maintenance cost is low which is about 200 per season. The
.bucket is needed to change after using one season. Discharge
of the pump is notsatfsfactory as compared to the others.

3.2 Data Collection
Data were collected from the previous study reports

and also from the pump test.

3.2.1 Collection from Literature Sources
Head Versus Discharge data of Dhone, Swing Basket and

Hand Tubewell as reported by Ahmed, K.U(l) were collected. The
pump test data of Shaduf and Twin-Treadle pump were taken from
.the M.Engg. special study report prepared by Mostafa,M.G(2) and
from the short consultancy report(6). The data on M.L.K. Pump
and BRR! Diaghragm pump were taken from the annual research
report of BRRI(7). All the relevant data are included in
Table 3 to 9 AppendiX-A.

•
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Fig.l Dho:!lein Operation

Fig.2 Swing Iasket in Operation
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Fig.3 Shaduf in Operation

Fig.4 BRRIDiaphragmP"J1e'P ill Operation
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Fig.5 M.L.K. Pump in Operation

Fig.6 Hand Pump in Operation

•
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Fig.? Rower Pump in Operation

Fig.8 Twin Treadle Pump in Operation
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Fig.9 One Man '~erated Diaphragm Pumpin Operation

Fig.l0 TwoMenOperated Gardening Pumpin Operation

I
I

. ,
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Fig.ll Two. Cylinder Reciprocating Pumpin Operation

------------------------------

•
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division workshop, Joydebpur,Dhaka.
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PUffin Tests,3.2.2

connected to the inlet of the water lif,ting devices. viater enters
!i'nto the device through the presslJrereeulator. The suction head l

'. f

regulator was used to vary the suction head. The inlet of the
pressure regulato~ was immerged into the water and outlet was

Reciprocating pump and BOvler pump at the BR.B.IBneineering,

Laboratory tests were conducted on One Man Operated
Jj.aphrampurnp" £;;0 Men Operated Gardening pUIrrp. "l'iw Cylinder

A tank was used as the source of ,rater supply. Pressure

at which water enters into the device was indicated hy the vacuum
!gauge connected ,just below the outlet of the pressure ref"ulator.

withA brass rod connected with apIa te ,fittedLinlet valve of the
regulator extended out through the top of the regulator. Different

From the recorded time and volume of the drum discharge at a
was count~d to fill a drum of known volume at each suction head •..

suction heads. The test results are also included in Table 10 to

particular suction head was calculated. Three readin@3were taken
at each suction head. The tests were conducted at four different

"18il';hts'"ere placed on the 'brass rod to maintain different suction
pressure8.~he devices wer~ operated by the human energy and tL~e



Operat or.

-..•...~;-

.... J

Qtt'= ---' -~._--- x 100
> 76: ':-:'.i:HP

H = Pumping head, m

E = Pumping ecficiency,' percent

liP = 0.35 - 0.092 logt
HP = Power output of the labour, hp
t = Time ~f operation, min.

IHP = Input horse power ..

Since the devices are operated by human energy the input

'.rhepump test data were analysed to develop characteristic

24 -

Campbell(6) proposed that the pOwer output of an adequately

curves for each of the study units.

3.3 Data Analysis

3.3. 1 Pum pinee:ff ici ency

To get the efficiency discharge relationship the pump
efficiency has been calculated for each set of,fthehaad..,..:iiscr,.arge
data using the equation,

where,

horse pO"-er was determined from the working capacity of a normal

fed 35 years old BUropean male labour can be expressed as

where
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Annn..3.1 08n,~;fit from irriza-cion
AnrruaJ. C03t to Vfon and oper2te t.he unit.

