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AN ANALYSIS OF PRIVATE TUBEWELL COSTS
by

Edwin H. Clark, IT
Mohammad Ghaffar

INTRODUCTION

The growth in private tubewell installations in the
Punjab has come to be recognized as one of the more signi.
ficant developments to have occurred in a "traditional"
agricultural economy. It has been a completely indigenous
and primarily private development. Although the first |
private tﬁbewells were being installed at least 30 years
ago it was not until about 1955 that most of the Barili and
Upper Rechna .Doabs reached an average tubewell concentra-
tion of one tubewell per 20,000 acres, that the development

1/

began to "take off" —, At the present time there are probably

2/

at least 60,000 of these tubewells in operation™

- Few people appreciated how significant this growth
was until Ghulam Mohammad published his classic article in
1965 / 17_7. Sinese then it has become a subject of a great

interest to many economists concerned with questions of

1/ The history of the development will be presented in more
detail in a forthcoming monograph to be published by the
PIDE. The statistical details of the growth since 1945

—

are available in /7,8 7.

g/ The fogrph survey of private tubewells conducted during
the third quarter of 1967 showed 51,400 tubewells in
operation and an installation rate of about 10,000
tubewells per year. See / 7_/.



agricultural development and the ability of the deVOloplng
countries like Paklstan/gzvelop indigenous technology for
growth It has also, of course, become a central point in
“the dlSCUSSlOHu cf how West Paklstan can most efflciently
develop her limited wateér resources to expand agricultural

production.

In spite of this interest and in spite of the several
analyses of private tubewells which have been undertaken
since 1965, there has been no comprehensive study of the
development since Ghulam Mohammad wrote his original paper.
The Agricultural Section of the Pakistan Institute of
Development Economics.(PIDE) is presently in the process’of
making such a study. In this paper we present some of our
results pertaining'to private tubewell costs. In this study
we have used published and unpublished data from studies
conducted by other organizations as well 'as reﬁrocéssing

several of our own surveys.i/

The paper is organized intotfour.sections followed by
a short ébnclusion. Sectionéll,includesfa general . descripe
tion of a tubewell and then ihvesﬁigétes how ﬁhe design
varies between reglons, and what is known about such factors
as dlscharge and efflclency. In Section III we consider the
costs - investment, operation and maintenance -- of the

tubewells to the counﬁfy, adjusting prices to take account

3/ See the bibliography at the end of the paper for a
complete list of sources,
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or such factors as the use of foreigﬁ éxchange and labour
and the incidence of taxes and subsidies. In Section V we
discuss the conclusions of the first three sections,
investigate how the costs have been changing over time,
and consider véridus means by which the economic and

technical efficiency of the tubewelfs might be improved.

IT. THE PRIVATE TUBEWELL

The term 'tubewell' is used in Pakistan to distinguisn
the type of well in which the water is lifted from the
groundwater aquifer through pipe or tube to the surface by
a mechanically operated centrifugal or turbine pump.:As with
any such well the tube is composed Of two parté - biind pipe
and strainer. The blind pipe, which is mild steel pipe with
solid walls, is fitted in that part of the well running from
the ground surface down to the grouﬁdwater aquifer. The
strainer, a pipe which allows the water to seep into it while
holding back the soil, is fitted in the remainder of the well

where it passes through sand or gravel aquifers.,

In must of the private tubewells the water is lifted
by a centrifugal pum§ which is pldce& ab the bottom of a
pit as close to the watertable as.pOSSible. For the tubéwells
operated by electric motors, the motor is ébupled directly
with the puﬁp at the bottom of the pit;'gnd for those operated

by diesel engines, the engine is at the ground surface and

the pump is driven via a long belt.



Tubewell Components

The sizes of the various tubewell components will
depend upon the quantlty of water pumped, the overall
efficiency of the well the depth to the groundwater
" table,’ ‘and tho permeablllty of the groundwater aqulfer.

"In Table I we show how the sizes and dlmen31ons Vary

among elght major tusewell districts in the PunJab.

The changes in the depth to groundwater are indicated

by the variations in the average depth of the pit - from -
almost nothing in Gujranwala down to 25 feet or more in

Sahiwal and Multan. Similarly, the average depth of the
tubeﬁell.(depth of bore) varles from about 90 feet in
Gujrat and Sialkot to 188 feet in Sahiwal. The average length
'of blind pipe varies from about LO feet to almost 100 feet,
and the average leﬁgth of stfainer from L4 feet to oﬁeg 100

- feet in the same areas.

The motors and engines in Sahiwal and Multan are also
somewhat larger on the average than those in the Gujranwala
area because of the higher 1ifts required in these more
gsouthern districts. In all districts the average size of
the motors - supposedly because of the less efficient driving
mechanism of the engine. The most common diameters of the
tubewell (this is the diameter of the blind pipe) are 5
inches and 6 inches. Smaller diameters may be used on smailer
farms when there 1s no plan to sell surplis water, and bigger

diameters may be used on'farms greater than 100 acres.



- N /_ ) X

10 t— Y .

Eon
“a
: &n

| L : } L}i m%..,@_l

o 0.5 1.0 . 1'g 2.0 2.5 3.0

Discharee in Cusecs

FIGURE:~ 1, showing Discharge variations and . -
Number of Tubewells.



8
it is computed by dividing the work output of the pump by
the power consumption. For diesel engines it is computed
by dividing the work output of the pump by the rate o
diesel o0il consumption times the energy content per unit
of diesel oil. The efficiency computed for the electric
tubewells is probably more accurate than that computed for’
the diesel engines since the measurements of the rate of
fuel consumption cannot be precise, and there is no way of

knowing whether the fuel has been adulterated. or not.

Histograms showing the computed efficiencies are given

%p Figures 2.A and 2.B. The overall efficiency of diesel
engines is much less, averaging about 9.5 per cent, than

that for electric motors, averaging about 44 per cent. IV is
interesting to note,;howéver, that 1if the efficiency of

the combined eleétrical generation, transmission and distri-
bution system is as low as 21 per cent, from an energy stand-
point thé overall efficiencies of both thé electric énd.diesel
systems would be the same: (neglecting the energy required to
transport the diesel oil to the tubewell). The heat rates of
various thermal generating stations which are already in
operation or are proposed for various locations in West
Pakistan var& from 10,000 Btu/net kwh to over 24,000 Btu/net
kwh /729,pp.29-30_7. The median value is about 12,000 Btu/
net kwh. This is equivalent to a generating efficlency of

29 per cent, Distribution losses are expected to be reduced

to about 17.5 per cent by 1975 / 27, p. 4k_/. Thus, the overalli
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system efficiency of the electric tubewell about 10.5
per cent - almost the same as that for the diesel-eng ne

tubewells excluding the transportation of diesel fuel.

One reason that both diesel and electric tubewells
rare inefficient is that the engines amd motors seem to be
substantially over sized. Figure 3 shovs the horsepower
required to 1ift 1.0 cusecs and 1.5 cﬁsecs at various heads
and pump efficiencies. In Gujranwala the average total head
is about 31 feet (including drawdown, velocity head, pipe
losses, etc.) / 9 /. The pumps are probably about 50 to 60
per cent efficient. The average discharge of these wells
was measured at 1.31 cusecs. Therefore, a rated horsepower
of 8,4 H.P., should be adequate. In fact, the average horse-
power of the motors is 14.1 H.P., and of the engines is 17.1
H.P, We must conclude that either the rated horsepowers are
grossly lnaccurate or the pumps and engines are substan-

tially oversized.

There may be good reasons for using an oversized
electrical motor. Motors are designed to oﬁerate with a certain
voltage - usually 440 volts - and to draw a certain current
which 1s a function of the slze of the motor. The r elationship

is most simply expressed by the standard direct current formula.

P =1V

where P is power, I is current, V is voltage.
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If the foltage falls below the designed level, the
motor will hafe to draw more curreﬁglto produce the same power.
If the. voltage drops to 70 per cent of itédesigned value, the
current will have to increase by.slightlj ovér 4O per cent to
compensate. If the motors were designed for;ﬁhe power output
actually being used, this'current'bvérloéd.would prébably
burn them out. As protectioﬁ against this, motors designed
~far the larger current and thus é.higher horsepower output
are used. This same reasoning, hﬁwever, does not apply to
diesel engines. It is not cléar why these should be as over-

sized as they appear to be.

IITI. The Cost of Private Tubewells to the Farmer

From the figures presented in Table " there appear

to be two distinct regions for tubewell development. One is
the Lower Bari Doab composed of Sahiwal and Multan Districts
vﬁ@rethe tubewells are 170 to 220 feet deep, and the other

is the Upper Rechpna Doab region composed of Gujranwala,
Sialkot and Gujrat Districts. This is the same distinctién
which Ghulam Mohammad made in his original paper. The other’
districts fall somgwhere between these two extremes. Therefore,
in the remainder of this paper we will consider only the
extremes in order to bracket -the range of private tubewell

costgﬂwData from Sahiwal and Multan will.-be combined and
cdmpa£edegﬁﬂ;those from Gujranwala, Sialkot and the few

1

data ffom Gujrat.
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Investment Costs

Even within onc of these regions, of course, investment
costs may differ significantl§ from one tubewell to the next,
There ‘are :differences in the”qUality'énd”quantity'of materials
used. A farmer using imported components will invest more
~than a farmer using all indigenous components. Or one férmer
may want a bigger'tubéwell, or perhéps jusp'é fancier bné.By
taking the averages within each of our two regions we hope to

have eliminated all such variations.

