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1 INTRODUCTION

].1 Programme

This report presents the final results of the testing of manual pumps under controlled
conditions. This testing was part of Action Plan 2 - Activity 2.2 “Testing of manually operated
pumps"” as described in the Inception Report of North Bengal Terai Development Project. The
work is executed in the period November 1995 to May 1996 by Subrata Majumdar, of the
Project Support Unit, under the guidance of David W. van Raalten, land and water

management specialist and in direct consultation with Gert Jan Bom, pump technology
specialist,

1,2 Background

In the first and second phase of the NBTDP, thousands of handpumps (Mo.6) with a Gl pipe
and brass filter were placed with considerable succes. These handpumps were generally used

for drinking water supply and the cultivation of vegetables on the homesteads (about 1% bigha
= 0.17 ha) of the marginal and small landowners, who were the target recipients of the

handpumps. These handpumps require substantial physical labour to operate. Another
drawback is that they are prone to thefi and hence generally not used outside the homesteads.
Assumed is that this type of handpumps have a yield of | m*/hour (0.3 Us).

Qutside the homesteads bamboo bucket pumps are common, lifting water from very shallow
carthen digs (matir kua). A very tentative assessment showed that these traditional wells are
comparatively easier to operate then the handpumps and would yield 2.5-3.5 m’/hour (0.7 - 1.0
Us). This is only possible if the well capacity would not be the constraint: the bucket pumps are
generally limited by the fact that the earthen wells are extremely shallow, with a lot of sand
intrusion and hence are rapidly depleted, which effectively limits their capacity to 0.5 m*/hour
(0.14 Vs) . These constraints may be overcome with the provision of concrete ringwells.

A third human-powered technology that has been popularized are the pedal pumps. These
pedal pumps have two iron cylinders, instead of only one in the case of a handpump. It is
operated by foot, nuking it ergonomic much more suitable as a manual water lifting device.
Different types are existing, with 32" or 5" dia cylinders and with bamboo or iron pedal
system. The 5" dia pedal pump is reported to give a yield of 1.5 Us (5.4 m’/hour) for shallow
depths. which is five times more as the assumed yield of a handpump.

Given its higher ergonomic efliciency, the potential demand for pedal pumps in North Bengal
may be substantial as the water table is generally within ten feet, whereas the pedal pump is
suitable up to 7 metre (dependent on the model). Moreover, marginal and small landownership
is common in the Terai, which can be served by small water lifting devices.

1.3 QObjectives

The main objective of the action plan is 1o improve the efficiency of manual irrigation. In Phase
H, again 15,000 handpumps are planned, and besides this the pedal pump is also promoted
through the private sector. However, data on the functioning of these pumps is not available,
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making it impossible to compare the different manual irrigation technologies, and therefore to
say anything about which pump is the most suitable manual pump for this region.

The objective of this controlled testing is therefore to get this lacking information on the
functioning of the different manual irrigation technologies in use in the Terai region. Data on
the flow rate and daily capacity, together with the ease of operation has to be determined for
different water depths. Afier this data collection a proper comparison between the different
technologies can be made and the most efficient type can be selected.
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2 METHODOLOGY

2.1.1 Pumps

The different water lifling devices that were tested are:
= handpump:  cast-iron lever-type, Mo.6

= pedal pump: 3" dia steel pedal system 9" cylinder
32" dia bamboo pedal sysiem 12" cylinder
3% dia bamboo pedal system 14” cylinder
5" dia steel pedal system 9" cylinder

=) bucket pump: bamboo spring lever
bamboo counter-balance

The tested 14-inches pedal pump is also called the Ambay model and is widely in use in
Bangladesh, having a flap check valve, like the other pedal pumps.

The volume of the buckets used for by the bucket pumps is 8 litre.

See annex A for some photographs of these types of pumps.

2.1.2 Depth

The flow rate of the pump and the ease of operation is closely related to the total depth over
which the water has to be lifted. That is why different depths have been included in this test, as

also different depths will be found in the different areas of the project. At the following depths
the testing is done:

= 2%2 metre

= 5 metre

= 7 metre

The depths are measured from the pump outlet to waterlevel in the well. In the test
configuration the pump outlet is about 50 ¢cm above groundlevel,

2.1.3 Test persons

This test is about water lifting devices which are manually operated, so for this testing test
persons were needed. To get a good comprehensive result, an average size male, female and
child did the testing. Because body weight is imporant, especially in case of the pedal pumps,
the person’s weight was measured.

= male 52kg

= female 42 kg

= child (boy) 34 kg

2.2 Test criteria

To determine the efliciency of every water lifting device, the following criteria were
established, for every depth and testperson:
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= flow rate
= daily capacity
= ease of operation

The flow rate is the discharge that the water lifting device gives when it is in use, excluding
any breaks, expressed in Us.

The daily capacity is the amount of water that can be lifted during a working day of 8 hours.
In the test these 8 hours were divided in a morning session of 4 hours, then a one hour lunch
break, followed by an afternoon session of another 4 hours. Breaks within these 4 hours-
sessions have been included in the calculations of the daily capacity, but the 1 hour lunch break
is excluded. '

For the ease of operation criteria are the time that one person can continuously operate the
pump before a rest is required, the number of breaks that are required and for how long. This
might differ for every test person, therefore the decision to take a break was completely
according 10 the choice of the test persons themselves. Whenever they felt the need for a
break, they could take it. Another criteria is the opinion of the test persons themselves about
which technology is more or less easy to operate and which pump they prefer at which depth.