~ aver8.,'?:'e ::_~ opera~or can ,.e:ener8:te po;-;er at

over 8-boG_I: period 3. r.:an can deliyer vlork at l:;h8 rate of

apprOXiIT~{-;.t.el'y 0.1-0 hp_

Since :Boro rice can not be F:r01.,rn \'Jit~1 ou.t irrisration, the

~i.8.an of 20 yenrs Curl produce 15~~more a.r..d. 'J. 60 ,years old

The ec~u2.;;ion is ~raJ.ed :'01" t ranging from 4 mnutE:tih> 8 hours

the rate o? 0.10 hp o,.rer ~-houy .poriod (e.g. TH? = 0.10 hp).

An economic 8,nalysis "tvas corLd.ucted. to c1etermine the cost

~ssumecl th&. t,. on

As the sailievalue used in all the devices fer comparison, the

f:.1an 2~1 ,less useful Hork tha~ -~henormal. In this stud:,r it h-as

Although 3~n51acleshi l;::'~bour cannot produce energy equal to an

European labour. As 20 years laboLrr can produce 15~ more en8rgy
than 35 years old labour. So it is assumed that 20 years Bangladeshi
labour can produce energy equal to 35 years of Eurppean labour.

effectiveness of each uni~J.'. ::2hecriteria used in the analysis

result does not affected by the value used as input horse pOi-rer.

).302 Economic Appraisal

bene:fit. Hence, the annual benefit of ,-,sin!,:the device was

was be.n.e!':L"t-cost ratto defined as

net return from cultiv::ltion can oe attribv.tc"":l to irrig:J..tion

return from boro cultivation.
determined by multiplying the command area by per acre net



•

( 3)

'factor

life of the nevice

1

nil

,)nI .

WaS used in this study.

=i(i+
(i +

CRF = .Capital Reco':J'B::"j1l ~

i" = Discount rate

n = Life of the irriG~tion rrevice

qt = 28 ad

The maximum pos3i ole command s,rea of '::Ie,ellsystem \.:3.s

- 26 -

The all..1lual cost to won and oper3.te the unit can be

Total Pnnl~l COst = Initial cost x ORF + .trillua1operating
cost + Annual maintenance cost ..

AIL'l'lUalrnnint-9nance cost ~va.s ta1ren as 10;: of t.he initial

,~ta on initial cost and

i!lCom8 from Doro cultivation in "dhG.rn:cai 2.2""e-2. as obtained OJ'

expressed as

cost of the device. l\. discoQ."r1t rate of 15 v/3.S us-,-:din the anz~lysi3.

hours tal{ing wege r3. te of Tk. 25.00 per ,S .Man !J0.'l..lI::.

where", CHF

Operating hours were"determin8cl by using the fOI'mu18.,

where, q = Discharge of the device, l/sec.
t = 'J.'ime of operation of the device, hi~s.

a = Command are~~of each of the unit J hectre
d = Irrigation required for bora cultivo.tion,cm.•
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, Appendix-B.14

Discharge was taken from the Head -discharge curve drawn
corresponding to the maximum efficiency. Data on cOmmand area
was collected" from previous literature.

Irrigation required for bora cultivation was taken from
the BRRr report as 22.40 inch (57. cms) (.9) •

Life, Annual ~aintenance cost and Annual operating cost of each
uni t,. are included in Table



CHAPTER - IV

RESULTS AND DISCUSSIONS

•

mean the

4.1 Performance characteristic of different devices
The characteristic curves of the study units are shown in

Figs. 12 to 22".

It is evident from Fig.12that the discharge of Dhone
varied from 7.6 to 3.0 litre/sec as the lift increased from
0.70 to 1.4 m. The efficiency range is 50 to 72%.

Fig. 13 reveals that the discharge of Swing Basket varied
from 2.4 to 1.20 l/sec with the change of lift from 0.8 to 1.40 m
respectively. The efficiency of the operation varied. correspondingly
from 12 to 14%. Discharge was found fall rapidly upto 1.10 m then
the rate of fall decreased.

The discharge of the Shaduf varied from 0.60 to 1.40 l/sec
as head decreased from 6.4 to 3.3 m (Fig. 14~ .The efficiency
varied from 15 to 72% ,respectively.