As Table II indicates, both electric and disel tubewells
are about 3,150 rupees more expensive in Multan than in the
Gujranwala/ Sialkot area. The increased depth to the ground-
water aquifer in the former region increases the cost of‘gll
components. The biggest cost differences are for the increased
lengtb‘Qﬁpplindwpipe,wincreased;size of motor or-engine, and
increased masonry work.&The latter item results from the fact
that the pits for the pﬁﬁp (ahd motor) average‘ZS feet deep

in Multan/Sahiwal aﬁd thérefofe have to be lined with cement
masonry té prevent théﬁ from caving in. Miscellaneous costs
are also somewﬂat.higher:in Mhltan/Sahiwgl. This item incldes
such fa;tors as transpdrtation, some labour charges, and -
materials not incl@déd elsewhefe. These items may cost less

in'Gujranwala/Sialkot because this region is the centre of

the tubewell industry and perhaps because there is more

competition ambng tubewell suppliers.
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TABLE ITI
DETATILS OF PRIVATE INVESTMENT COSTS

Ttems : ‘ Gujranwala- Multan-
Sialkot and Sahiwal
Gujrat
Bore orldrilling 306 543
{(74) {55)
Pit qigging 702/ 340
(1) (48)
Blind pipe 27 1,166
(75) (55)
Strainer 4,89 895
(75) (55)
Masonry work 675 1,146
(74) (55)
Pump 696 841
(132) - (48)
Miscellaneous ‘ ' 629 980
: (66) (53)
Sub-total 3,202 5,911
Electric motor & appurtenances 2,708 3,253
' (50) (28)
Diesel engine & appurtenances 6,030 6,553
Rt (27)
Total cost of electric tubewells 6,000 9,164
Total cost of diesel tubewells g, 322 12,464

Note: -a/ Most of the farmers in Gujranwala and Sialkot
Districts either.do not dig or dig out the
" pits with their own family labour.



16

Whebher the tubewell is electric or diesel, the power

" source with its appurtenances is the single most expensive

component béiﬁg over 50 per cent of the total cost for
diesél engines, and about 40 per cent for electric motors.

- However, -electric tubewells in eitter location are consis-
tently about 3,300 rupees less expensive than the diesel
tubewells. This is because the engine is basically more

expensive, and it also, requires more appurtenanbes.such as
pulleYs and belts in order to drive the pump. An engine also

requires housing.,

. The low cost of t he drilling is an important_factor
in the economicsyéf private tubewells. This is generally
less than five per cent of the total investment cost. In
only very rare occasidéns is any mechanical power used 'in
this operation. It is mostly done by a "percussion" method
using a hand winch. The low cost of drilling permits the
tubewell owner to inexpensively move his tubewell if its
dis§harge begins to decrease or the strainer suffers some

damage. -

~ The strainer is also relatiwly inexpensive, being
manufactured by hand with indigenous materials. It is made
by windihg coir éﬁfing (string made out of coconut fiber)
tightly around a round steel cage constructed out of iron

strips.
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Operation and Maintenance

For either type of tubewell, annual Operaﬁing and

maintenance costs depend upon the discharge of the well,
'the total depth to the groundwater acquifer, the amount of
water pumped, and the efficicncy of the engine or motor.

In all respeéts, the diesel tubewell , which was a more
expensive investment for the farmer, is also more expensive
to operaﬁe and maintaein,., Much bf this difference is due to
inconsistent priéing policy by the government, as will be
discussed 1ater. However; diesel engines are also basically
more costly to operate. The cohparative costé, as they appoear

to the farmers, are shown in Table III.

Diesel Tubewells

About 75 per cent of the total annual operation and
maintenance costs for diesel engines 1s spent on fuel oil.
The fest'is primarily taken up by the wages of the operator
“ {which average about AOO'rupees'per'year) and lubrication
(whichuéveréges about 14 per cent 6f total operation and
maintenance costs). The price of the low speed‘dieéél oil
used 1n almost all private tubewells averages 1,71 rupees
per gallon and the cost of lubricating oil about 4;96 fupees
per gallon to thé‘férmerquhe dealer'slgdntrolled ﬁri;é for
light diesel”dil‘is T.67 rupees per gallon The difference

i1s apparently taken up by transportation'and some scarcity
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premium.-

Electrict Tubewells

Electric tubewells have both lower operating and lower
maintenance costs. The power cost to the farmer is about
0,08 rupee per kilowatt hour which corresponds to about
0.63 rupee per operating hour in'Multan/Sahiwal.‘The actual

cost is 13 to 24 per cent higher than this because of such
~ additional charges as meter rent, minimum‘consumption
hguafantees; etc. In elther case, the per hour cost to the
farmer is 47 to 56 per cent cheaper for the electrical

tubewell.

4/ The annual fuel consumption for diesel tubewells in the
Multan/Sahiwal area shown in Table III is about 15 per cent
less than that repcrted in Ghulam Mohammad's study /17 p 52/
The figures given here include the results of a study by th
Punjab Board of Economic Enquiry which was conducted in 166
1964/ 730 7/, a year carlier than Ghulam Mohammad's. The dif-

ferences may be either a rcesult of different samples from t
same universe, or it may be that utilization rate did incre
Support for the second explanation is given by the fact that
the Harza study in the Gujranwala Area/ 9 _/ which was conduct:
a few months after Ghulam Mohammad's gives a slightly higher§
utilization rate. ' '

The similarity in the total cost of fuel consumption in
the two areas is misleading. The cost per hour in Multan/
sahiwal is greater, about 2.20 rupees compared to 1.67 rupe

“but ‘the number of hours of operation is higher in Gujranwale
etc. 2057 hours compared to 1678 hours. One would expect
Bhe number of hours to be higher in the Gujranwala area
because of the importance of rice in .the Kharif cropping-~
pattern. However, the difference ‘may also result from the

- fact that the surveys were undertaken in the different

- regions at'different times.
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TABLE ITI
ANNUAL:GOST OF OPERATION AND MATNTENANCE

OF PRIVATE TUBEWELLS

Tubewell : Gujrenwala, Multan
Sialkot, Gujrat. . Sahiwal

Diesel Tubewell

Diesel oil S 2,505 2,683
| (79) (54)

Lubrication ' L65 520
| | (56) (54)

Other costs (operators! L6, L85
pay, broza, etc.) (63) (52)
Total cost per annum 3,433 - 3,687
Hours worked per annum 2,051 - 1,678

EFlectric Tubewells

M ectricity o 1,507 2,105
(57} 157

- Other cost {lubrication, . 198 | O
operators, etc.) L41) ' {52)
Total cost per éﬁnum 1,705 . 2,199
Hoﬁrs work ed per annum 1,923 ¢ : 2,269

Note: Figures in peranthesis indicate , the number of
observations.
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Electrict tubewells also do nét reguire as high
expendituﬁe-férﬁlubpication~and~o%her'main%enance, and
operators are only-secasionally-retained. The Harza studm{§_7
shows a hlgher proportlon of wells with operqtors in Gugran-
wala than any of the other studles for that reglon or else—
where. Thls/why the ”other costs" in Table IITI are twice as

hlgh in the Gquaanla area as they are in Multan/Sahlwal.

Repairs; Replacements, and the Tubewell's Economic Life:

One of the major uncertainties-about private tubewells
has been their expected life and their annual repair costs.
Surveys report tubewells which have been operating for fifteen
to twenty years -~ although most of the original components may -
have been replaced. Whether or not this is the samé tubewell

depends upon one's definition of repairs.

In thisistudy we have initially chosén.to dé%ine the
life of a tubewell as the number of years 1t stays in one pit
During this ﬁime there are probably se¥eral different bores
Ldrilled, which ‘we take to be repairs. Similarly, engine rebor
ing, mosor fewiﬁding, pump impeller replacing and other such
. major items are taken as repairs rather than marking the end
of the life of the machiné. ‘

Sﬁarting from this basic definition, we have used the

fellewing method for computing the frequency or repairs. We

start with the sample of tubewells on which we have repair data

5/ Frequency tables showing (by year of tubewell 1nstallatlon)i;
the time to pr&lr and time since repair for the major types’
of repairs are given in appendix Table A~T to A-5.
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_.Some of these have needed repairs and some have not. Taking
;those_which have required repairs, we compute the average time
betweenﬂthe_initial installation. and- the first repair or
between one ngpair and a subsequent repair, These computations
are given in Column (3) of Table IV. We are then left with a
number of. observations on the time since the last repair or,
if no repair has been required, the time since installation.

- The average of these observations is shown in Column (k)

of Table IV. All we know about these observations is that no
.repair has been required yet, Presumably, onec will be required
Vét some time in the future. It would be incorrect to ignore
these observations.since, as Table IV incidates, the average
time since the last repair is longer than the average time
between repairs. This is true even though the majority of the

tubewells in our sample were less than threc years old.

TABLE TV

-AVERAGE FREQUENCY OF REPAIRS

Average Average @ Average Computed fre-
Component age of time to time since quency, of
: © sample °  repair last repair. repdéir
1 2 3 b 2
‘ T e e o e o years —<wsecocrcconeces oo

Engine 2.83 1.70 1.7 2
- Motor 3.1k o 1.94 ' 2.06 2
Pump - 2.97 - 2.19 2.40 - 3.
| L

L

Redrilling  2.97  2.47 2.39
Others 2,97  1.79 2,57




.
To comblnc fheél £w6 sets of observatlons we begin by
:taklng the average tlmu to repalrs as, a flPSt approg}m@tlon
.Of the average repalr frequency. Then from the samples used
.ih compufing Column‘(h).wé eliminat> all those tubewells for
which the time since the last ropalr (or installation) is
less thﬁn the averagc time to repairs. We comblne the remalnvnoé
obsarvééiéns w1th those glVlng the tl%e tqfrepalr, and-comput-\-;':'E
a second aporoximatlons of the Qvefaga'frgquency of repdirsn
This is a longer 1nterval than fhe average timé to"repairs.
Uo ellmlnate all those observations for whlch the time since
the last repalr or installation is less than our second . approxf#
mations and comblnlng the remainder with the observations on :
time to repairs, compute a third approximation of repair fre-
quency. ﬂfter several such 1teratluns, thg ‘recomputed erQUbncyl

_does not 1ncrease enough to cause the" ellmlndtlon of any furthav

'ygar 1ncrements) and we take thlS as the frequcncy of repalrsof?
These computed frequencies are given in Column(5)'of_Table IV,.E
Since perhaps half of the obéérﬁations ﬁséd in compﬁting-theseéﬁ
frequencies were tﬁbéwells which‘had not yvet needed a repair, :
our éohputed frequencies are probably still too low, NeVérthemg€
less, we will use them in our furthe?“gaiculapippgi,Qn.this .
Bééfgnﬁéwgéh“take ﬁhe a&efége éost of each type af repair and

divide it by the frequency of repairs to determine the averageié

annual repair cost as is done in Table V.