2.3 The different types of tests

2.3.1 Preliminary testing

Preliminary testing was done before the real testing was started. This preliminary testing was
needed for;

a. Giving the test persons chance to practise operating the different technologies, so that
they get experience, in order to avoid incorrect test results.

b. Estimating the time schedule that will be applied during the final testing; how long can
a system continuously be operated? What is the length and frequency of breaks for
rest? (finally no fixed time schedule was used; it remained the 1estperson’s choice)

c. Practising the methods of measuring the discharges, in order to judge if these methods
are suitable.

d.

Checking of the proper functioning of the installed pumps and the closed well.

The test persons operated for one hour, during which they were given the chance to decide for
themselves when they need a break and for how long (appendix 5 gives a form). Afier finishing
this first round, a second round of one hour was done. The results of these testing are not

included in this report, as during this round the test persons did not yet have enough
experience and therefore the results were not representative.

2.3.2 l-hour testing

After the preliminary testing, in which the testpersons got used to all the different types of
water lifting devices, the 1-hour testing started. The test persons operated the pumps for one

hour at what they consider a normal rythm. During operation the discharge was measured with
the following the methods (see annex C for measurement forms):

= pedal pumps and handpump

For the pedal pumps and the handpump a 500 litre tank was used. This tank was placed into a
concrete basin, constructed below groundlevel and which was connected through a drain tube
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10 the closed well. In this way after checking the time needed to fill the tank, the water could
easily flow back into the well and the water level in the well remained relatively stable. The
lifted water by the pumps was conveyed into the tank with the help of 24" and 3" flexible
tubes. Before and after filling of the tank the tube was directly diverted into the well, so that
the test persons were able to continue pumping. In this way the flow rate was measured twice
in one hour and breaks were noted down.

=> bucket pumps
For the bamboo bucket pumps the number of buckets were counted over the time. Volumes of

representative filled buckets were measured. In this way all the buckets were counted during
one hour, together with the time needed for breaks.

2.3.3  8-hour testing

During the 1-hour testing it became clear that it was impossible to get a clear picture of the
ease of operation. The testpersons were able to run the pedal pumps and the handpump
continuously for | hour, while for the bucket pumps already within one hour breaks were
needed. Besides this is was expected that if someone has to pump for eight hours continuously
the speed of operation would reduce. In order to get a good estimation of the discharge during

a day, it was decided to go for 8-hour testing, after which the daily capacity could also be
calculated.

As this testing takes much more time, the number of test persons and water lifting devices was
reduced. Only the four following types of water lifting devices were selected, being the most
interesting ones, based on the results of the 1-hour testing:

=> 5" steel pedal pump

=» 32" bamboo pedal pump (standard 12" height cylinder, but with disk check valve),

= handpump

= counter balance bucket system

The test persons were only the female and the child, as the results of the 1-hour testing showed
that the results for male and female were nearly the same. During this 8-hour testing the flow
rate was measured every hour and the frequency and length of breaks were closely monitored.
The choice to go for a break remained to the discretion of the test person.

2.4 Location

The location where the testing is done is Mohit Nagar State Farm, in Jalpaiguri Block, about 8
kilometres from Jalpaiguri. Behind the office of the Farm Manager a site was found where

already a 2 feet dia ringwell was present and a closed well could be constructed (see annex A
for a overview).

A closed well was installed which acted as a kind of reservoir in which different ground water
tables could be simulated. This well has a depth of 26 feet and a diameter of 3 feet. It has a
closed bottom and all the joints were sealed properly, in order 10 avoid leakage (annex B:
design with some details). Around the well the different water lifiing devices were installed.



On a distance of only a few metres another well was present, needed for filling the closed well
10 the desired water depths, for which a pedal pump with flexible suction pipe was used.

In between these two wells a lined brickwork basin was constructed into the soil in which a

500-litre tank was installed. This basin was directly connected through a drain tube with the
closed well, so that water could easily flow back into the well.

25 lostruments

Basically for the testing a closed well and the already present ringwell were needed. The
different water lifling devices where connected through PVC and Gl pipes to the well, and the
pedal pumps were sligthly modified at the pump outlet side, in order to collect the water into a

~ tube, Besides this the following instruments and materials have been used during the testing:

= stopwatch
=» 500 litre tank, with a stop-cock at the botiom
= 4" tube for drainage of tank

-=> 3 tubes for diverting the discharge of pedal pumps and handpump (2'2" and 3" dia, 10 feet

length)

——r —
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3 RESULTS OF TESTING

O‘; i sring 1-hour
e ! _ i
- 3.1.1 Flow rates
* - The ﬂm\; rates measurements of the 1-hour testing are presented in the following tables 1,2 and
~ Jand 3raphs 1,2 and 3, for female, male and child test person respectively. These flow rates
_ _are all wuhout any breaks.
& - Table 1 « Flow rates for female test person (Vs)
;é“ EWater lifting device™ + 17 - 2%metre ' . Swmetre . 1 Tmetre
; " Handpump 0.69 059 C 042
& . Pedal pump steel 314" . 064  :  o0sl . 03 _
O+ Pedal pumpbamboo W 0 042 SO R < 1 S
 Pedal pump steel 5" . L2 063 5 L A
Ambay bamboo 34" _ 0.68 S 0.61 C.. 045
Bambog counter balance . 06 03 - 025
Bamboo spnng lever 064 031 017

- Table 2.- Flow rates for male test person (Us)