The discharge of BRRI Diaphragm pump varied from 5.20 to
2.5 l/sec. When.head varied from 0.8 to 3.8 m (Fig.15). T.he
efficiency of opera~ion varies correspondingly from 26.0 to 68%.
The slope of the head versus discharge curve is steeper'at lower
heads than that at higher (above 2,2 m). That
discharge reduces rapidlywto 2.44 ro, then the rate of fall
decreases.
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Fig.16 indicates that the discharge of M.L.K.Pt'.Jpvari'es

from 2.0 to 1.0 Ilsec as the head ranges from 3.0 to 5.50 m. The

efficiency varies within the range of 75 to 88%.

The diSCharge of Hand Tubewell varies from 1.20 to 0.90 Ilsec

as the lift changes from 3.30 to 6.00 m(Fig.17). The efficiency

varies from 52 to 68%. The slope of the hJad discharge curve" is

very small indicating that variati.on .of discharge witb change of'
:.:flift is small.

"~,

The discharge of Rowerpumpvaries from..1.00 to 0.70 Ilsec

in the range of lift. from 2.86 to 7.21'm(Fig-.la).The efficiency

varies within the range from 31 to 71. The slope of. the curve is

flatter upto 6.00 m indieating ..that upto this,.head 1;he"rilte'of
,

change of discharge with the change Of'.head is smaller than --th:a1;'

at higher head.' Th'erate of recLuction or""dis'charge 'decreases

beyond this head.•..

The discharge of. Twin Treadle pumpvaries from 0.4 to 1.20

Ilsec as the head decreases from 5.5 to 1.5 m(FigJ9). The effici-

ency varies 29 to 3} • The rate of fall of discharge. with the

increase of lift is more or less uniform.

The diSCharge of OneNanOperated Diaphraent,p';.uupvaries

from 1.50 to 0.70 Iisec with the changeo'f lift from 3.00 to 8.00 m

(Fig. 20)•. The efficiency varies from 60 to 81%within the range
,

of lift. The rate of fall of discharge with the increase of head

is more or less uniform.

•



is low.

efficiency
, in
percent

discharge.
• r') .In ''-,Ii'

l/sac

The optimum operating condition along with the associated
efficiency of each device are shown in the Table-1.
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The discharge of Two Men Operated Gardening pump varied from
'1.00to b. 60 ~/sec as the head increases from 3.7 to7 .40 m. The
efficiency varies correspondingly in the range from 25 to
35%.(Fig. 21). The nature of the curve is flatter in the lower
range upto 6.00 m indicating the rate of decrease of the discharge

4.2 Optimum Operating Condition
Optimum operating condition here means head and discharge

corresponding to the maximum efficiency.

The discharge corresponding to the maximum efficiency was
determined from the p1biJ~ discharge and efficiency Vs. Head
Curves.

optimum operating condition.

Peak point of the Efficiency Vs. Head Curve is the maximum
Efficiency. From this efficiency corresponding head was determined
and corresponding to this head the discharge Vs. Head Curves of
discharge was determined and this discharge is the discharge at

f'h.

Fig. 22 reveals that the discharge of the Two Cylinder Recipro-
cating pump varied frOm 0.74 to 0.55 Ilsec in the ran~e of lift from
i.OO to 7.5 m. The efficiency varies within the range from 13 to 28%.
The slope of the curve is small indicating that the rate of change

- of discharge -with the change of head is low•.
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Table - 1

14 ..

72.

68,

72 .

67,.-

.88 J

7f

3.3 ...

81, '

28

Associated maximum
efficiency in %

Head Dischargein in
m i/sec

1 .00 5•.10.