6/ If time had been measured continuously rather than in
increments, this method would produce a series of computed
frequencies which wouldl approach some value asymptotically.
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TABLE V

ANNUAL "VERaGE COST OF REPAIRS ~ND REPL"CEi E NTS

Average Computed Average
Components cost per frequency repair cost
repair of repairs per annum
Rupees Years Rupees
Repairs to:
Engine 397 2.4 165
: Motor 465 2.9 160
Pump 214 3.9 55
Other parts 216 93 50
Redrilling Cost:
Gujranwala/Sialkot/ 947 4.1 231
Gujrat LR
Multan/Sahiwal 1344 4,1 328

Average annual cost of repairs per well:,
Gujranwala/Sialkot/Gujrat . 499-—,

Multan/Sahiwal 596

Repairs to engines and motors and tubewell redrilling hav
the highest annual costs. The most common engine repair is th
reboring of the cylinder which is required every three years
or so. The most common repair to the motor is for rewinding
the armature or replacing the bearings. Armatures often burn
out either because of faulty manufacture or because of low
voltage. It is interesting to note that the cheaper but more
frequent engine repairs have almost the same annual costs as

the less frequent but more expensive motor repairs.
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The highest cost item is for redrilling. Redrilling
is necessary either because the strainer has becun damaged,
allowing sand. to flow into the well, or because of the
stralner hdS become clogged R drilliﬁg;involﬁes Jacking the
Cold well out of the ground and drllling a' new bore in the
.bottom of the same p1t7/The same bllnd pipe that was pulled
cut of the old well can be used in the new, and it may be
possible to re-use tho same strainer cages after rew1nd1ng
them with colir string (some are pulled out of the old well
undamngd and unclogged and can be used in the new well as
they are). In bUCh a way only a small amount of the reborlng
costs are taken up by materlals, the maJor prcpurtlun belng

for 1nbour.

Many wells requ1rc rbdrllllng during thblr flrst year
of operation (see, Appcndlx Table L~1) appdrcntly becgusc the
strainer is dﬂmﬁged durlng the 1n1tlal instdllatlon If the
strainer is installed undama ged 1t will only nuud ruplacombnb
if 1t becomes clogged or if the coir string is brokon. Coir
string when wet looses only 15 tc 30 per cent of its strength
and elongabes slightly. It neither rots in water nor is signi-
ficantly affecfed by dissolved salts. HoWever, ruéting iron

apparently does affect the string's strengthvéfh, pp. 24=17_/,

7/ The p1t may be deepenod ir tht Watertablo had daclined
' -since the last reboring,s : . K

8/ Personal communication from. Dr. Nazir Ahmad of the
Irrigation Research Institute in Lahore. Sec also Lh /.
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elther because of some chemical reaction ur because the rusted
strips are apf to have sharpened corners. This is thought to
2 o ’ '
be the reason for strainer failures which occur after several
years. One significant advantage colr string has over such

traditional strainecr materials as iron and brass, is that it

docsn't correde / 4, p.2h-19 : 6, pp. 2,3_7.

Given the frequency with which wells are redrilled,
onc determinant of a tubewell's 1lifc according to our defini-
tion is how many bores can be made from th; same bite This
number 5uéﬁs to vary from four ﬁo six including the original
“bbfe.:By this criterion the 1ife of a tubeweil would be ffom
sixteeﬁuto twentnyour years., Howéﬁef, there are varioué
sther factors which dictatc the usec of a life érbuﬁd fifteen
years. One 1ls the number of times the briginal blind pipe can
be re-used. Everytime the pipe is jacked oﬁt of the grouhd for
redrilling, iﬁ is weekened., Three or four re-uses would probably
be the effective linit for this item. Si&ilarly, there are only
sc many tdmes aﬁ“engihe cah ke rébofed befofe it requires a
major overhaul in:thé féctbpy..Engihe rcboring is requiréd
about once cvery three yeafs (the higher frequency of reportoed
éngine repairs resuits from the‘incidsiqn of repairs to |
bearings and other parts) and can be done four or five times
to the samce cylinder'hééd. These two factors would dictate a
life of about fifteen td'twenty yeafs. In odr further calcula-

tions we will use the shorter Iife,
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Though we haVL only rarsly found an 1nstan0n when an

engine or motor was raplacbd because it was too old to’ sperate
'propsrly,‘many believe that eight to ten years or less is the
effective lifs;sf these cOmpbneﬁts.‘Forfphis }éason we will
also include an alternative calculation in which the engine

- or motor, pump and “othcr"‘items are assumed‘ty,have a life

of ten rather than fifteen years.

Summary &f Private Costs

4 summary of the private tubcwull costs to thc farﬁer
is prescnted in Tablg VI, Varlable costs 1nclude operatlon,
.malntenance, and repairs. Fixed costs are thu amortlzbd costs
bof the 1n1t1al investment. Since We are dballng w1th cosce as
they appecar to the 1nd¢v1duul we have usud two dlfferunt

dlscount ratcs in our compututlons. In the flrst computatlon,
A, we a<sumc the farmcr hds bgrroaed the entire 1nvestmunt
cost from thc Agrlculturwl DbVLlOmeht Bank forwsqun years

at 6 per cent interest. leed cests w1ll be highest during -

these flrst seven years whlle ho is paylng the loan back.

After that assumlng that the llfo of all components is
fifteen years (Case Awl) fixed costs Wlll be zero. If however,»
the life of the englnb or motor,'pump, and other parts isg

taken to be cnly 10 years (Gase A-ll), the leLd costs w1111 e
zero from years seven to ten and thon-w1ll reappear again {rom
years ten to fifteen, We have assumcd that the farmer replaces
these componcnts out of his retained carnings for which he has

an implicit discount rate of 15 per cent. In the second
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calculation we assume that the original investment is made out
of savings for which the farmer has an implicit discouﬁt_rate
of 15 per cent. The seme alternative assumptions are made
about the life of the various components as under 4. We have

- alse computed the variable cost per hour and per accre-foot

of water pumped, The ratio of fixed to variable costs will be
the same as they are for annual .costs. These ratios are also.

i

shown in Table VI.

ben Table VII we have computed the cost to the farmer of
irriggﬁing the major crops growﬁ in the Punjab. Two seﬁs of
figuféé are given for each crop. The figure on top is the cost
if the tubewell supplies only the water requirements which are
notésatisfied by the (average) rainfall. The figurc bolbw, in
parénfhesis, is the cost if the tubewell supplies the entire
wagér fequiremonts. Fixed costs arce computed on the bésis of

fifteen year life for sll components and discount ratc of

15 per cent. The costs to the farmer of irrigating these same
crops by canal water arc also shown in Table VII. The cost of

irrigation from a tubewell is up to four to eight times as

expensive as the cost of irrigation from a canal.

IV. SOCIAL COSTS OF PRIVATE TUBEWELLS

The cost of any resource to sbciety may differ
significantly from its cost to the individual. Gevernments
often control market prices (through an officiul exchange

rate, imposing taxes op/subsidies, restricting the availability



SUMMARY OF PRIVATE TUBEWELL COSTS TC THZ FARMER

. lRatie of Fixed Costs to Variazble Costs

chwde\mmwwzmH

¥ )
Gujrenwala area al (Gujranwala irea . Multan/Szhiwal
Diecsel | wimctric memmwwmpmoﬂwwow Diesel § Flectric Diesel | Electric
. o . .W A .
. I. innual Costs : M B -
. Varisble costs 3840 2155 4,240 2735 i
. . N .
Fixed costs !
. : J
Le Loan at 6% for 7 yesrs - : - - i
(i) 75-year HHM@M\ | w
1 to 7 years 1670 1075 2235 1640 .43 i« 50 .53 .60
7 to 15 years C 0 0 ) o 0 ¢ 0 0
b (11)10 to 15-year Hw<mmW\ i “ . . -
1 tc 7 yeers 1670 1075 2235 1640 | .43 .50 -53 -60
7 to 10 years ¢ Q -0 Q ¢ 0 0 9]
10 to 15 years 14L7°F " 8C5 1665 1015 .38 .37 .39 .37
B. Discount rate of 15% | o .
(1) 15-yoar 1ife?/16u0 1030 2130 1570 | .41 .48 .50 .57
(i1) 10 & 15 year 1810 1140 2370 . 1710 47 «53 o .56 .67
} A . lives s . : B
. HH.<demww® costs per : IR _
hour & 1.88 1.12 . 2.53 1.21
III.Veriable nomnw : . . ’
per icrefoott 1.80 10.93 24L.3 1.6 |

Nctes: a) ALl components ¢ s~uwed To have 1b5-year life., L

g b) Engines,motors, pumps ariu 'miscellancous parts' assumed to have 1life of 10 years,
other components 15 yecars. *e :

¢) To determinz fixed costs »er hour cn per acrefood, multi=ly variable costs by
ratio of fixed tvo varledie cost given on right-hand side of table.
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ELECTED CROPS

BY PRIVATE TUBEWELLS

COSTS OF IRRIGATING S

AND CuNsal

a/ b/
Gujranwala irea Multan/Sahiwal Canal
Diescl ! Electric ’ Diesel | BElectric
Rice: variable L2 25 - -
costs (58) (36)
Tetal costs 39 37 - - 104
5 g
o (82)  (53)
Sugarcarnc: '
Variable = ‘74 L5 121 58
costs (92) (55) (140) - (47)
Total costs104 67 183 91 :
(130 (81) (210) (105) 21.6
Cotton:variable - - 59 28
costs (66) (31)
Total Cost - - 88 Ldy
(99) (L9) 10.4
a/ . '
Wheat :variable 20 12 30 14
cost (24) (15) (33) (16)
Total costs 28 18 145 22 6.4
(34) (22) (25)

(50)

Notes: Figures in parenthescs show costs if therc were no
rainfall. Other figures show costs assuming average
rainfell. Computations based on data contained in

[15521522 7.

a) 411 figurcs apply to Upper Rechna Doab.

b) Cotton figures apply to area near Multan;

and wheat to area near Sahiwal.

sugarcane
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of a resource by licensing, ctc.) and do not always use that
control to establish thc most "rational™ system of prices.
Therefore, particularly in developing countries, it is usually -
niecessary toLCompute two measures of cOst, one the cost to

- the individual (as was done in the previous section) and the

- other the cost to socicty.