A Water liting devicei "~ ~ """ "2% metre - Smetre -, . ..Tmetre ... .
2" Handpump . 0.74 S 053 '; 041
- ‘Pedal pump steel 314" | 074 0.59 _ 050
* Pedal pump bamboo 3%" I 0.67 - 054 . - 037
~ Pedal pump steel 5* \ 1.29 . 0.85 049 :
- Ambay bamboo 3% | 0.65 | 0.58 0.48
Bamboo counter balance 0.72 _ 0.40 025
Bamboo spnng Iever o 0.72 03 . 021

Table 3 - Flow rates for child test person (Us)
Water lifting device - = ¢

Handpump . 049 . ... 038 Lo 038
Pedal pump steel 34" - 0.57 : 0.44 0.33 ?
‘'Pedal pump bamboo 3%2* 053 0217 018
-Pedal pump steel 5" 106 044 | 029
~ Ambay bamboo 34" 0.65 . 10.50 036
* Bamboo counter balance 049 027 019
~Bamboo spring lever 046 022 - _
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devxces.

F irst of all it is lmeresung to see that the flow rates of all the types of devices are quite in the

© same range. Initially it was assumed that the pedal pump would give up to five times more

., water as the handpump (paragraph 1.2 Background). Now it seems only in the most extreme
- ;,} case a factor two. However the pedal pumps are still doing good, compared with the other

: .. Regarding the testpersons, in general it can be concluded that the male person can lift more
& vatgr. However it is clear that the difference between male and female is very marginal,

~

o

o
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whereas the difference with the child is more significant. Especially in case of the 5" pedal
pump, body weight scems to be a limiting factor.

At shallow water depth, i.e. 2% metre, for all the test persons the pedal pump with the 5"
diameter and steel pedal is absolutely superior to the other types of water lifting devices. It is
/" interesting to see that the flow rates of the handpump compared with the bamboo counter

5 balance are for all the test persons about the same.-

When the water level g goes to 5 metre, the difference is minimized, as it becomes more heavy
, 10 operate the 5" pedal pump, causing a tremendous drop in flow rate of 50% for the child and
: 'female. and 35% for the male test person. However, for the male test person the 5” pedal
" pump remains superior. At this depth the child can lit more water with the 34" Ambay
: ~ bamboo type, being followed by the two steel pedal (5"and 3%:") pumps. For the female the
’ ﬂow rates of Ambay, handpump and 3'4" bamboo are about the same.

At 7 metre depth the differences become very mariginal. However the female and child test
persons can pump more with the 34" Ambay bamboo type, closely followed by the handpump.
For the man there is hardly any difference between the 5" and the 3';" steel and Ambay pedal
pumps

L The 3¥4" bamboo pedal pump is in generally giving less water, while the Ambay model, also
with bamboo and 32" dia, is doing better, both in case of the child and female test persons.

* Diameter is an important factor for the flow rate, as can be seen in the differences between the

~ §"steel and 32" steel pedal pumps. The type of pedal does have some influence, but a factor of
more importance seems to be the length of the cylinder, as can be seen in the differences

-between the 3'4™ pedal pumps. The steel pedal has only 9" height, the bamboo one 12" and the

ambay bamboo 14", the latter giving the best results. A theoretical explaination is that a larger

stroke gives relatively more effective pumping time, therefore causing an increase in flow rate.

. Bc.sndes this the type of check valve seems to play a role (see 8 hour testing)

& w,; :

) lmerestmg is lhat at shallow water depth the bucket systems are able to compete with the other

types of devices. However, when the water level is deeper, the flow rates drops down more

quickly. At greater depth, i.e. 7 metre the child was during this testing too scared to operate

the bamboo spring lever bucket system, that is why no measurements could be taken. In

general the counter balance gives slightly more than the spring lever.

3.1.2 Ease of operation

During the testing it became clear that on the pedal pumps and the handpump both the female

as the male could continue for at least one hour. After one hour they expressed that they could

- easily continue for another hour. The child required sometimes a break on the 5” pedal pump

~ at greater depth. The test persons expected that in general they could even easily continue

operating the pedal pumps for four hours.

- For the handpump their expectation was roughly two hours, while for the bucket system they
took breaks within 1-hour. Related to the depth they expected that more breaks would be

- required as the water level would be deeper.
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3.2 Testing during 8-hours

3.2.1 Flow rates

In the 8-hour testing only four types of devices have been tested:
= handpump: cast-iron lever-type, Mo.6 ' ‘
=> pedal pumps: 34" dia bamboo pedal system 12" cylinder

5" dia steel pedal system 9" cylinder . .
=> bucket system:  counter balance

The difference between the two pedal pumps is in diameter (3.5” and 5”), pedal type (steel and
bamboo) and cylinder height (9" and 12"), both promoted by IDE on the local market. The

flap check valves of the 1-hour testing, have been replaced by a better system of disk check -
valves. For the bucket system the counter balance has been tested, according to the preference

of the test persons. The results for respectively child and female are presented in the following
tables 4,5 and in the figures 4,5.

Table 4 - Flow rates for female test person - 8 hour testing (Vs)
Water lifting devieé .. "5

Handpump . | 00 03 021
Pedal pump bamboo 3%;* osl . 04 032

“Pedal pump steel 5" 'Q.77 ‘ B 0._59_ ' , (_).22' o
Bamboo counterbalance 045 029 017

Handpump 033

_ - 025 0.19
Pedal pump bamboo 3%" ‘ 0.50 0.44 022
Pedal pump steel 5" 094 0.38 | 0.21
Bamboo counter balance 0.41] ‘ - 0.26 ‘ 017
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The flow rates are in general considerably lower for the 5" pedal pump and the handpump,

~ than in the case of the |-hour testing. This decrease in flow rate is present from the very first
~ minute, while during the day the flow rate remains quite constant, as can be seen in annex D. It

seems that the fact that you have to operate it for a whole day, makes people operate it a lower
speed directly from the beginning. For the 3%4™ pedal pump however,-the flow rate is about the
same, or even more in case of the boy. This is probably due to a better check valve system and
the fact that this type of pump is more easy to operate. At least the difference in discharge
between the 3% "pedal pump and the handpump has increased.

