To know whether farmers or drillers decide the depth of well on the basis of their information regarding
the depth of freshwater thickness in the area, water quality data was collected from wells of different
depths. It was found that the depth of the freshwater is site-specific characteristic while the depth of the
well is a generd trend (Figure 9) and the decision regarding the depth is not based on the freshwater
thickness.
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Figure8. Temporal trend of depthsin shallow tubewellsin the study area.
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4.2 NUMBER OF STRAINERS

The number of gtrainers in the study area varies from 1 to 26. The shallow tubewells are most popular
among farmers. Figure 10 shows the distribution of number of strainers in skimming tubewells in the
study area. In skimming tubewells, 10 and 18 strainers are aso common. Farmers decision regarding the
number of strainers in skimming tubewells is arbitrary. The farmers do not have any idea about the
optimal number of strainers. In most of the cases, they have to depend on the local drillers who decide the
number of strainers. Sometimes, farmers follow the neighboring well design taking into consideration the
quantity and quality of water from that tubewell.

Figure 10. Distribution of skimming tubewellsin the study area.
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Most of the farmers and drillers have this miscomprehension that the discharge of well will increase with
the number of strainers. Theoretically, this is true but, up to a certain number. The farmers also prefer to
install more number of strainers with the intention that if some strainers have to be closed due to one or
the other reasons, the remaining strainers will be functional without reducing discharge sgnificantly. In
general, farmers are interested to get high discharge. This seems to be a psychologica decision rather than
based upon the techno-economics. This maximum number of Strainers in skimming tubewd | in study area
is 26 (Plate 5). The farmer reported that due to problem in strainers, he had to close 14 strainers and now
only 12 strainers ae in operation. He also reported that after closure of more than half strainers, the
discharge of the tubewel is unchanged. There is general consensus among farming community that
skimming tubewells are more vulnerable to get any sort of operationa problem due to higher number of
strainers. Plate 6 shows the 16-strainers skimming tubewd| in the study area.
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Plate 5. 26-strainers skimming tubewell in the study area.

Plate 6. 16-strainers skimming tubewell in the study area.

The indicator used by the farmers for tubewell discharge is the jet from the ddlivery pipe of the tubewell.
A long jet was regarded as the high discharge. It is aso observed that farmers refer the same discharge as
high and low if it is coming out from small and large diameter pipes, respectively.

The size of strainer (diameter and length) also varies widely for the same depth of the skimming wells.
Tables 2 and 3 show how the strainer diameter and length change with depth of the shallow and skimming
tubewells, respectively. Framers and loca drillers use large Size strainers with the intention to get high
discharge. The information regarding the size of the strainer and well discharge was collected in the study
area. The data shows an irregular trend between total area of the strainers and well discharge in farmers
shalow tubewdls (Figure 11).
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Table2. Variation in strainer size with depth of shallow tubewellsin the study area.

Depth of Shallow Diameter of Strainer | Length of Strainer Area of Strainer

Tubewell (m) (cm) (m) (m?)
30.0 10.0 24.0 754
125 24.0 9.42

15.0 24.0 11.31

15.0 21.0 9.90

175 24.0 13.19

175 21.0 1155

20.0 24.0 15.08

20.0 21.0 13.19

34.0 15.0 29.0 13.67
15.0 27.0 12.72

15.0 24.0 1131

175 27.0 14.84

20.0 27.0 16.96

37.0 15.0 30.0 14.14
15.0 29.0 13.67

15.0 27.0 12.72

20.0 30.0 18.85

20.0 24.0 15.08

20.0 21.0 13.19

Table3. Variation in length of the strainerswithin same number of strainers.

Number of Diameter of Length of Strainer (m)

Strainers Strainer (cm) Maximum Minimum Average
4 75 12.0 8.0 10.0
6 7.5 9.0 7.0 8.0
10 5.0 12.0 8.0 9.6
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Figure1l. Variation in well discharge with area of strainer.

It is difficult to derive any concluson from this, as there might be other factors like energy input,
mechanical transmission, condition of strainers, aquifer properties, pump size and prime mover, €ic.,
which could influence the well discharge.