When computing social costs, wne has to determine

which resources are being consumed in any process and to
. . , , . t
‘estimate their "real" value. Their real valuc i1s often

measured by their "opportunity" cost, the highcst marginal

revenue pfoduct these resources would‘produce if used in

some altern: tive manncr. Somctimes these opportunity costs
may be below the m&rket price. This is usually thought to

be the case with unskilled labour in a'surplus—labdur £COonomy .
For other resources - foreign exchange for instance- the
controlled price appcars to be substantially belqw.the
opportunity cost. In eithcr case, choosing the "éorféct"
price for an economic analysis is apt to be an arbitrary

process, Faced with such uncertainty, the best policy is

usually to do some sort of !'sensitivity'! analysis so that the
cffects of altern:tive assumptions on the results are made

clear.

The ReSOufce_fdr which the official price is mést

obviously inappropriate is the price of foreign exchange,

Pakistani importers arc forced to pay up to 13.5 rupees por

US dollar escluding duties, or up to over 20 rupees per US
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dollar.inclﬁdingrduties aﬁd taxes, whereas thc o}ficisl price
1s maintained atwﬁé‘fupees. The former prices are probably
too high, the latter price undoubtedly too low to measure the
true value of foreign exchange to the cuuntry. e will hope
to bracket this true value by using Various'prices from 7.14

rupees (1.5 times the officiel price) to 14.28 rupecs (3.0

times the official price) per US dollar in our computations.

The apprepriate price for labour is wmore difficult to
determine. Skilled labours probably arc not surplus {although
there may be seme evidence of thelr being treated as if they
werc so). This makes it necessary to define skill leovels,
However, with unskille’d labour there is a2 need for close
administrative or managerial talent which may alco bec in
short supply. Furthermere, it is-impossible to determine the
‘entire amount of value added to any resource within the
country resulting from its being handled by unskilled labour.
e have investigated thesproportien of value added ‘paid to
labour at certsin steps in thce processing of goods for use in
private tubewells. We will show these costs separately so they
may be added to the other costs at whatever shadow pricglis

. thought to be appropriate.

‘We will treat taxes and subsidies as if they are enly
internal transfer payments and thus do not represent a real

cost to the nation., It has been questioned whether this is

9/ We include herc the cost of labour which may presently have
skills, but who were unskilled until they began their
present occupation.
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an appropriate treatment of téxes in derIOping countries.
However, it is by'far the most étrqighﬁlf@rwar& method and we
will use it here, Itlhas élso been suggested that since
develobing countries often have difficulty raising sufficient
income through taxation to fipance the deéired development
expenditures, government re-~~ipts should be given some wéight
higher than their face valuc, Certailnly, anyone living in
Pakistan has observed numerous situations ir which highly
productive investmehts have had to be postpdﬁed or cancelled
because of inadequate availability of publics funds. Such
Jbservations would support the view that additional income to
government would indeed have a high'value. On the other hand,
the same observer has seen many more situations in which
govefnment expenditures would seem te have a very low or even
ncgative value. One could of coursc a;gue that the non-monctary
(political, psychelogical, prestige) income Of these latter
expenditures gives them as high a real value as the economi-
cally measurable income of the foregonte praductive 1nvestmcggé.f
We are obviously in no position te nmake any judgement on this
argument , Even if it were valid, it would'still have to be
proven that the 'value'! of the tax receipts to the state is
higher than their social value in what ever use would have

. \
been made of them 1f they had been left with the individual.

TO/ One could also argue that for various institutional
reasons traditional expenditures which may have a lower
social value have first claim to tax receipts and after
they are satisfied expendltures will be made .on the more
valuable development investments this giving marginal tax
receipts a higher veslue than the qveragu.
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For these reasons, we will not attempt to directly determine

the value of income to the state.

Investment Ccsts

Cost breakdowns fbf<éiiwthé'major tubewell components
have becn coliééﬂéd‘ffém various manufactures and importers,
~end arce-summarized in Tables VIII through XI. In collecting
these data we héﬁe}attempted specifically tce 1déntify {or at
least estimate) foreign—eXQhénge costs for imjorted raw
materials, dﬁties and taxes, the proportion of value added
in manufacturing paid out to labour, and other manufacturing
costs, and to eliminete any scarcity premiums resulting
from foreigﬁ;exchange scarcitics. (Such-premiums Have
existed for blind pipe hecause ﬁhe amount which could be
imported under lience has been inadequate to meet the
demand, and for many raw materials which have to be purchased
"oh bonus dfheabh—cum~bonus). Because we have ¢ liminated
these scarcity premiums, the C & F costs we give for raw
‘materials are apt to be ?uite unrepresentative of thelr

cost to the manufacturer,

11/ This is particularly truc for iron and steel imports for
which we have used the C & F cost of thesc commcdities
when purchased on the free-world market, Most of Pakistan's
iron and steel is obtained under tied aid from the United
States at a substantially higher cost than the world-
market prices.
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Teble VIIT

ESTIMyTED BREAKDOWN OF .DRILLING COSTS
( Rupees per well)

Item ' Cujranwala | Multan/
Lirea | Saehiwal
Investment cost for drilling rig 9,000 6,000
imortized cost (assume 15-year life 1,200 1,200
and interest rate of 10%)
innual repair costs (15% of amortized cost) 180 180
Number of wells drilled pcr year 10 6
Fixed cost per well 140 230
Set-up costs (including transport) A 20 40
Other overhead expenses < 20 20
Subtotal . __755 290
Labour : 126 253
Tctal costs 306 _dgzg
Social costs : EER Lo
Foreign exchange (20%) S 13U L5
Other capitael costs (less dubles
& taxes) o 100 170
Other overhead i 20 20
Labour (including set up) » 146 293

Total » , _ 296 . 528
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Table IX

COST BREAKDOWN FOR ENGINES, MOTORS, AND PUMPS

I

v S .. .. 18 H.P. 15 H.P. 6 inch
Item Engine  Motor pump

| 'Raw Materlals"'”

O&F cost | o 1000 360 120
Duties & taxes 800 1230 5 80
Lctual cost to manufacturer 2500 1125 300
Labour' . - 600 120 80
Other manufacturing cots - .. ' 1850 855 270
Selling price _ 4950 2100 650

Social Cost

Imported raw materials 1000 360 120

Indigenous value added to raw 300 100 50
materials inc.

Labour costs - (at market prices) 600 120 80

Estimated foreign-exchange - -
Component of .manufacturing 260 "~ 150 50
costs . o L

Other manufacturing costs 1590 705 220

Distribution costs 300 100 100

Total 4050 1535 670

ol

\

Source: Data given in / 22; 25_7blus personal ccmmunication
frem Siemens Paklstan Englneerlng Cc. 'Ltd. plus
other personal enquiries.
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Table X .
BLIND PIPE COST BREuKDOWN

{Cost in Rupees per footlfé

Diameter of pipe
L inch| 5 inch] 6 inch

Imported pipe

C & F costé/ ‘ 3,27 L. 68 5,73
Duties and taxesg/ 2.38 3. 41 Lo17
Transportation handling etc. .72 .87 1.00
TOTAL

Lgoally manufactured

6. 40 8.96 10.90

¢/

Imported raw materials 2.10 - 2.88
Duties and taxes 2,28 3.16
Labour costs 0L » .05
Other manufacturing costs . 2.86 3.85
Ex-factory price _ vv" 7.28 - 9.94
Transportation & handllng .52 .67
Octrol charges - - .12 _17
TOTAL 7.92 10,78

Social Costs

Imported pipe

C & R cost } 3.27  4.68

Transpnrtation, etc. =12 _-87

TOTAL | 3.99 5.55
Locally Manufactured pipe
Imported raw materials TR0 7 2.88
Labour costs (at market prlce) : . W08 .05
Varlable anufacturlng ccsts - 700 .95
Transporbation, etc. C s N6y
TOTAL 3.36 be55
Note: a) Ref. 224_/

b) This is the difference bptween landed costs and C&F c

given in /24 / plus Octroi charges. _
The 1mported raw meterial costs and the ex-factory p1
are given in / 24 /. The breakdown of other co6ts was
obtained during discussion with Hyesons Indust. Ltd.
Because of substanticl escess capacity in pipe manufac?
turing plants, we have enly taken an estimate of the
variable menufacturing costs for the social costs.
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Table XI

STRAINER COST BREAKDOWN
 (Rupees pergFoot for 6™ Strainer)

. { ‘
Ttem Quantity Market { Manufactur- C & F }| Fercign-
' 271 price er's w33t price | exchange
v _ | LOost
I (Ibs.) (Rs/1lbs) (Rs. ) (Rs/1b.) (Rs)
Raw Materials N _
Iron strips Ly 65 2,60 L ~ +56
Coir string 0.8 2.60 - 2,05 - -
End fittings, stc. - - 70 - .10
’ 5.35 |
: (Rs. per Foot)
Total cost imported raw matericls .00
buties and taxes .50
Manufacturer's cost 5.35
Labeur cost
Manufacturing cage .30
Winding coir string <R32
Other manufacturing costs (3
Selling price - 6,50
jecial Cost °
Imported raw materials .66
Value added to raw material costs in Pak.3.00
Labour cost (at market prices) 52 X
Estimated foreign-exchange components )
of the manufacturing costs .06
Other manufacturing costs 57
Distribution costs .05
TOTAL : .86
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The. difference béﬁweens@lﬁng.price and the manufacturerf
raw material cost is assumed to be the ﬁdnufacturing cost
{including:the cost of labour). Thus, we have made no attempt
%ojadjust fof'anx,eXCst profits Which migﬁt exist in manufac-
turing. We.have alsb‘trihd';o estimate the fOFeigh;éxChange
component (representing imported capital equipment) of the
manufacturing costs. This has becn assumed equal to 15 per cen
of the cost of builﬁings, 80 per cent eof the cost of imported
machinery, and 20 per cent of the cost of indigenously manu-

12/

Jactured machinery.