. The pedal pump with 5" diameter is again doing tremendously good at 2% metre water depth,

but this was to be expected. However, this is still lower as was initially expected and claimed

(1.5 Vs). For the female the flow rates for the handpump and the 3%” pedal pump are the

same. For the boy the 3%™ pedal pump is a doing better than the handpump and the counter

~ balance is giving a higher yield than the handpump.

At S metre water depth, in the case of the child the flow rate of the 5" pedal pump drops
incredibly (by 60%) and ends below that of the 3%" pedal pump, while for the female also a
drop is there, but not so significant (23%) and remains still more than the 3%" pedal pump.
The drop in flow rate of the handpump is more in her case (40%).
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For the female only at a depth of 7 metre the 32" pedal pump gives more, with the handpump

as a good runner-up. While for the child it hardly becomes possible to make any distinction
between the different devices.

in the comparison between the handpump and the counter balance system, it can be concluded
that they give more or less the same discharge. Operated by the boy the handpump gives less

discharge at 2.5 metre water level, equal at 5 metre and slightly more at 7 metre. In case of the
female the handpump perfors slightly better on all depths.

3.2.2 Ease of vperation

_ Criteria for the ease of operation were the number of breaks, together with the time required

for every break. With this data the total break time and average break length are calculated.

“Table 6 - Frequency and time of breaks for female testperson (sec)

TIL Y metre
no. of total - avg. .no.of total avg. no.of total avg. .

break time break break time break break time  break
Handpump 0 -

-6 2245 3747 3 1068 . 356
Pedal pump bamboo 34" 0 - - 0 - -2 '__666 333
Pedal pump steel 5 2 9220461 0 - - 3 107 39
Bamboo counter balance 4 2100 525 4 2100 525 3 1620 540

AT 2% metre

_ e tmetre T
no. of total . avg. no.of total avg. no.of total ; avg. | -
-, break time  break :break time break break time : break

Handpump 2 20557101372 0899 450 2 746 ) 373
Pedal pump bamboo 3%s" 2 156 78 0 . - 2 774 i 387
Pedal pump steel 5" 0 - - 0 - - -4 1380 345
Bamboo counter balance S 2100 420 5 2280 456 4 1320 - 330

In the analysis of these data it becomes clear that the human factor is a difficult factor to
quantify. For instance; the boy did require a break on the 3%4” pedal pump at a depth of only
2%2 metre. When the water was deeper, at 5 metre, he did not require any break, while on 7
metre again breaks were required. The same happens in the case of the pedal pump 5” for the
female, In her case the handpump is even more interesting; at 22 metre no breaks, at 5 metre 6

breaks, where on 7 metre she took only 3 breaks.
Anyhow, the general impression is that:

* the number of breaks increases with increased depth, at 7 metre depth all the pumps require
breaks,

* the pedal pumps needs less breaks at 2% and 5 metre depth, where it seems possible to
continue for 4 hours, whereas at 7 metre depth it is reduced to only 2 hours,
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the 5 pedal pump needs more breaks at 7 m depth than the 342",

the handpump requires after 2 hours a break, different depth does not seem to have that
much influence in case of the child,

the counter balance needs always breaks, after 1 to 1.5 hour, regardless of the waterdepth,
the length of a break is relatively constant and is not increasing with increased depth,

The test persons indicated that all the devices become more difficult to operate at greater

depth, but especially in the case of the 5" pedal pump and the bucket system it is becoming
very difficult.

3.2.3 Capacity in a day

~ After knowing the required break times, the capacity for one day can be calculated. A day is
“defined as 8 working hours, divided in two sessions by a lunch break of 1 hour. In the

following daily capacities the operational breaks of paragraph 3.2.2 are included, but the lunch
break is excluded.

Handpump PR L O S 15 5
Pedal pump bamboo 3%4* T A T A
Pedal pump steel 5" | 205 110 e
Bamboo counter balance ]20 B N . ” 77 _ ‘ ‘ 47 o ﬁ:

“Table 9 - Day capacity for child testperson (m’/day)

Water lifting device ™ 7 "7 2% metre

[OA )
Pt

Handpump : 89 ... .68 e 04
Pedal pump bamboo 3%4* _ 143 126~ . 60
. Pedal pump steel 5* , 21.0 109 5.7
Bamboo counter balance 109 69 - ae
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Figure 7 - Day capacity for child test person (m*/day)

oG In general it can be concluded that:
: * the day capacity is much more influenced by the flow rate, than by the number of breaks, as
the patterns of the g,raphs for flow rates and daily capacity are about the same,
the pedal pump 5™ gives at 2 metre depth much more for both test persons, but drops
incredibly at § and 7 metre depth,

for the female the capacity of the handpump and the 314" pedal pump at adepthof 2% is
about the same, deeper the handpump gets a lower capacity,

at 5 metre depth the 3" gives the best results for the boy, but for the female it is still the 5”
pedal pump that yields more,

. at 7 metre depth the 34" version of the pedal pump becomes more interesting, for both the
~ test persons,

-

the counter balance is giving a reasonable capacity, in case of the boy even more at 2%

metre depth than the handpump, in case of the female in general slightly less than the
handpump, but at 7 metre the handpump is clearly better.