4.3 HORIZONTAL DISTANCE OF STRAINERS

It is @ common practice among farming community to ingtal the strainers in skimming tubewells & the
same depth but, at varying distances from the pump. In farmers perception, if the strainers are installed at
the same horizontal distances, they will take the water of each other thereby reducing the overal
discharge of the tubewell. In some cases, it is doserved that farmers try to install the tubewell near the
watercourse to facilitate the diversion of water and hence, install boreholes of that side at shorter distance
from the center. Figures 12 and 13 shows the arrangement and horizontal distancesin 16- and 11-strainers
skimming tubewell, respectively. In 16-strainers, the horizonta distances range from 3.74 to 2.24 m with
an average distance of 3.14 m. The reason for shortest distance of strainer no. 10 was due to the
foundation of pulley. This pulley is used to transmit power from tractor’s power take off (PTO) shaft to
the pump through flat belt. On the opposite side, the strainer lengths (strainer nos. 1, 2, 3, 15, and 16)
have been reduced due to storage tank construction for delivery of pumped water. In 11-strainers
skimming tubewell, the tee joint consists of 12 openings but, 11 were used. The horizonta distances
range from 4.60 to 1.45 m with an average of 3.09 m. The distance of strainer nos. 1, 2, 9, 11 and 12 were
reduced due to watercourses at two sides of the tubewell periphery.
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Figure 13. Arrangements of horizontal distancein 11-strainers skimming tubewell at Muhammad Nawaz Farm, Nabi Shah.



4.4 PRIMING

The priming has been a mgjor problem of a centrifugal pump and shalow and skimming tubewells in the
study area are not exemption. During PRA, most of the farmers (about 62%) reported that they are facing
the problem of priming in their skimming wells. This problem is more pronounced in skimming tubewells
as compared to shallow tubewells. The PRA datistics shows that 75% of the total skimming well owners
are facing problem of priming their wells while in shalow tubewells, this was 48%. During field vists, it
was observed that the time taken to lift water in shalow tubewells varied from 5 to 20 minutes while in
skimming tubewells it was from 10 to 40 minutes. In priming, the water is pored into the pumping unit
through delivery pipe and the air is released through air-vent valve (Plate 7). The pump is then, operated
and the practice is repeated until the pump lifts water. Theoretically, if there is no entrance of air into the
pumping system or there is no leakage d pressure (suction), there must not be a problem of priming each
time. Farmers could not explain the cause of this problem. They are of the view that the problem lies
somewhere in the non-return valves. Most of the farmers have accepted this problem as a part of their

pumping system.

5 Sl iy
P T

Plate 7. Priming in skimming well.

4.5 WATER QUALITY

During the discussion, farmers told that the deep groundwater of their area is brackish due to which the
lands are being deteriorated. Most of farmers assess the quaity of tubewell water from the crop growth
(88%), by tasting it (9%) and by laboratory testing (3%). They term the waters sweet and brackish on
relative basis and compare it with the quality of canal water.

The saline water badly affects their crops and especialy citrus gardens. The source of their knowledgeis
the white patches on the soil they observe after irrigating the fields with deep water. The other indictors
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used by the farmers to assess the soil degradation are: (i) soil hardness, (ii) low germination rate, (iii) no
crop, (iv) late field capacity condition, (v) stunted crop growth, and (vi) low infiltration rate. Most of the
farmers with shallow tubewells complained that the water quality remains acceptable during first one or
two years of tubewedl installation but, deteriorates later on. They use the growth and fruit of their citrus
gardens as an indicator to water quality. Their indicators could not be judged on scientific basis in the
present study.