1 .20 1 . 50

4.6eo 1.:2.0

3.2«:;- 2.80

4.00 1• 70

5.00 0.90

6 0 h 0•.80. ~-'

4.00 o 6t~• v

5.60 .1••00

6. 2,!~! 0.80

7.0-0 0.59

1- Dhone

2. 0Ifing B8.sket

3. Shadl.~f

4. BR;U Diaph-ram pump

5. r~l.L.K.Pump

6. Rand Tubewell

Optimum operating .Condi tion of the Study lYevices

7. Rmrer Pump

Harne of the Devices

3. Twin-Treadle Pump

11. T-,;o Gylind er
Reciprocatine pump

10. Two Men operated
gard ening pump

9. One Man Operated .
diaphram :pump
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The possible devices v.ithin the lift range of 0-1.5 m

are Dhoneand Swing Basket. Dhonehas the discharge capacity

of 5.10 I/sec at the head of 1.00 m corresponding to the maximum
,

efficiency of 72%where as Swing Basket has the discharge of 1.50

I/sec at the head of 1.20 ...m.inrespect to the maximumefficiency

..bf1.4%onIY,•. In thHI.head range Dhonewas found to be the most

efficient Device .having'disc', .rge capacity 3 times and efficiency

5 times the corresponding values for Swing Basket. This is' because

higher input energy is applied in supporting, and lifting water by

SwingBasket •

The possible devices within the lift range of 1.5 to 4.5 m

ar'e BRillD.i.8];ib.i'a{;ill. pump, lli.L.K Pumpand Twin Treadle pump. In

this range rif.L.Kpumpis the most.efficient device. The discharge
"I

of this device is 1.70 l/sec at the head of 4.00 mcorresponding

to the maximumefficiency of 88%. BRRIdiaphragm pumpfollows

M.L.Kpumphaving the discharge anii'head corresponding to this

efficiency as 2.80 Ilsec and 3.20 mre~pectively to the maximum

ef-ficiency of 68.0%.

The possible devices within the range of lift from 4.50 to

7.5 mare"Shad'uf, Hand Tubewell, 'Rower Pump,.OneManOperated

Diaghragmpump, TwoMen Vperated, Gardening pumpand TwoCylinder

Reciprocating Pump. The most efficient pumpwithin this range is

one ManOperated-diaphr;3.gmpumphaving the maximumefficiency of

'81.0% at the head of 5.6 m and the discharge at this head is

1..00l/s.

•

•



Reci-procating Ptu~p havinp;-. -the maximu..rn e"ffici'?D.cy of 72, 71,

-,..,.
•

Benefit to
cost ratio

A.em ual I rrisa-
tion benefit

in Tk.
Annual System
cOst in Tk.

Benefit to cost ratio of study devices
Table-2

Inbel-lell, Two M~n Orerated G:.~~!'c1.enit!gpump 3.nd 'T;,tO cyrlinder,

'L'neresults of the economic analysis are p:i'T9n in the

- 33 -

67, 3') 5.nd 28 :10 respecti .vely.

following table-2.

4.3 Economic An~lysi3

Name of the Devices

1. Dhone 1763 21 ,620 12.26
2. S'lTing B3.s1<:9t 2458 5 ,405 2.20
3. Shadu.f 834 1 ,802 2.1 6
.i 3-:J'Q, Die.phram pump 3234- 10,810 3.34. . ..:.l. .••~••.•

9. "'T - ~ Pump 2625 8,108 3.09lV1.lJ.l:..._

6. Hand Tuoe,:'rell 1 380 2,703 1.96,
~ Rawer Frunp 1715 2,703 1 .58
I •

8. DTin 1~J:'eD.6Je .pump , 2361 .31603 I .53
C1 A l£:i.n OiX:Y'n. t eelj. lJl1.~

'DiD-l:.hr':n ')Ai..:t~P 1565 2,703 1 .73
10. :0"'0 Me". .oP'2r'a t8d

G:ul'"'rr'211ir::.::; pump 2775 2.703 0.97
11. :i:YTO C,yli!lder

Reciprocating pump 3000 1 ,802 0.60



In the light of the economic analysis the follOliing are
abserveabl,e.