We have also attempted to distinguish between Variable:
manufacturing costs.and fixed manufacturing costs. Variable «
manufacturing costs include the cost of raw materiais,'fuel
and power, profit,lggg; Fixed manufacturing costs, of course,
represent fixed overhead expenses. We have tried to meke the
distinction in such a way as to provide answers to twe
different econumic questions. The first is what is the average
cost of the Drivate'tubGWeli developmént? Inlcémputing this
it is appropriate té include all fixed.qostsL,The:second is.
what will be the cost of a continuedspfivéie ﬁubeweil deVel&p—

ment. In answering éhis question some of the already sunk costs.

12/ These data presented are not supposed Lo be representative
of any one particular firm manufacturing the compcnent in
questien. Where we have had to rely heavily on the infor-
mation given us by one firm, as is the case with motors
and blind pipe, we have adjusted the data t¢ make the
information mere representative of the industry as a whole
For this purpose we have.made-use of eur cwn -sbservations
as well as data contained -in the CMI's (Census of Manufac~-
turing Industries), surveys of small-scale industries, and
the input-output calculations by Khan & MacEwan/76;23;:25 /.-
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should probably be ignored. How much of thesc cests should

be ignored will depend, among other things, upon the valuec
of the equipment in alternative uses (on producing the same

component for alternative functicns), and its salvage value.

-A and B
In Table XII/we have summarized our findings and

éomputatlons to show for each component of the investment the
Varlable,,flxed and labour costs associated with its pro-
ductlone. The variable and fixed costs have also been le}ﬁegnd o
intao JOCP1 and forelgn-exchange costsn The rcsults of Tnble XIw
hgve then beon used to estimate the social cost of prlvate—
thbewel; investments evaluating foreign exchange at 1.5 to

3.0 times #he official exchange rate, and labour at onc-half

its.market price.

In our éomputations showing the cost cf private tubewells

to the farmer, the cost cof electricity has been taken as a

variaﬁle’nperating cost since this'is how the farmer pays for

it.;waeﬁer, when considering costs to the socicty, theltotal
cdst of nroviding elcectricity is bompfised of Substantial
capltal 1nvostments in facilities for generator, transmlss1on

2 and dlstrlbutlon, which must be amortized over their economic

11fe,tand recurring costs for fuel; Operatlon, malntenanCc,

B QEQL In afsystem which has a large component of hydro-el ectric
ﬁpower, such as is the case in Wbst Pakistan, the capltal
Jlnvestment costs will be relatively high, and the rocurrlng
1costs w1ll be relatlvely low. i |

“h
} "
' !
.



Table X11-B

Breakdown of Tubewell Investment Costs

- — a T Tialtan/Sahiwal

‘ S i Veriable Costs I [ _TFixed Costs I Total Costs
Breaidown o b I g R

i Drilling ; f 2L 6 . 293 166 39 483 L5
Pit~digging : 0 C 340 0 0 | 340 0
Blind pipe f o 152 R78 s 107 160 264 438
Strainen - 356 68 5 10 6 120 7L
Masonryfwdrk ?; - 1031 0 15 © 0 1146 0
¥ Pump . ;? o 230 133 90 180 56 500 189
Miscellaneous ;__”: 356 97 178 91 53 . 625 750
 subtotal . 2149 582 1075 5514, 314 3778 8%
Electric motor - 552 53, 177 785 222 151L 756
Diesel engine 1250 1250 750 1490 326 3490 1516
rovalt CQStSiEiggﬁgiiét 2701 1116 1252 1339 536 5292 1652
Cbowells 3399 1832 1825 204, 640 7268 2472

Table XIT-_A

Breakdown of Tubewell Investment Costs

T '<.- Gujranwala/Sialkot/Gujrat
B reakdown | 3_1arlaﬁ%e Uospﬁgiabour % Fixed %68ts Totgl ?osts
—— L J ;ocalﬂ F. B, § { local | F. E. { Ind. |} F. E.
Drilling - 14 | L 146 186 26 266 30
Pit-diesing s 0o o 0 o 70 0
' Blind pipef | 90 163 3 63 94 156 257
. Strainer 260 L9 39 7 i3 4' 306 53
S Masonry work 607 0 68 0 0 675 0
f@%{f Pump 190 110 74 150 6 1
S ' b bk 156
: ;HMiscellanedus- 33§ 75 . 90 75 L0 Lh3 115
. sbtowal . 1439 40T 490 407 210 2330 817
fE}éctric motor » 160 L5 148‘ 655 185 1263 630
'E%égel engine | 1150 1150 690 ’1370 300 32TO 1450
Total costs: glectric 1899 &6 638 1056 395 3593 1240
diesel s

tubewells 2589 1551 1180 1771 510 5540 t206?
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XIIT

ALTERNATIVE VALUATION OF SOCIAL INSTALLATION COST FOR

PRIVATE TUBEWELLS

Alternative Valuation

f

’ Gu jranwala Area

Multan/Sahiwal

g Dicsel | Electric

Diesel

Electric 4

Casel - Foreign-exchanse vealued at 1.5 times official rate

Variable costs
Fixed costs
Subtotal
- Labour:*

Tetal

K916 3168
2536 . 1649
71452 4817
590 319
5136

8042

6147
300k
9151

913

10064

4375
2143
6518
626
714y

Case I1-Foreign exchange valued at 2.0 times official rate

Vafiabie CcOsSs
' Fixed costs
Subtotal
, Lééourﬁ

Total

Love

5691 & 3501
2791 1846
8482 5437
590 319
5756

9072

-
AN

7063
3324
10387
913

11300

4933
2411
73k
626
7970

Case IIT-Foreign exchange valued at 3.0 times ofiicial rate

Variable costs
Fixed costs

Subtoutal
5

Qabour

 Totol

7242 L437
3301 2241
10543 6678
590 319
11133 6997

8895
3964
12859
913
13772

6049
2047
8996

626

0622

%
Nates : Labour valued at 0.5 times its market price,

i
i
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The Irrigation and Agriculture Consultants Association
(IACA) have given the fbliéwing estimates of the capital costs

for the electrification of private tubewells:

Table XIV

I4CA ESTIMATES OF CAPITAL COSTS OF PRIVATE TUBEWELL
. ELECTRIFICATION

Tetal Fereign Exchange
-RS- | =Rs=-
Generatien ' ' | 6,200 Iy, 960
Transmission ' o 1,800 1,100
Distribution 11,300 6,890
Total 19,300 12,950

Source: [/ 16, p.54 /.

These are apparéntly suppesed to be Some sort of
average ccst for tubewells throughout the Punjab. The cost of
generation'capacity will depend upon the demand of the tubewell
during the time of the peak:load.on the entire eiectrical
system. Since tubewells in Multan/Sahiwal are deeper and
larger than tubewells in the Gujfanwala area, we would expect
of 62 electric tubewells in the GujranWala area énd L5
electric tubewells in 'the Séhiwai/Multan area were averéged;

giving an average tubewell demand of 7.9 kw in the former
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and 10.3 kw in the latter area. Not all the tubewells would

be operating simultaneously ,t the time of peak system load.

Therefore, some diversity factor has to be applied before
computing their requirement for genération capacity. The Bénk
Group recommends a diversity factor of .837 for both private
and public tubewell pﬁﬁping loads [ 28, p.22_/. Lpplying
thié-féctof-resultS'ih an estimated diversified demand of
6.6 kw and 8.6 kw in the Gujranwala and Multan/Sahiwal areas .
'respectiV%ly. This is the demand at the tubewellr_The demand
at the generating statioﬁ.iﬁéiUdes transmission and distri-
bution'losses. These have been assumed to vary, from 19 per
cent up to 100 per cent of energy sales for private tubewellé
/ 28, pp. 22, 39 7. It is reasonable to expect them to be
somewhat higher than-the average losses in the system. These
are presently about 20 per cent, and are expected to decrease

~ to 17.5 per cent by 1975 and 15.7 per cent in 1985 /727, p.4k /,

Therefore, a figure of 25 per cent losses for private tubewells:

would scem to be reasogable. This increases the average tubev\aé_];,__i
peak lqad Ademand to 8.25 kw and 10.75 kw at the generating

station. The cost per kilowatt of generation capacity is

stated by the World Bank Groun to be 509 rupees {excluding
duties and taxes) of which about 98 per cent is in foreign
exchange /27, p. 39_7. This brings the generation cost to

b, 200 rupees for the Gujranwala area and 5,470 rupees for

the Multan/Sahiwal area. Similarly, the Bank Group estimates

the distribution costs per tubewell to be aboub 8,500 rupees

excluding duties and taxes of which 3,400 rupees are in foreign:
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exchange /27, p.36_/. The Bank Gréup makes no.estimate of
transmissiohlcosts per pubewell, so we will yse the estimate
gi#en in Table XV after deducting 25 per cent for duties and
taxes. This gives a total capital cost for electrification

pér tubewell as :

"Table XV
REVISED ESTIMATES OF CAPITAL COSTS FOR PRIVATE TUBEWELL
ELECTRIFICATION
(in rupees)
, Gujranwala, etc. Multan/Sahiwal
Item I Foreign Foreign
_ Total exchange Total exchange

Generation 4,200 3,570 5,470 4,650
Transmission 1,350 1,100 1,350 1,100
Distribution 8,500 3,400 8,500 3, 400

Total 14,050 8,070 15,320 9,150

Note: Generation capacity has an assumed economic life of 20
years, and distribution and-transmission_facilities an
assumed life of 30 years / 27, pp.38-39_7.

"Power or Fuel Costs i

The majbr portion of the cost of electricity covers the
amortization of capital expenditures - for generation, trans-
mission and distribution - which we have already included in
the investment cost for electrified tubewells. The remaindé;
covers such items as fuel f(v the generators (for thermal gas

turbine or diesel generators) and operation and maintenance
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ofﬁphe_eptipemglectricaligystem. Theg Bank Growp estimates
-these pecy;riﬁg‘costs tpjbé approximately 0.045 rupee per
kwh /28, p.39_7, Although it is not clear from their report
this presumably is 0.045 rupee per kwh generated. Thus; the
cost per kwh consumed would have to be. somewhat higher than
this to take account of losses in the system. Using our
previous estimate of 25;per;éent losses brings the economic
cost per kilowatt hour to 0.056"rupee: We will arbitrarily
assume that about 10 per cent of these costs will represent
forelgn exchange exnendltures for maintenance bqulpment and

replacemcnts.