The following table gives the results in percentages, which makes it easier to coimpare. The

drop of the 5" pedal pump is tremendous. But also the drop in flow rate of the handpump, for
the female, from 2% metre to S metre is considerable.
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Table 10 - Day capacity expressed as percentages for female testperson

Water lifting device 2Y2 metre S metre 7T metre -
Handpump ‘ 97 ! s s

Pedal pump bamboo 3'4" wo i 8 el
Pedal pump steel 5° ' 146 R I [ o 41

Bamboo counter balance ' 82 ' 52 . 32

Note: 2% metre, pedal fmmp bamboo 3%4” is index (100%)

Table 11 - Day capacity expressed as percentages for child testperson

) g - 2% metre Smetre 7 metre :
Handpump ‘ ‘?2._..,.‘..#__.'*____.‘,____,‘.‘E__“____.... S
Pedal pump bamboo 3'2* 100 - 88 . S
Pedal pump steel 5* R L 2 U U A I
Bamboo counter balance o 76 ! 48 : 32 |

Note: 2V metré, pedal pamp barmboo 374" s index (100%%)
3.2.4 Preference of lest persons

At the end the test persons were asked to give their preference at different depths. In this case
a distinction has to be made between drinking water and irrigation water. Drinking water can

in the social context of this area not be lifted up by means of feet. To present this water to
someone is considered as very impolite.

The preferences of all the test persons (F = female, M = male and C = child) for irrigation
purpose were as follows:

~Table 12 - Preference of test persons for the purpose of irrigation water (m*/day)

2.5 metre . Swmetre . 7metre

Waterl'im;i;‘dévic‘e' S

3 C F

‘Handpump 5 31374 4 4 ' 3 i 4 3 |

Pedal pumpbamboo3.5* 1 2 0 2 1 2 ‘1. 2 Toaaily-l 2 To1-]

Pedalpumpsteel3s* 6 6 . 5 5. 6 S 4 .5 4
 Pedalpumpsteel " .- 1. .1- 2 1.0 2 6 Z1-1 6 |
" Bamboospringlever " 4 - ST1 6 6 5 6 .S i\ 6 | 5 |

Bamboo counter balance T3 4 4 ’ 5 " 3"“;- '-3--,? "2 _ 3 K 2*

All the persons preferred on 2% metre water depth the 5”pedal pump, as according to their
words it is easy to operate and gives a high flow rate. Their second choice is the 3.5 pedal
pump. Male and child then prefer the handpump, while the female prefers the bucket systems.

When the waterdepth goes 1o 5 metre, still the two pedal pumps get the preference, but for
both the child as the female, the 3%4™ has become no. 1 choice, with the 5” as a second choice.
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Interesting to see is that all the test persons at this depth prefer the counter balance above the
handpump.

On' 7 metre depth, both the child and the female consider the 5™ pedal pump as too difficult to

operate and put it in the last position. The 3%;" pedal pump gets their full support at this depth.
However, the male still prefers the 5" type.

R
.
I
T
A x.
:
i
i
;

The preference for the 3'4" steel pedal pump is very low, as the stroke of this type is very
limited, compared with the 3%4" bamboo pedal pump. If the stroke of the steel one can be-
improved, they prefer a steel pedal system,

- The test persons all together told that operating the bucket system the whole day at a depth of
2Y2 10 5 metre is no problem, but when the water is deeper it becomes too difficult.

,‘“”“ln the preference two factors are possibly playing a role, one is the ease of operation, another

" is the capacity. In case that you have to pump the whole day, the ease of operation will be

more important, while if you have to irrigate a plot, the capacity might be of more importance
~ as the time factor will also play a role.

The preferences for the purpose of drinking water is presented in table 13, The pedal pumps
are completely excluded because of the earlier mentioned reason. However, if the pedal pump
is used by hand, which is easily possible in the case of the bamboo type, this problem does not

arise. People also already use the bamboo pedal pump at their homesteads, when not required

in the field, by using only one cylinder and having an increased standpipe 10 comfort the
operation,

Table 13 - Preference of test persons for the purpose of drinking water (m*/day)
. i 2SS metre.

Handpump 33 2 3 002 03 ateielan
Pedal pump bamboo 3. s - - T
Pedal pump sieel 3 5 - ;.-1. _'-“ SRR T ’- SRR
’Pedal pumpsteel o L T ..‘ I S L , o
Bamboo spnnglever 2 T ERECE . R R AR e
_ B{a_mboocoumerbalance -1- .1 - -1- ' -_l'_- -1- “-_l'_- -l - T2 ,;

The test persons in general prefer the bucket system, instead of the handpump, as this latter is
giving according to them a bad taste to the water due to high iron content. They think that the

qu-ality of water from a open well is better. The counter balance is always preferred above the
Spnng lever bucket system.

When the water gets too deep, the handpump is getting the preference of both the boy and the
- male. The boy clearly indicated that at this depth it becomes too hard operate the bucket
system and children of his age will be scared to do this kind of job.
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| 4 CONCLUSIONS AND RECOMMENDATIONS

4.1 Techunical performange

4.1.1 Earlier assumed yields

In paragraph 1.2 (Background) assumed was that the handpump would yield 1 m’/hour, which
is 8 m* for 8 hours. Now we can conclude that this assumpuon was quite right, at shallow

water depth (2% metre) it is in the range of 9-14 m’, for medium depth (5 metre) 7-8 m’, and
“+for deep depth (7 metre) 5-8 m’.