•

I'
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The Benefit to cost ratio~of Dhone was the highest (12.26)

but it@ be used only upto a head of 1.5 m. Liftinr; of' water to

a higher head 'by Dhone can be Possible by increasing the number

of stages. But economic gains might be decreased if we increase

the number of stages. fiiorevoer the device can be used only to

divert surface water. In the same range of head rSWli1g Basket was

found to give benefit-to cOst ratio of only 2.20.

The benefit to cOst ratio of the devices .iithin head range

of 1.5 to 4.5 m variE\dfrom 1.53 to 3.34. The BRRI diaphram pump

was found to eive the hie;hest ben'efit to cost ratio. This mif;ht

be because of its high discharge and OOlillmndm.'ea ,cpmpared,_to',_

the othe~ two device.

In the head range of 4:5 to 7.5 ill :Sladuf was f'ound to ,o:ive

the highest benefit to cOst ra;tio follm1eil oy Rand Tubelvell, one

man operated diallhc',m pump and: ROwer:-11UIDp.

TwoI-l'.,l1 Operate''! Or'}r] .,nine- pump ano Two OYJ.inaer :Reciprocating

pumpl!'~e economically :infeasible to use.
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3.0 m lift BRRI uiaphram pump was found to be the

CRA?TBR - v

In the light of the COfT1I;i:irison of ptunping effici ency,

toc..the', most efficient and economically attractive. Swing. ,,

basket needs ?,reater operational energy because it requir~s

CONCLuSION ANDRECC[.1EBNDATIOlf

.e::onomicanalysis and.4'ischarge at the optimum operating
eondi tion the follo"r1ing conclusion ma.ybe drawn.

','itil ifu 0-1 .5m lifting height 'Dhone I irrigation device found

(

two men to lift the water •.All the weight of water lifted is
carried by the operators themselves. Both efficiency and benefit

discouraged.

best device in term of rated capacity, efficiency and economy.
It should be noted that BRRI Diaphram pump can efficiently be used
within the head range of 1.5 to 3.0 m. For higher head 3.0 to 4.5 m
M.L.K. Pump can be used.

When lifting of water is-required within the range of 4.5 to
5.5 m Hand Tubewell was found to be the most efficient device but
the benp.fit cost ratio ~f Hand Tubewell was found to be slightly
less than that of Shaduf.

'to cOst ratio were found to be very low. Hence it is strongly



•
•
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oS.co ~ ..TJpto

Bost of the data used in the econcillic analysis were

\~3.pa.city

obt3.ine<;l fr-om the literatlU'9 and judicious aS~luriptio"ns_o

economically viable.

z.:eYl.ce, further "'..r~rifica tion of the data.. an up dating of.

co:aclusions 8.::ce :''leCe3sary .. In this stud:,r the IJVJTI.lJ tests

"'tierra cc.nfin~d only at fe~i1seleet8d !:~eacls. Further t'asts
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in the t'"ole 3 to 9. That of Rawer pump, one man Operated

•

sving :Bt3.ske"t,

Appendix - A

The Head versus. discharge data of Dhone

l

Diarhram pump. '~lO'Men Operated Gard~nL~gplli~p. D10 cylinder

Shaduf, ERBI dimphaum" pump, Hand Tubew911, M.L.K. Pwnp, and
Twin Treadle FlWP as colleet8d fro~ liter~turesource are given

ReciprocatingPump as obtained from pump test are also given
in the table 10-13.
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Table - 3
PerfOrmance of 195 inch length" Dhone (1 "\

•• ' J

Lifting Averar;.e Discharge Efficiencyheight in %
in m in ft or in cusec in gpm( U. S) EP =