4.6 SAND IN PUMPED WATER

About 39% farmers reported sand in their pumped water. According to their version, the sand in the
pumped water is due to large openings in the strainers or some cracks in the polyvinyl chloride (PVC)
strainers. Farmers are not very much worried about the minor quantity of sand. They told that only
excessive amount of sand might cause land subsidence and hence, collapse of borehole. When asked
about the remedial measures to reduce or possibly stop it, they proposed using fine porous synthetic
material to wrap the strainers. When the reasons of cracks in the strainers are discussed, they are of the
view that large pumping unit (high suction) is the reason adong with the low quality materid (especialy
strainer and blind pipes). Regarding the qudlity of material, amost al the farmers depend upon the loca
drillers who provide materia for farmers tubewells. It is observed that most of the tubewells pump fine
sand for fraction of a minute only. Table 4 shows the sediments in pumped water during first 2 minutes of
tubewell operation in reported skimming wells. In most of the tubewdls, in which the sand problem was
reported, the amount of sand was minute and could not be detected.

Table4. Sand inthe pumped water at reported skimming wellsin the study area.

S Farmer Strainer s Specifications Sediment
No. Number Type Lengt Year of Load
h(m) | Installation (gmfl)
1 | Muhammad Akram 16 PvC 9.0 2000 7.13
2 | Muhammad Nawaz 11 PvC 9.0 2000 10.52
3 | Nadir Hussain 1 Jute Coir 24.0 1990 4.61
4 | Bjaz Husan 1 Jute Coir 24.0 1995 344

4.7 REDUCTION IN WELL DISCHARGE AND SUCTION BREAK

About 28% of the farmers in the study area reported reduction in well discharge after 2 to 4 hours of
operation. The problem occurs both in shallow and skimming tubewells but, is more frequent in shallow
tubewdls. In one case, the problem occurred due to the breakage of blind pipe in skimming tubewell
(Tarig Bashir Farm, 7 NB). Both, farmer and driller accepted that this happened due to the use of poor
quaity pipe. To detect damaged pipe (or Strainer) in the skimming tubewells, farmers have developed
their own methodology. Two methods are commonly used: (i) Pump is kept running and the hissng
sound of the air is listened from the pipes. The pipe that has the leakage give the hissng sound. (ii) The
pipe from each strainer is digoined from the tee-joint and a hand pump assembly is attached to the pipe



(Figure 14). The hand pump is operated and if it does not lift water, the strainer is considered as non-
functional. The non-functiona strainers are repaired, replaced or plugged permanently. This method puts
extra economica burden on the farmers as the horizonta pipes have to cut for hand pump installation and
then, these pipes are rejoined together or some times have to replace. The authors of this report proposed
a method to diagnose the problematic strainers. For this purpose, the pump is dismantled and outlets in
the tee joint are closed with the help of some cloth or wooden peg. One outlet is opened and the tee joint
is filled with water. If the water level in the tee joint reduces, this will indicate a leakage in the Strainer.
Otherwise, the next outlet is opened and tee joint is refilled with water. The same procedure is repeated
until the defective strainer is found. The present method of using tee joint is economica and reduces the
chances of |eakage from new joints.

Ddlivery Pipe

Pump
Non-Return Vdve | |

—

| |
o I i— |

«—Suction Pipe —»

«—— Straner —»

Figure 14. Farmer’s practice to diagnose the suction problem in skimming tubewell.
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5. DIAGNOSTIC ANALYSISOF SKIMMING WELL PROBLEMS

The most reported problems during PRA were analyzed at farmers' skimming wells. Local farmers were
involved in the learning process. A rationa and progressive diagnostic approach was adopted to enhance
the farmers understanding regarding the problems with their skimming wells. The reasons of successes
and failures were discussed with them. The main objective of this approach was that the farmers must
own the outcomes of these diagnostic analyses.

5.1 DEPTH OF WELL

The depth of the tubewell mainly depends upon the required discharge of the well and the locd hydro-
geologica condition of the aquifer. The depth of well is directly related to the cost of the tubewell. Figure
15 shows the increase in total cost of tubewell with the increase in depth of 15.0, 17.5 and 20.0 cm
diameters shdlow tubewells. These calculations are done based on the current prices of different
components of skimming wells. These prices are quoted in Annex-111.