In case of the bucket pump the estimation was too high, ex?ected was that when the well
‘would not be a limiting factor, the yield could be 2¥-3%a m /hom', i.e. 20-28 m’ for 8 hours,

The test resulls howev er show that it will only yield 11-12 m® in the case of shallow water, at
mcdxum 7-8 m’ and 5 m® for deep ground water.

* Only f0r the 5" pedal pumps some data was available, saying that 6 m® per hour was possible,
s0 48 m’ for 8 hours The results however show that it is considerably lower; i m case of the 5”
pump 22-27 m’ for shallow water depth, 11-17 m® for medium depth and 6 m’ for deep depth.

While the 34" pump yields 14-15 m’ for shallow water depth, 12-13 m® for medium depth and
6-9 m’ for deep depth.

4.1.2 Actual performance

In the analysis of the results the incredible drop in discharge for the 5” pedal pump is on first
sight remarkable. For instance in case of the boy, if we go from 2% metre to S metre, the water
depth increases by 50%, but the flow rate reduces by 60%, and another 2 metre more depth
(40% deeper), gives an decrease of 45%. , o

In case of other pumps these kind of drops are not occuring, which is even more remarkable,

as one expects that when the water has to be lifted over twice as much heigth, the flow rate
will also reduce twice times, under optimal conditions.

A rule of thumb is that a person can get an output of its own weight in Watts. So that means
for the boy 34 Watt and for the female 42 Watt, If we compare this with the outputs (lift head

x flow rate x 9.81) given by the pumps we get the following i interesting results, see the
following tables 14 and 15 and efficiencies can be calculated,

- Table 14 - Output in Watts for female testperson

P 2Wametre . . Smetre” {7 7Tmetre
+-+~ Handpump . 123 . w1 185 .
" Pedal pump bamboo 34" 125 20 1 220
Pedal pump steel 5" _ 18 s 28 9 151 ”
. Bamboocounterbalance 1.0 142 117 i
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Table 15 - Output in Watts for child testperson
Water lifting'device .. - *.. 2% metre

7 metre
Handpump 8.1 o 123 '; 13.0

Pedal pump bamboo 34" . 'i"2.3 IH S “21.‘6 o | ) a |5| _ | l
Pedal pump steel 5" ooo3a o se - 144
‘Bamboo counter balance , e F 2 Lty A J

If we take the case of the female testperson, the highest output she gets with the 5" pedal
i:pump at 5 metre depth; 28.9 Watt, so an efficiency of 69%. On 2'; metre depth the efficiency

is only 45%, whereas at 7 metre it is only 36%. For the 32" pedal pump it is at 7 and 5 metre

depth, resp. 48% and 52%, whereas at 2%; metre it is only 30%. '

The boy also has the highest efficiency (68%) for the 5™ pedal pump, but at 22 metre depth.

At is interesting that every pump reaches its highest efficiency at different depths, and that it
- differs per test person.

A possible theory for the fact that the flow rate is not so directly related with the the lifting
.head, and the fact that the highest efficiency is reached at diffent depths, could be that we are
'» «dealing with different kind of efficiencies, let's say:
~ir; ¢ ergonomic efficiency; which is increasing with depth, because when the water is not so
-+ deep, not all input is required, while at greater depth all manual input can be given.
¢ mechanical efficiency: which is decreasing with depth, as for instance more friction will be

lhel'e- ' !
REA : ﬂq
B ] M echanical efficiency .
£
. =
1o -
s} S
1 E
L)
. o Ergonomic efficiency
lift head

Figure 8 - Theoretical efficiencies

Thi§ might explain why every pump will have its highest efficiency at a different depth. The
i optimum of the two efficiency's will differ for every type of lifting device.

"1t can be concluded that the 5* pedal pump has the highest efficiencies, but there is still scope
-, for improvement. '

4.1.3 Scope for improvement

\Y'u.h the 5™ pedal pump the highest efficiencies have been reached. It scems that this pump has
highest potential for improvement. This pump can be improved in different ways.
Mechanically the check valves have already been replaced, and the stabiliser also has been

improved, Another type of washer, with less resistance can again reduce the friction and
increase the efliciency.
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The manual input can probably be used more efficient by:

e using another (longer) type of pedals. In case of the bamboo pedal pumps a big advantage is
that the test persons can change his’her position on the pedals and in that way increase or
decrease the momentum.

increasing the cylinder height, at this time only 9" is present, because more height will
increase the stroke and therefore the effective pumping time (relatively less time is necessary
for the change from downward movement to upward movement).

9:0°0.0: 1

ey
o

P

4.2 Selection of most suitable pump

4.2.1 Flow rute and capacity

In drawing final conclusions for this project and 1o come with recommendations, the local
factors are playing a very important role, if we look into the technical results-of this testing, i.e.
the flow rates and the daily capacity, can conclude that:

o at 2%: metre depth the 5" steel pedal pump is superior
e at 5 metre the 5"steel and the 3%;” bamboo pedal pumps perform the best
o at 7 metre depth the 3%2" bamboo pedal pump gives the highest yield

=
¢t

. The average ground water depth in the North Bengal Terai Region is about 3 metre, that
means that the 5" steel will give the best results, followed by the 34" bamboo pedal pumps.

4.2.2 Ease of ope}ation

If we take into consideration the ease of operation, the pedal pumps are more user friendly,
both the 5 and 3':" type, especially at the waterdepths that we have in the Terai region. On
this kind of pumps someone can continue operating the pump for 4 hours, and can in that way
easily operate it for a whole day, which is required if someone wants to irrigate a whole field.
At 7 metre depth only the 34" bamboo pedal pump remains ergonomically the best.