- OwH --
~'iO/ IHP)inch l/sec :J _ , __

0.71 28 0.269 7.62 120.66 71
0.79 31 0.231 6.54 103.83 68
0.84 33 0.213 6.03 95.97 66 "
0.89 35 0.202 5.72 90.85 67
0.96 38 0.207 5.86 93.02 74
0.99 39 0.196 5.55 87.97 72
"1.02 40 0.191 5.41 85.86 72
1.09 <1- 0.1 64 4.64 73.66 66,J

1 .17 46 0.153 4.33 68.75 66
1.22 48 0.143 4.05 64.40 65
1.27 50 0.124 3.51 55.56 59
1.37 54 0.098 2.77 44 ..20 50

•
•



•

- -- --~---.. _-------~ -~. -- --------~

- 52 -

~------~---------~---

Table - 4

Performance of swing ~:;5.3ket '1)

Lifting Average discharge capa_city J":'I...r.>.L"" •r...l.1l Cl ency
heip,ht

in '!
in -f"~ in m . cusec gpm(U. S) l/sec~ u

or
inch

42 1.07 0.067 30.08 1.90 13
44 1.12 0.060 26.24 1.70 12
47 1.19 .0.053 23.80 1.50 12
31 0.79 0.092 41 .31 2.60 13
33 0.64 0.083 37.27 2.35 13 1036 0.91 0.074 33.25 2.09 13 0
49 1.24 0.042 18.86 1.19 10 ... '0
54 1.36 0.052 23.35 1.47 13-
57 1.45 0.044 19.76 1.25 12



Table - 6

Table - 5

.,

4.
0: .
.li'

f

•

26

55
67

64

39

Efficiency in %

. ,

•
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Performance characteristic aT shaJ.uf(2,6)

Performance characteristic: of BRRIDiaphramPurnp(7)

Lifting height Average discharge

in ft in m in gpm(U.S) in cusec in l/sec

2.55 0.78 82.88 0.18 5.23

4.91 1.50 62.44 0.14 3.94

7.48 2.28 57.68 0.13 3.64

3.64 3.00 55.66 0.12 3.51

12.46 3.80 38.46 0.09 2.43



•

•

I

88.'
82

Efficiency
in %

_... ...~ -...... - - : ry ,~j:: .l" .. J .!'.. :lli"?1y\. I)

Avera~e di8ch~rge
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in gpm(U.s) in elise in l/sec
33.00 0.07 2.08

27.70 0.06. i '7~• ; :>

16.80 0.04 ' n-I ~ ,-,0

9.69 2.65

in ft in ill

12.95 3.95

Table - 8
Performance characteristic of a I-iand Tube\'lell (He1'l) (1)
Liftinv hei""ht Average dischar.o-e Effiencyin inch in L'l in gpmt.. U. 3. ) in cusec in 1 sec in <7f

/0

120.00 3.05 19.98 0.0433 1.23 <~9
144.96 3.68 19.43 0.0424 1.20 58
159.00 4;04 18.34 0.0336 1 .09 -~:J(').

180.00 4.57 17.19 0.0383 1 .08 rr
0)

186.00 4.72 16.06 0.0539 1.02 63
194.04 4.93 15 .67 0.0339 0.96 62
209.04 5.31 14.86 0.0340 0.96 r~

:J (
219.00 5.56 1/f.45 0.0322 0.91 67
219.00 r -r 15.44 0.0344 0.97 66).?O
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•

37

;',

\

,55,'

71
67

29

Efficiency
in %

24
"32

~f'-ficienc_y

~.2

1 /, ..•t=l~•....L; 'J ..-\....

0.8
, 0.4

in
0.042

0.014

in cusec

II
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r ~Q
0 :: .

\

12.85

• Y'\ -~ •••• ( iT s')1..~ ::!:l1J!:, -.- •. ",

~'able - 10

Tai')le - 9

m

1. 52

3.05
2.44

10

18

it:. ft

Performance characteristics of ;(mrer Pwnp

Lifting height Average discharge
in . '" in ill in gpm(U.S) in cusec in l/sec

l.nc..