Most of the prlvate diesel tubewells are slow-speed
_‘affalrs which use a light diesel oil (IDO). The price of

this oil from the dealers is fixed throughout West Pakistan

at- 1.67 rupees per gallon including all central and provincial

taxes as well as transportation costs from Karachl to Rawal~-
‘ p1nd1 and octroi charges of about 0 03 rupee por gallon?_/
Assumlng the costs of transportatlon from the dealerto the
farm about O. 03 rupee per gallon we have a total cost to

the farmer of about 1.70 rupec per gallon.

13/ The authors are indebted to Mr. W.C.F. Bussink of the West

Pakistan Planning and Development Department..for supplying

these data on the cost of diescl fuel. These figures are
.. essentially as supplied by him after verification by the
“authors with several petroleum firms and adjusting them

to a dealer base rather than_an agent base. The IBRD also

reports similar figures in L 29, p. 37_7
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Out of this price aphroximately 0.67 rupee represcnts
taxes. The difference béfﬁoéﬁ £he astual transportation cost
(0,25 rupee)._is 0.06rupee pervgalionffThus, the cost of the
diesel fuel less taxes and excess’tfdnsportation charges 1is
556ﬁ£“02é7 fupeérpefwédiigﬂlufﬁgmdbgéétic vaiue added for
transportation and handling is about 0.50 rupeér(Ré,O;3ﬁ T
Rs. 0.19) and for refining cost is an estimated 0,12 rupgg{

This leaves an import comsonent of 0,35 rupee per gallon,

These are the figures used in our calculations.

Maintenance and Repair Costs

For maintenance and repairs we have not becen able to
obtain a detailed cost breakdown. However, labaur chafges
are apt to form a higher.proportion of these costs than they
do of the investment costs. For redrilling, we will assume

the same breakdown as for the original drilling and strainer
charges.‘For lubrication we will assume that the cost break-
down is the same as that-given for iight diesel oil above.
For motor, engine, pump, and miscellaneous féﬁéifs; we:will
assume that labour costs form-twice the prgﬁortion of total
costs thét they do in the original investment, and that
foreign exchange requirements form the same proportion. The

figures we have assumed are shown in Table XVI.

14/ Light diesel oil is, of course, a joint production of
the refining and so there is no precise method of com-
puting its refining cost. However, Rs.0.12 was considered
" to bé reasonable by representatives of one of the local
petroleum companies,



BREAKDOWN OF REPAIR COSTS

L8

Table XVI

4

yariable Go5TE Fixed Costs Labour
Total | Forelgn {Total . Foreilgn
costs exchange jcost exchange
Redrilling
Gujranwala Area
Per repair ' 251 63 104 36 “th
Per annum 61 15 | 25 S " 107
Multan/Sahiwal | ',
Per rapir 334 | 69 154 L2 648
Per annum 81 17 38 | 10 158
Pump Repairs | _ .-
| Per repalr 38 34 31 Tk 58
Per annum 10’ 9 8 L 15
‘Engine Repairs
Per repair 554 76 66 20 90
Per annum .23 32 28 8 38
Motor Repairs
Per-reéaif 69 76 ' 97 32 51
Pef aﬁnum 21, 26 33 11 17
Miscellaneous Repairs
Per repair 72 26 19 14 | . 62
Per annum 17: 6 | I 14

P
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Amortization of Investment

We have again madé alternative assumptions about the
economic life of the'Various‘compOhents. The first.is that
a1l components have a fifteen year 1ife (TaBle XVII-4). The
second'is‘tha£ engines, motors, pumps; and miscellaneous
parts have a ten year life whereas the rest of the investment
has a fifteen year life (Table XVII-B). In each case we have
amertized'private investment at 8 per cent and public invest-
ment at 12 per cent. The reason for the differential discount
rate is as follows: Public funds, once they are allocated to
development expenditure, probably have a fairly high rate of
return (even if that for the average public expenditure is low).
Twelve per cent would seem to be a reasonable estimate of the
value of pnublic development expenditures. Some of the savings
used by the farmers for their private investment, however,
have, have most probably been induced by the apportunity to
invest in the tubewell., If this investment opportunity had not
‘existed, these savings would not have been made and the money
Nsed for present consumption tO‘which'soéiety gives a low
value. The adjustment which should be made to take account of
the aggregate opportunity cost of the private investment funds
devends upon the relative importance of the different sources
of finance for priVate:tubewelle. A crude analysis of data
collected on this subject by the PIDE has indicated that if
the opportgnity cost of public developmeﬁt‘funds is 12 per
;cent, then the average opportunity eost of the funds invested

in private tubewells would be somewhat under 8 per cent.
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Summary of Social Costs’

Summaries of the‘estimated cost of privaté tubewells to

society are presented in Tebles XVII-A, XVII-B, XVIII-A and

,_XVIII3B. In both sets of tables, the fL~-table presents the
computations assuming that the life of all tubewell components
is fifteen years, and the B-table presents the computations
>assuming that some_of_the components have only a ten-year lifeg
Thebfirst set of tables swmmarises all of the computations ”
presented in this section without using any shadow prices,
but maintaining the distinction between those investment costs

representing variable manufacturing expenses, and those re-

presenting sunk.or fixed menufacturing expenses. This same

distinction is used for repair costs. All electrification costé
have been included as variable investment costs since these
represent the average expenditure that will be required for
.every additional tubewell. Even if the tubewell population wer
to remain constant, most of the electrification costs would .
better be included as variable rather than sunk costs because
they represent capital (such as generation capacity) whieh

obviously has a high apnortunity cost.

The second set of tables preseﬁts'alternativé valuations
‘of the social cost of private tﬁbewells with foreign exchange
period at half its market wage ratec. In béth}sets ofvtables
computations ha#e been given both bn é’énnual basis aﬁd on
a per acrefoot basis. The runﬁing costslhave‘been computed on

~the assumption that the tubewells will operate on an average ofﬁ



. Table N<HH1>M\1

Summary of Socilal Costs of Private Tubewells
( Official Prices)

A ) T Cuiranwala Area

M uHmmquHmvmsmpgm onpmodeo eccmsDHHm
a
Q

Rupee | F.E. {§ Iebour ! Rupee | F.E. {Labour
costs | costs 1| costs w costs | costs | costs

j m | L

——

mmbzwwm_oomdm"

o@m%deOSI\ ;wu 930 ;mm.mwo :ﬂw.boo .;i!qooo - 110 . 160
Maintenance 200 110 - 20 10 -

. Repairs _ . 110 _60 170 10 60 150

=  Subtotal _ 1240 700 - 570 1130 180 - 310

Variable Investment Costs: Mt; o e i s e

' Tubewell 300 180 140 220 100 70

‘Electrification - . - 750 1040 -

Subtotal 300 180 1L0 970 1140 70

- ~Total Annual Variable Costs 1540 880 710 2100 1320 mec
Sunk Investment Costs” ~ 210 60 - 120 50 w,.,;-

Maintenance & Repairs :@mprlmb ..... “Mrmbwgf_&llhl 70 wo:zz.ylwk

Total Anmal Costs  _ ~ 18z0. . | mm@a qwoe- - 380

oomd Per »owm Foot

Running costs
Total variable costs 3L 1

3
; : ﬂ R A
Variable plus fixed costs 8. ﬂ L6 10.9
0_ha
&

\n
bmo
O\
O+

0.9
6.3 1.8
6.7

Nctes: a w A1l tubewell ooBWOSmbam assumed t life of fifteen years.

have a
eratjon. costs based on .assume 00 W,z s 0 eratin me: s year Sbwnw
,,,,,,,,,,, W;,mﬁthﬂPmﬁd to wdﬁﬂovwafmmW< mh aC  @ eet M iw ﬁm@ % S

rer pi
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Table ZVII-B~(1)

SUIMARY. OF SOCT AL GGSTS_QF PRIVAT. TUZZWELLS |
(0Official Prices) ' .

S , Gujranwala Area. . o -
Diesel Tubewells Electric Tubewells
! Rupee _F.E. | Labour Rupee F.E. | Labour
! costs 8 costs | costs costs costs | costs
Running Costs . L :
operation?/ 930 530 4,00 1000 110 160
Maintenance 200 118 - 20 10 -
Repair | 110 _60 170 10 60 150
Subtotal 1240 700 570 1130 180 310
Variable Investment (osts
Tubewell 350 220 170 250 120... 80 .
Electrification - - - 750 1040 -

DN Subtotal S 350 220 170 1000 1160 80
Total Annual Variable Costs 1590 920 740 2130 13,0 390
Sunk Investment Josts 260 70 - 150 50 -

Maintenance & Repair 70 20 - 70 30 -
Total Annual Costs 1920 1010 740 v 2350 1420 : 390
Cost Per Acrefoot - '
Running coste - 5.9 3.3 ' 5.4 0.9
Total variacle costs 7.6 Lo 3.5 10.1 6.l 1.9
Variable plus fixed costs 9.1 k.8 11.2 6.8
neous items essumed to have za life of ten years.

Notes: 2) Engines, motors, pumps, and miscella _
411 other comgonents assumed to have 2 life of fifteen years. - .. v e
b) Operztion cosus tased on assumed 2000 hours of operating time 2 yearswhich is =

equivalent to apyroximately 210 acrefeet of water pumped.