70,000

@ 15.0 cm diameter
@ 17.5 cm diameter
[ 20.0 cm diameter

60,000 1

50000 o n T

40,000 4

30,000 4

Cost of Well (Rs

20,000 4

10,000 4

30 34 37 40 43 46 49 52 55 58 61 64 67

Depth of Well (m)

Figure15. Increasein cost of the shallow tubewell with the depth and diameter.

The discharge of the shalow and skimming tubewells in the study area ranges from 23 to 30 liters per
second. It can be reasonably assumed from the data that farmers target discharge is approximately 28
liters per second. It can be achieved either by drilling a single borehole in thick freshwater layer as in
shallow tubewells or by usng more than one borehole in relatively thin freshwater layer as in skimming
tubewells. In both the cases, the depth is very important as the water quality deteriorate along the aquifer
profile. The research team of the present study adopted an innovative method in the field, in which a test
borehole of small diameter was drilled. The water samples from the bailer at different depths were
collected during drilling and these were analyzed for water quality. The result of water quality analysis
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determines the depth of the well. If the water quality is acceptable at deeper depth, then a separate
borehole of large diameter can be drilled for shallow tubewell. If the water quality is acceptable at
shallow depth but deteriorates at deeper depth, then this small diameter test bore can be converted into
one of the boreholes in skimming well. The strainer can be lowered up to the depth where the quality is
good or marginal.

A tria using the above method was performed at the newly installed skimming tubewells at Tariq Bashir
Farm in the study area. A test bore of 10.0 cm was drilled to a depth of 21.0 m. The water samples from
the bailer was collected and analyzed to monitor the quality of water aong the aquifer profile. The water
quality started deteriorating below 18 m (Table 5). The electrica conductivity (EC) of less than 1.50 dSYm
is considered good for irrigation (Qureshi and Barrett-Lennard, 1998) and this was available at depth less
than 18 m. Hence, it was decided to keep the depth of the well above 18m.

Table5. Water quality along the profile of test borehole at Tariq Bashir Farm, 7 NB.

Sr. Sampling Depth EC pH

No. (m) (dS/m)
1 6.0 0.904 7.67
2 9.0 0.862 7.62
3 12.0 1.002 7.68
4 15.0 0.742 7.64
5 18.0 0.906 7.83
6 21.0 1.682 8.01
7 24.0 1542 791

With this method of water sampling, one cannot get samples those are true representative of the water
quaity at that profile. The samples collected from bailer are mixed weter from different geological
profile. But, in the present context, the interest was to find out the expected quality of the pumped water,
which aso comes from along geologica formation and hence, the method adopted in the field served the
purpose.

5.2 NUMBER OF STRAINERS

Keeping in view the framer’'s target discharge (i.e., 28 liters per second), the borehole described above
was then, converted into one of the borehole with 9 m strainer and 9 m blind pipe of 7.5 cm diameter. A
pumping test was performed at this borehole for 6 hours and the discharge and drawdown were
monitored.

The discharge from this single-strainer was about 6.5 liters per second. So it was decided to drill three
more boreholes of the same specifications to get the target discharge. This 4-strainers skimming tubewell
has discharge of 26 liters per second. The same procedure was repeated at another site (Soni Khan, Nabi
Shah) where the farmer was interested to install new skimming well. Here, instead of drilling four
borehole of 7.5 cm diameter, six boreholes of 5.0 cm diameter were drilled. In these boreholes, 9 m
strainers and 9 m blind pipes were used. Both the skimming tubewells had same area of strainers and the
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discharges of these wells were amost the same. The distance of the strainers from center was about 3 m
in both the skimming wells.

The number of strainersis also directly related to the cost of the skimming tubewells. Increase in number
of strainers aso increases the overall cost of the skimming tubewell Figure 16 shows the increase in cost
with number of strainers for 5 and 7.5 cm diameters. The above method may help define more
economical design of he skimming tubewell.
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Figure16. Increasein cost of skimming tubewell with number of strainers.
5.3 HORIZONTAL DISTANCES OF STRAINERS

The horizontd distances of the strainers depend upon the alowance, which the designer provides to alow
the drawdown to overlap. Different field trials are being conducted in the field with different scenarios to
see the effect of variation of horizontal distances of strainers on the well discharge and hence, to find the
optimal distance of strainer from the center. The objective would be to spatialy distribute the pumping
stress so that saline water cone would not rise under any of the borehole.