112.50 2.86 15.72 0.035 0.99
171 .48 4.35 15.27 0.D34 0.96
235. G8 5.99 14.37 0.032 0.91
283.92 7.21 11.23 0.025 0.71

tl
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Table - 11

Performance char~cteristics of ?ne man oper~t3d diapnrGm pump

Lifting height Avera,r:=:e: discharge ..."c..... .
. . .LJ'" T lC1.ency

in ft in in gpm(U.S) in in 1/s8c in %m CHsec
9.82 2.99 24.24 '0.054 1.53 60

14.29 4.36 19.75 0.044 1'.25 71

18.75 5.72 17 .06 0.038 1.08 81.. "

24.11 7.35 12.12 0.027 0.76 74 "

.Table - 12 "

Performance characteristic of Two Men operated gardening pump
Lifting height Average discharge Efficiency
in ft in in gpm(U.S) in cusec in l/sec in '1um

12.5 3.81 15.72 0.035 0.99 25

16.96 5.17 14.37 0.032. 0.91 31
20.54 6.26 13.47 0.030 0.85 35
24.11 7.35 9.43 0.021 0.59 29

•
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Table - 13

Performance chi:1racteristic of Two Cylinder Reciprocating Pump
Lifting h~ight Average discharge Effieiency
in ft in in ( U.s) in in l/sec in %

ill gpm, cusec

9.82 2.99 11 .•76 0.0262 0.74 15
15.18 4.63 10.19 0.0227 0.64 .20,
20.50 6.25 8.89 0.0198 0.56 23
25.00 7.62 8.75 0.0195 0.55 ..2.8

.•.

•



Appendix - B

Table - 14
OPerational cOst of the study devices

lame of the Devices _Discharge Command Initial _Life' Annual Annual opsran. 1..... "

Q area cost m8.int. cost
in cussc in acre cost in 'fe' of

initial
cost

• Dhone 0.187 4 600/- 4 10 1 ,500/-
Swing Basket - 0.0579 1 75/- 2 10 2,400/-
Shaduf 0.0356 t 250/- 2 10 -.655/-"

• BRRI Diaphram pump 0.1046 2 1,500/- 5 10 2,675/-
H.L.K. Pump 0.0579 11- 2,500/- 6 10 1,800/-

~. P'.and Pump 0.0334 1 1,000/- 6 10 1,050/-"2

• RO~ler pump 0.0316 1 8,000/- 2 10 1,100/-~.

~in Treadle lUmp 0.0233 t -500/- 2 10 2,003/-
One IfJan Operated
diaphram pLUnp 0.0345 1 1,800/- 7 10 1,025/-"2

O. 'IWo~en Operated
gardening pump 0.030 , 1,500Jil- 7 10 2,325/-. .,

1. 1'1,0 cj'lind er Recipro-
cating p=p 0.0194 , 2,000/- 7 10 2,400/-.,

".
""-- .. '.~,.,- • ..",

i

-I

V1co
I

j



APpendix - C

Table - 15
Gl'Ol,rthphase wise water l'aquirement of riee in Bora, 1983

Treatments Seedlin~ estabJishment Tillering stage Booting to milk stages .Hater Rain- Total \iater Rain- Drained Total l'1atel' Rain Dl'ain- Total Soft Gran,applied fall applied fal1 out appli.ed fall ed out dough tota(em) (em) (em) ( em) (em) (em) (em) ( em) ( em) ( em) (em). to (em
harvest

35.30 22.84 22.51 12.82 80.3'

ontinuous
te.nding
ater
5-7 em.)

tura ted
ondi tion

'nter-
ittent
rrigation

7.41

7.41

7.41

1.01

1.01

1.01

8.42

8.42

8.42

42.00 .16.23

26,46 16.23

24.00 16.23

6,.1 3

58.23 39.69

36.56 10.05

40.23 15.72

35.30

35.30

75.0 12.22 154.4'

51.02 12.82 112.4~

",
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