 &Cont'd..P.Next)

Summary éfﬂSocial Costs of Private-Tubewelis

(Official Prices)

- _ Multan/Sahi ’
B - _ L Sahiwal Areg
g = DI@S@IFTUUGWQIIS R ¥ Electric Tub ewells
| T T LI | e [Raee [ TRl Tewow
_ i cost | costs | costs | costs i costs
Rinning Costs: '
. b/ .
Operation= - : : :
pv on 1240,.§_ 700 - LOO -~ 1300 1,0 0
Maintenance 270 150 ‘ ' b
! ' o . :"73"*?%“ o IRV - 20 1 O .
-~ _. Repairs c - | )
T gmea e
| 1840 910 630
| . o . , 1450 1
vVaylable Investment Costs: -~ - - - R - 2 Q“f 240
Tubewell
400 210 210
. : 20 -
;:bElectrification . _ ’ 1307 150
Subtotal - Tpmm—— — 1180 =
" Total R 21y 210 1090 1310 150
~ +otal Annual Variable Costs .. 2040 1120 1% 2540 1550
Sunk Investment Costs 240 ?05’; T 254Q 1520 -390
. o C o 160 :
Maintenance & Repairs - ... vigcﬂ ~:ﬂ3.2ov e P 60 - -
| e fars o | v v R T R
Total Annual Cost L - T —
Cost Per Acre Foog 2360 1210 840 2780 16
%Ota} variable costs . 9.7 B | 6.9 1.0
arizble plus fixed costs . 4.2 2.% 4.0 12.9 7.2 1.9
(Footnote same Table XVIT-1%) : . 1302 g% .
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SUMMLRY OF SOCIAL COSTS OF PRIVATE TUREWLELLS
(Official Prices)

?dems\mmwwsmw Area
memmw Tubewells . Tlectric eﬁam:mwwm
: Rupee | F.E. Labour Rupee, { F.E. Labour |
S : costs | costs | costs costs costs costs
wswwMBm Costs . )
oomwmdpoﬁl\ 1280 700 L00 1300 140 LO
Mainrenance 270 150 - 20 10 -
Repair . 130 60 230 130 60 200
Subtotal : 1640 910 630 1450 210 250
Variable Investmert Costs
Tubewell 460 260 250 350 150, 160
"Electrificaticn - - - 770 1180 -
Subtotal L60 260 250 1120 1330 160
Total ﬁﬁbﬁmw Variablie Coste 2100 1170 880 2570 1540 L00
Sunk Investment “osts .- 300 90 - 190 70 -
Maintenance & Rep-ir 80 20 - 80 30 -
aode Annual Costs 24,80 1280 880 2840 1640 400
Cost. Per Acrefoot
‘Rurming costs , 7.8 b3 . 6.9. 1.0 .
Total <mwwmdwm nondq . 10.0 5. m L2 , 12.2° 7.3 1.9
Variable Plus iixed costs C. 11,8 641 e 13,56 w 8

HOdmm. a) Engines, wnotors, pumls, and Bpmomwwmbmocm ITems assumed O have & 1ife of

: ten years.~All sther components assumed to have 3 life of fifteea years.
ve eration costs besed on assumed 2000 hours ¢f operating time a year which
is equivelent e cpproximately 210 acrefeet of water pumped.
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Table XVITT-A

ALTERNATIVE GALUATIONS FOR—?OCIAL COST
OF PRIVATK TUBEWELLS2

Cujranwala Area| Multan/3ahiwal
Diesel | Electric |Diesel | Electric

1-

<~yCase-If;Foreignrexchange”valué at 1.5 times the @fiicial rate

' Annual Costs

Running costs 2290 1400 3000 1760

" Total variable costs 2860 4080 3720 4820
Variable plus fixed 3260 4390 4170! 5200
cost !
Variable plus fixed 3610 4,580 4590 - 5390

plus labour

(‘est per acre foot

Running costs 10.9 6.7 Th.3 8.4
Total variable costs 13.6 19.4 17.7 23.0
Variable »lus fixed 15.5 0.9 19.9 2108
costs -

Variable »lus fixed 17.2 21,8 215 5.9

plus labour costs

Case II. Foreign exchange value at 2.0 times the official rate

Annual Costs

----- : Running costs - R6L0 0 1L90 0 T T3RL60 o 1870
Total variable costs 3300 CRTLO L ;AQSO‘- - 5580
Variable plus fixed 3740 5090 L780 6000
costs
Variable plus fixed 4100 5280 5200 6200

plus labour costs

Cost per acrefoot

Running costs 12.5 7.1 16.5 8.9
Tetal variable costs 15,7 22, 20. 4 26.6
Variable plus fixed 17.8 24,2 22.8 28.8
cost

Variable plus fixed 19.5 2541 24.8 32,4

plus labeur costs

{Cont'd on next page)
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Table XVIII-A Contd:

i feGuiranwala Area

Multan/Sahiwal

————

Dieséli;ELectric -

{ Diesel _

Tlectric

 Cgse III. Foreign exchange value at 3.0 times the ofiicial nrg

Case III Foréign exchange value at 3.0 times the official rat

Annual Costs

Running costs

3340

Total variable costs 4180
Variable plus fixed 4700

costs

Variable plus fixed 5050

plus labour cost

Cost per acrefoot

Running costs

1
Total variable costs 2
Variable »nlus fixed 2

costs

Variable plus fixed 2

plus tabour cost

1670
6060
6490

7190

8.0

28.9

30.9
3&*.2

- 4370
5400
. 5996

6410

E\"

20,8
257
28.5

30.5

2080
7100
7610

7800

¢.9
33.8
36.2

37.1

Notes: é/all assumptions same as in Table XVII-A.
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Table XVIII-B

ALTERNATIVE VALUATION FOR SOCTAL COST
. OF PRIVATZ TUBEWELLSZ

Gujranwala Area Multan/Sahiwal

ot

Diesel | Electric _Diesel Electric

Cgse I. Fwreign exchange value at 1.5 times the officiagl rate

Annual Costs - e
Running cost

Running cost 2290 1400 3000 1760
Tetal variable cost 2970 L1 L0 3850 14,880
Variable plus fixed 3430 14,80 L4L00 5300
cost

Variable plus fixed 3800 L6670 L8LO 5500

plus labour cost

Cest per acrefoot

‘Running cost 10.9 6.7 14,0 8,4
.Total variable cost 14.1 19.7 18,3 23.2
Variable plus fixed 16.3 21.3 21.0 25,2
cost

Variable plus fixed 18.1 22,2 . 23.0 - 26.2

plus labour cost

Case II. Fareign exchange value at 2.0 times the officiagl rate

Annual Costs

Running cost 26,0 1490 3460 1870
Tatal variable cost 3430 4810 LA L0 5650
Variable plus fixed 3940 5190 5040 6120
cost

Variable plus fixed 4310 5380 51,80 6320

plus labour cost

Cest per acrefoot

Running costs 12.6 741 16,5 8.9
Total variable cost 16.3 22.9 21,1 26.9
ariable plus fixed 18.8 24,7 2L.0  29.1

‘cost

Variable plus fixed 20.5 25.6 26,1 30.1

plus labour cost

(Cont'd on next page)
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Table XVIIT-85 Cont:

Gujranwala Ared Multan/Sahiwal

Diesel | Electric| Diesel | Flectric

Annual Costs
Running cost 3340 w670 437@ 2080
Total variable cost4350 6150 5610 7190
Variable plus fixed4950 6610 6320 . 7760
cost ‘
Variable plus fixed5320 6800 6760 7960

plux labour cost

Cost per acrefoot

Running cost 15.9. 8.0 20.8 s 9.9
Total variable cost?0.7 29.3 26.7 34,2
Variable cost plus 23.6 31.5 30.1 37.0
fixed cost . : o S

Variable plus fixedR25.3 32.4 32.2 38.0

plus labour cost

Notes: b} All assumptions same as in Table AVII-B.
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of 2000 hours & year which isiequivalent to about 210 acrefest

of water pumped.

V. CONCLUSIONS

In this paper we have investigated private and social costs
of the private. tubewells which hzve been such a significant
aspect of West Pakistan's agricultural development. The data
we have used in this analysis have comé from sevéral different
studies, undertaken at different times and including tubewells
installed over a ten to fifteen yeéar pericd. In results_preu
sented in this paper we have grouped all the observations
together regardless of when thoy'were made or when the tube=
well was iﬁstailed. In doing so, we were ignoring any ﬁrend in
costs which might be takiﬁg piaqe over time. A sharp upward
trend in costs might vitdate any anplication of our conclusions
.to policy decisions or what fﬁture pri;ate ﬁubewell development
would be desirable. Preliminary investigations indicated that
such a trend might be occurring although-in;a statistical test,
the year of installation provided very little expelanation of
the“vériations in tubewell costs. On'further investigation it
was found thaf changes in the cost of blind pipe seemed to be
responsible for most of these variations in éverage_costs. When
this possibility was invéstigated by obtainiﬁg price quotations
for various years from dealers and-manufaéturéfs, the suspected
importance. of the price 'of blind pipe was confirmed, and it was
found that the price of the other component had remained con-

stant (except when therc were certain improvements in quality)



60
or decreased over time. The price of diesel engines, for
instance, has shown a definite downward trend since f960.
To some extent this may reflect real reductions in costs,
although reduced profitS"resultingjfrom increased - perhaps
excesslve - competition would also seem to be an important
cause. In any case, there is no indication of their being
any trend towards higher prices which might affect our

conclusions.

The most important conclusion to be drawn from our
results is thdt Ehefe iéfa'subsﬁantial leergénce between
the social and private costs of the two types of private
tubewells, and that this divérgence can be considered pefverse"
in that it'offefs the investor substantial sévihgs if he
invests in the m&re'expensive tyﬁe of tubéwéll. Taking the
Mul tan/Sahiwal érea'as an examplé..The total cost for the
farmer per acrefootvof water pumped (using é discount rate of
15 per cent) ié 18;2 rupées. Tﬁe'toéal‘cost ﬁo society; aven
without using aﬁy shadow price for foreighvexchaﬁge,lis
20.9 rupees (exciuding labour). If é reaéohaﬁle price were
placed on foreign exchange, the social cost would be from
24.8 upto 36.2 rupees. Assuming the real value of'foreign
‘exchange is twice the.official exchange rate, then waterA
pumped from an‘eleétric tubeweil in ﬁhe Multén/SéhiWal area

costs the farmer 63 ber cent of what it costs the society.

. For the diesel tubewell, however, the situation is

- Just the reverse, The farmer's variable cost per acrefoot is
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2L.3 rupees and his full costs are 36.4 rupeéé; The full cost
of the water to society evaluating foreign exchangé at twice
the official rate, is only 22.8 rupeeé less than the farmer's
variable cost and about 63 per cent of his total costs. The
- government, particularly through the impesition of various
taxes and subsidies, has createa a pricing sﬁruCture'whereby
the type of tubewell which is éctually 25 per.ceht more
expensive to it, appears to the farmer to be 50 per cent
cheaper. This situation scems to be even more unreasonable
when bne.cdnsiders the fact that over the past few years therc
have been a shortage in the supply of electricity in the
Northefn zone, s0 that the social cost of using electricity
to pump - water has probably been even higher than is ipdicated
by considering only its foreign-exchange requirements. It
would appear as if the government might consider methods of
adjusting the relative prices of inputs into the diesel and
¢lectric tubewells so that the cost to the farmer mofe accura-

tely reflected the cost tc society.