4.2.3 Investment costs

Initial investment costs are a factor that should not be excluded. In the following table an
indication of the costs involved are given. All prices are according to present market rates.
In the case of the handpump it is a tubewell of G.1.-pipe of approximately 40 feet and a
concrete basement (Rs. 500). In case of the pedal pumps a tubewell of bamboo (°) is possible

and a G.1.-pipe (*) is possible, and only 20 feet is in use. For the bucket system the well
consists of concrete rings, up to 22 feet depth,

" " . cost of device s total cost - - -

Handpump " Rs. 2000 ‘Rs. 600+ 500 Rs. 3100

Pedal pump bamboo 3" Rs. 150°- 1000® Rs. 300 Rs. 450 - 1300

Pedal pump steel 3%4"  Rs. 150° - 1000% Rs. 700 ‘Rs.850-1700
- Pedal pump steel 5" Rs. 150° - 1000 Rs. 1200 Rs. 1350 - 2200

‘Bucket system Rs. 1250 Rs. 150 Rs. 1400
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The pedal pump with bamboo pedals and 3%" diameter and with bamboo 1ubewell, or even
with G.l.-boring is the cheapest option. The 5™ pedal pump, with bamboo tubewell fc_mows.
This makes the pedal pumps economically the most interesting option. The question is of
course how long a bamboo tubewell can last, but this is reported 10 be up to three years.
The bucket system is from economically point of view also more interesting.

4.2.4 Purpose of use

A distinction in purpose of use can be made between irrigation water and drinking water.

For the purpose of irrigation water, the capacity and the ease of operation are most important
parameters. In that case the pedal pumps are simply the best option.

For drinking water the quality of water is mainly the only factor. Ease of operation is also of
importance, but for domestic use a person does not operate a pump for a very long time. In
that case the quality of water of tubewells is better than open wells, The pedal pump has the
‘problem of lifting water by means of foot, which can not be given as drinking water to socially
higher placed persons. This problem can be solved by operating the pump by hand, but the
‘question is if that will be generally accepted. The test persons were having no problem with
that and in the field it is observed that people use the bamboo pedal pump at home at a higher
standpipe, for the purpose of drinking water, and when they go to their field they bring the

~ pump with them. However, the handpump seems 10 be the best option for the purpose of
© drinking water.

4.2.5 Other factors

- Placing handpumps in the middle of the field has the risk of theft. Removing and fitting the
“handpump is a laborious job and therefore handpumps are always permanently placed in the
homestead, where it can easily be used for domestic use, but the distance to field is increased.
The bucket systems can be placed in the field as they are not prone to theft, only the bucket has

10 be brought home. However, the main expenditure is the ringwell and that can be constructed
at only one place.

The pedal pumps, especially in case of a bamboo tubewell can easily be removed at the end of
the day and fitted the next day. In the case of the 34" type, with bamboo pedals, the whole

- bamboo construction can remain in the field and only the two cylinders have to be carried

- home, for which nowadays these pumps even have a handle. Even more borings in different
fields can be made, for which the same pump can be used. This makes this pump again very

interesting for irrigation use, as in this way the distance to the field can be reduced and
therefore the losses minimized.

.3 Recommendation

Initially the objective was *“to collect data in order 1o be able to make a comparison between
the different technologies in order to select the most efficient type”. However, now it becomes

~clear that the already installed handpumps, and the newly introduced pedal pumps are not
competitors, but have their separate working range. If the objective is to provide irrigation
water the pedal pump is the best option, but if the objective is to provide drinking water, the
handpump is better. .
Although the handpumps are installed by the department of Agriculture, with the main purpose
of providing irrigation water, they are actually also used for drinking water as well. The latter
being a very positive side effect, that also contributes to the objective of the project to
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“improve the standard of living of small and marginal farmers™. So in this way this choice for
handpumps is justified.

However, if a technology has to be chosen with the only objective of providing irrigation
water, the pedal pumps are recommended. As second choice recommended is the counter
balance bucket system, as this is more cost effective and giving nearly the same yield as a
handpump.
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Annex A
Pictures of testing site

A.1 Pictures of testing site
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Annex ALl - Pictures of testing site

Overview of testing
site,

Male test person is
operating the §°
pedal pump and the
Now rate is
measured,

In fromt on the right
side is the 3.8
bamboo pedal
pump,

In front, centre is
the closed well,
thereatter the tank
and then the open
well, '

Male test penson with counter balance system.

Female testpemon on Ambuay pedal pump



Design sketches

Annex B

R S S——

B.1 Plane view of closed well with pumps
B.2 Side view of closed well
B.3 Connectlion of pumps to well
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B.2

Annex B.2 - Design sketches: side view of closed well : I xoavi
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Annex B.3 - Design sketches: connection of pumps to well
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Annex C
Measurement forms

C.1 - Discharge measurement form for
cylinder pumps

C.2 - Discharge measurement form for
bucket pumps

C.3 - Time schedule measurement form



’

C.1

: Slalé__gg; meusurement; _ 1. preliminary

S 2. final

Date: !