54 PRIMING

It was observed that farmers in the study area are not following the conventional well design (Figure 17).
In the conventional well design, the non-return valve is fixed at the lower end of the suction pipe. This
valve holds the water in the suction pipe due to the weight of the water column in the pipe. In the farmer's
shalow and skimming tubewells, the blind pipe is used directly as suction pipe and the non-return valve
is fixed just below the centrifuga pump assembly on the suction side of the system (ref. Figure 1). The
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present practice of skipping the suction pipe is to reduce the cost of the system. On the other hand, it
might be one of the reasons to drop the water level from the blind pipe, as there is nothing to retain water
in this pipe and hence, needs priming each time before operation. The use of suction pipes is observed
only in the public sector skimming tubewells.

Delivery Pipe \

Pump

Blind Pipe ___|

«— Suction Pipe

Non-ReunVave | §

«—— Strainer

Figure 17. Schematic presentation of conventional tubewell.

To provide dtate-of-the-art solution of the priming problem, different field trials were carried out. The
possible causes of the drop in water level in blind pipes were discussed with farmers and evaluated
accordingly. Starting with their assumption of leskage in non-return valve, a storage tank was attached
with the delivery pipe of the well above the pump (Figure 18 and Plate 8). The tank was filled when the
well was in operation and the stored water in the tank then, was used for priming purposes in next run. As
there was unrestricted flow through the delivery pipe, only a smal portion of the tank was filled due to
less delivery head available. But, this was not enough to fulfill the need of priming. Firs, it is suggested
that a gate-valve could be provided at the delivery pipe to restrict the flow. This was not recommended as
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this might cause damage to the pumping system if the operator was running the pump with delivery side
closed by the gate valve. A very coarse method was used to close the delivery pipe with hands to restrict
the flow. When this method was applied, there was an increase in the head, which filled the water tank to
the level sufficient for priming. In the next run of the pump, the stored water was used instead of pouring
the water through ddivery pipe.

There was not much success in this system of priming. The time consumed to lift water by the pump was
amost the same. This system only facilitated the priming procedure but, did not provide a solution. It was
also observed that the water remained in the delivery system above the non-return valve, which clearly
rejected the assumption that the leakage was through non-return valve.

The next step was to look below the non-return valve. It was considered that the water level in the blind
pipes seeped out of the strainers into the aquifer to maintain water level in the surroundings and air took
the place of water in the blind pipes. The source of air was unknown. It might be from some loose joints
in the system. The second step to find some solution of the priming problem was based on the above
explanation. This time, ingtead of filling the pump above ddivery side, the system was modified to fill the
blind pipes. For this, storage tank was attached with the delivery pipe and was filled during pumping
(Figure 19 and Plate 9). An outlet from the tank was provided in the tee joint (where all the suction pipes
joined together) to refill the blind pipes. Before running the pump, the water from the tank was released
into the ddivery pipes to fill them. It was observed that the volume of water in the storage tank was not
that enough to fill the blind pipes fully (11 strainers of 5 cm diameter and 9 m each blind pipe at
Muhammad Nawaz Farm, Nabi Shah). The reason might be the release of water into the aquifer from the
strainers as the water tried to maintain the level in the system. This system would have worked if the size
of the tank were larger and the water would have been poured instantaneously.

Working on the same problem, a third option very close to the conventional design of the wells was tried.
The non-return vave below the pumping assembly was replaced with non-return valves between the blind
and the strainer at each strainer (Figure 20). This option was tried a newly ingtalled skimming tubewells
of 4drainers at Tariq Bashir Farm, 7 NB and 6strainers skimming tubewell at Soni Khan Farm, Nabi
Shah. This arrangement worked successfully and solved the problem of priming. The total expenditures
on these valves were amost the same as that of conventional non-return valve but, it had benefits in terms
of saving in fuel consumption and the time spent to prime tubewells without this arrangement.
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