A second question worth investigation is whether there
are any way in which the costs of both diesel and electric
tubewells can be reduced. This study has indicated at least
two ways. The first would be ‘to use engines and motors which-

are not so oversized as these presently in use. Although it
would not appearito be a particularly rational pricing policy,
diesel engines are priced (both in Pakistan and in England) at

so much per horse power. Assuming'that the rated horse powers
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are accurate, engines costing half as much as thase now
being installed would secem to be perfectly adequate. The same
would be trué of motors except that the savings would not be
quite as great (from onelarge manufacturer, a ten-horse-power
motor costs about 60 per cent as much as a 20-horse-power

motor) and it would probably not be economical to make this

change until voltage levels in rural distribution lines can be -

maintained at thelr proper level.

finother straight forward saving would be to protect
the iron strips from which the coir string strainers arc made

from rusting. An easily applied inexpensive bitumen coating

should do the job quite adequately / 4, p.17_/. Since the coirﬁf

‘string doesrn't rot or crack, this simple addition would most

likely extend the tubewell's life substantially.

A»third saving which is not so obvious, but could be
quite important, involves the possibility of shutting off
private electric tubewells during the periods of peak system
load. This is known as load shedding. In Table XV, we esti-
mated the cost of providing generation capacity for private
tubewells to be about 5,500 rupees in Multan/Sahiwal and
4,200 rupees in Gujranwala/Sialkot/Cujrat. Eighty-five
per cent of this cost is in forelgn exchange. If some mecha-
nism could be devised for shedding private tubewells during
times of peak system load, this investmnt could be saved.
The peak system load normally occurs during & certain time

of day during a specific part of the yeaf. In the Northern
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grid zone, the crucial period of the yéar is as much a function
of the generating capacity as it is of the lcad on the-system%i/
Because thert is a large component of hydroelectric power in
the generating system, generation capacity will be at a minimum
in the late Sﬁring'or'Early-Summer when the reservoirs are
drawn down to their lowest level, If private tubewells could

be shut off for two to four hours a day during the month of

two of lowest generating capacity there would be no need to
invest in extra generation capacity to supply them with
electricity., At times other than these few hours a day during
this period, generation cavacity is surplus and therefore has

no economic cost. ‘ R
t

Of course for the past couple'éf years at least, private
tubewells'haté beén’shéd from‘the.system - often for much
longer than a couﬁle of hours - by the simple expedient of
cutting‘off whole rurcl distribution lines. In the longer run,
however, this may be thought to be uﬁdesirablé, for_it'requires
shutting off all the other fesidential,wcommerciéi éﬁd indus-

trial loads on the feeder as well.
i A ’ i ) .

- Private tubewells could, off course, be fitted with
devices'which would automatically shut them off individually
during peak hours, allowing the other loads to continue un-
interrupted. Since the »rivate tubewell has substantial excess

capaclty, there would be no need to worry about this reducing

15/ The authors wish to thenk Mr.W.C.F. Bussink for bringing
this point to their attention.
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the amount of water pumped. Such devices might take one of
severai forms. They could be simple timers which would shut
off the nower for these four hours. Due to the present unre-
liability of the power supply, however, such timers would
rapidly swing out of adjustment - leaving the tubewell on
during the peak hours and shutting it off at non-peak hours
unless some special precaution were taken, The timers could
be readjusted once a month by the meter reader or by some
automatic means such as a photoelectric cell or singals sent
over the power wires. The latter method is proposed by the
Bank's power consultants as a feasible and economic means Cf
shedding »ublic tubewells / 28, p.25_/. There 1s no reason
why it couldn't be used for private tubewells as well. The
cost of any of these regulators wouldmcst certainly be less
than the 4,200 to 5,500 rupees estimated as the cost of
providing generation capacity for a private tubewcll. If
such a device for instance, cost 500 rupees per well, the
savings resulting frem its use would amount to 500 to 670
rupecs per year, most of which would be in forelgn-exchange
costs of the private electric tubewell, and about one~seventh
of the total annual cost. Such a saving would reduce the cost
per acrefoot of water three to six rupees (depending upon the

shadow price used for forecign exchange).

A final conclusion that can be reached from this study
is that given the nature of the industries supnlying parts

for private tubewells, it really isn't very important if sunk
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costs are included or excluded from total costs. There is
only about a 10-per;cent difference between total variable
plus sunk costs. This is probably less than the margln of
_error in:our computatlons. Nevertheless, 1t is clear that
in maklng decisions about future policy in gruundwater
expolitation, society . should carefully conslder the size and
compositidn Qf ﬁhé>inaﬁ§tfy:Which has been built up in
sun jcrt of private tubewells. If private tubewells were to
be suddenldy superseded by public tubewells, for instance,
thé effects would not<be‘li£ited to the férmer alcne. This
Droblem, of course, can be teken into account in any reason-
cble ecunomlc anuly31s.‘It should only he ke>t 'in mind that
the de0131on about how to prcceed from here may differ from
the conclusion about how cne should have started in the

beginning.
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APPENDIX A

. TREQUENCY OF REPAIRS

| AThéﬁéégémdﬁ'£ﬁé freqﬁeﬂcy of the varicus types of

private tubewell repairs are fragmentary'and:difficultlto

_interpret, We have had to devise a method of analysis which

'%'Wguid Péfmit‘the-gﬁotedltd;Be;méde of the specific data
available.tThe meﬁhod is béséd on the frequendy of repair
“table presented in the apnendix. In these tables the vertical
axis shows the number of years between the time of installa-
tion of the tubewcll and the time the survey was made, The
column on the far right, then, shows the total number of
tubewells in each age group. The horizontal axis indicates
three things: the number of years between installation and
the first repair, the number of years between any repair and
a subsequent repair, and the number of year since the last
repair. The number of observations on the time to repairs
and the time between repairs are combined and enterred above
the herizontal line in each cell. The number of observations
giving the time sincce the last repair arc enterred between the
horigontal line. As an example, Table A-I indicates that thecre
were thirtecn tubewells that were six ycars old. None of these
tubewells required redrilling in the same year, a new bore had
been made, but one required it after onc year, five after two
years, two after three years, one after four years, and one
after six years. Eight of the tubewells had never required
redrilling. For the cther five, threc had required their

most recent redrilling the year the sw vey was made, one had
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last required it one year previously, and the other one two

years previously, Thus five tubewells had required a total

6f“£éhm£éafilling aﬁd.éight had required none.

The total of each column is given at the bottom. The
average of the tubewell is computed from the age distribution

of all tubewells (far right column) by the followinngormula:

Tk
3 tn
t, = v

T =

N
there T = average age of tubewells in sample
T*= age of oldest tubewell -
t = age of tubewell-medéured in years -

n,= number of tubewell of age t
T . . -

N = e ng total number of observatiéns

t=o0 S - R
The average time to repairs was computed in the same ﬁanne?
from the time distribution of all repairs (the number:above
the horizontal line iﬂ the las£ rbw); and ﬁhe average;time
since repairs from-the time-distribution of the sum’of these
observations (the numbers below the horizontal line iﬁ the
‘bottom row). Thé'a;erggewfrééuéncg-of réﬁaifs was wheﬁ
‘cumputed by thewmeﬁhod{expléined in the text of this-péper.



72

APPENDIX TABLE A-1 FREQUENCY OF REDRILLING

Number of Years to and since Redrilling

‘ - Total
O 1 2 3 & 5 6 7 8 9 10 11 12  130bservations
0]_0 : 21
21
110 0 31
0 37
212 2 2
2 2739 L3
3] 0 3 L O 34
0 5 71728
byl 0 5 1.0 12
¥ T 3 0 7
o 50 3 3 2 2 0
S 2 21T 7T 0 3 11
)
= 60 1 52 1 01 13
| 3 T 7T 0 0 0 §
,...‘
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= 0 07 00 D0 0 B
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5 8000001000 b
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{0 000000 00T 0T 3
1110 0000000000 0 0
0O 0000000 0000
1200000000 000 0 00
0 00 00 00T 0 0T 0 0 0 71 1
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Totall 31019 5 3 2 1.0 0 1 0 1 0 O 45
30,2730 7 5 8 6 3 0 3 0 1T 0 182
Average age of well = 2.99 years Average time to repairs = 2..47
years

Average time since Ist repair = 2.39 years
Computed average time between repairs = 4.10 years
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FREQUENCY OF. ENGINE REPATIRS

Number of years to andsince repair of engine
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APPENDIX TABLE A-2

: N
of afn Ml fen ol Ofo —lO ol olo ok ol olo olo olo olo 3

W o — - A

O ww QX @ F N0 o~ w o O - "

A -~ - — — =

w &

i 2

M S

i SJEs4 = seuTdus ayz Jo o3y E-

1.70

2.83 Average time to repairs

Average time since last repair = 1,71 Computed average time

Average age of eigine
between repairs = 2.39
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FREQUENCY OF MOTOR REPATRS

APPENDIX TABLE-A-3—-

'Nuﬁberléf”yéars'to and since repairs of Motor
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Total

Average age of motor = 3.14 Average time to repairs = 1.94

2.06 Computed average time

Average time since L%Et repair =
=2l

between repairs
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FREGUENCY OF OTHER REPAIRS

appendix Table A-5

Number of years to or since repair of other parts
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APPENDIN TABLE A=k FREQUENCY OF PUMP REPA IRS B
 Number of years cr since repairs of replacement
‘ of pumps
0| 28 21
11 1.0 31
0 37
21 4 4 3 bz
5 4 33
3100 6 4 33
5 & 022
L10 0 1 1 0 11
0T T 0 3
510 2 2 0 0 1 11
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e
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Average ave-of pump = 2.97 years

Average ‘time td repairs = 2.19 years -

Average time since last repair = 2,40 .years ., . 4
Computed average time between repairs = 3.94 years. =
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