Day time:

Dotie by:

lvpg of- pump: i. handpump '

B2 Siind 2. pedal pumnp 3%2" dia

Lo 3, pedal pump 5* dia

Test person: I.LBimulRoy .....coovvvvnnn... male
2. VijoyaRoy ..........vv.... female
3. Shamal Roy ..... ceeveaeeeeea, child
Wauier dcpﬁh when tank s half full:: Lo o metre below ground level
bmrlnfﬁ time of operation;
Discharge measurcments: Start Stop Total

Filling time:

Rést Breuk:

Filling time:

Rest break:

i-'illing time:

-] ot Tilling time:

ot break time:

g’nlume of water in tank:

t

i

Remarks: |




C.2

| DISCHARGE MEASUREMENT FORM FOR BUCKET PUMPS

'Dnu‘;:

. eergus
Day tine:

| Doneby:

“Type-of pumyp: 1. bamboo counter-balance
l" 2. bamboo spring lever

'le;x'p'crsou I.BimlRoy .................. male
e 2. VijoyaRoy ..........0..... female
i 3.ShamalRoy ...........c...... child
Watér:depthe oo metre below ground level

Y LY T

Stanting time of operation:

_megiqn shedule for 1 hour:

No. of buckets

Avg. volume of -
bucket

Operation time: - -~ e
e [IA '
Rest break:

Operation time:
Rest break:

()pcrmion time:

Total operation time/hour:

Total break titmefhour:

T
Remarks: -

R s

P Rl S OMNS

-

o

~

—

—

e

~—r

et



C3

Annex C.3 - 'l"ifne schedule measurement form

TIME SCHEDULING MEASUREMENT FORM
Date;

Day time:

Done by:
Type of pump: 1. handpump
o 2. pedal pump 34"
3. pedal pump 5* :
4. bamboo counter-balance
5. bamboo spring lever
Test person: , I.BimuRoy .......co0v0vevs., male
L 2. VijoyaRoy .........c...... female
3. ShamalRoy ........... v ee....child
Water depth: e metre below ground level
Starting tinie of operation:
Operation schedule for 1 hour: Start Stop Total

Operation time:

Rest break:

Operation time;

“Rest break:

| Operation time:

Total operation timefhour:

Total break lin{cllmur:

Remarks:




Annex D
Results of testing

0.1 Data of 8-hour testing




DEPTH  PUMP-IYPE

1 2 3 4 5. 6 7 8 svesge total ime breaics avgino A o
25m handpump - 049 046 045 045 055 048 059 048 0.50 a 0 soc 0 no. . ., 143ImI o——— T
podal JS'hmboo 051 049 050 052 054 053 050 050 051 e 0 sec 0 no. - 8¢ : 147 m3d |20
pedal 5° steel z 079 074 074 071 077 065 066 1.10 077 s 922 sec 2 no. | 461 sec « 21.5 m3Md i:.lll
counterbalance : 0.50 051 045 038 044 042 045 s 2100 sec 4 no. 525 sec 120 m3Md
Sm bandpump 3 028 028 038 032 027 028 027 028 0301 2245 sec 8 no. : 374 sec 7.8 m3d Y M ————
: peodal S.S'hamboo; 039 040 040 047 042 044 038 037 041 s 0 sec Ono. ; - sec . 17T m3d i
pedal §° steel ; 066 062 057 056 082 058 054 057 059 e 0 sec Dno. - eec 17.0 mad --.-.4
counterbelence + 035 030 027 029 024 027 0.29 s 2100 sec 4 no. 525 sec - 7.7 mid .
im hendpump . - 028 028 028 027 029 025 024 026 027 1068 sec 3 no. 356 sec 75m3d 30— - -
pedal 3.5'b‘mboo 035 032 030 031 035 030 030 03t 03216 666 sec 200, - 333 sec . 8.9 midd zof ;
pedsi&~stesl 1 020 018 024 022 021 024 021 024 022¥s | 1107 sec 3no. 39sc | 60m3d g
counterbalsnce . 0.7 017 017 019 0.17 017 vs 1620 sec 3no. 540 sec 47m3d O -
L )
TESTPERSON child
DEPTH PUMP-TYPE ELOW RATE MEASUREMENTS BREAK TIME MEASUREMENTS DAILY CAPACITY FOR 8 HRS
1 2 3 4 S 8 7 8 average _total tme bresks  avgtme ) -
25m  handpump 033 034 031 031 029 042 035 032 033 s 2025 sec 2 no. 1013 sec 89 mid ,565 -
peodai 1.6 btmbooﬂ 047 044 0S50 051 050 045 060 051 050 s 156 sec 2 no. 78 sec 143 m3Md
pedai §" steal <091 0B85 090 095 100 076 111 1.02 084 s 0 sec 0 no. - sec 27.0 mid ,10-. .
counterbalance 051 045 040 033 038 032 041 s 2100 sec 5 no. 420 sec 10.9 m3dd oy -
5m handpump 026 028 024 021 023 024 025 025 025 s 899 sec 2 no, 450 oec 68mad [po———  _
.pedal 3.5°bamboo 047 0458 041 040 044 043 042 048 044 1 0 sec 0 no. - gecC 12.6 mid '20-
pecial 5 steel 042 035 038 038 041 038 035 037 038 s 0 sec 0 no. - seC 109 m3d 1o .-
counterbalance 027 028 028 029 028 019 024 026 Ve 2280 sec S no. 456 sec 69mid ‘ol —
Tm handpump 019 017 019 020 0.18 021 019 022 019 Us 746 sec 2 no. 373 sec S4m3d Do———— —
pedsl 3.5°bamboo 023 022 020 018 023 023 023 020 0221k 774 sec 2 no. 387 sec 80 m3d 2
pedal 6~ steel 025 020 021 023 024 019 0.17 Q.18 021 s 1380 sec 4 no. 345 sec 57 m3Md 110'
counterbaiance 0.15 0.18 017 0.18 0.16 017 s 1320 sec 4no. 330 sec 46 m3d o NENENN s

0.16




