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ABSTRACT

The need for small, efficient, low lift pumping devices is being
recognized throughout the world. Small efficient pumps lifting irriga-
tion surface water 1/2 to 3 meters are needed in many developing coun-
tries. Likewise, the need for similar pumps is increasing 1n the Umtedi

States with the introduction of tail water pumpback systems However,

11tt1e information is avallable comparing the technical and econonuc
'aspects of such pumps.

The technical ard econom1c characteristics of a varlety of low 1lift
- pumping devices were analyzed. Water wheels and both portable and fixed
"_axlal flow pumps were considered. Animal, electric, and fossil fuel
“drivers were 1nvest1gated. The analysis was performed specifically for
| pumping conditions in Egypt where discharges of 14 to 100 11tres/sec ;
(220 to 1585 gpm) are required at static 1ifts ranging from 1/2 to 3

,meters. Both the economic costs of pumping based upon J.nternatlonalif

»market prices and the on farm pumping costs in Egypt we e

| :computer model was developed to aid 1n punp selectlon and to performjthe':j{:

econcmlc calculations.

A 31x-1nch axial flow. pump developed by"*th” Internatlonal Rlce”

Research Instltute (IRRI) was found to be the most eff1c1ent law llft_:;

pump (efflclenc1es for th1s pump as hlgh as 70% have been reported) atf'i;
heads of 1/2 to 3 meters. Data from fleld tests “indicate that

dlscharges range from 46 litres/sec (729 gpm) at a statlc lift of 1
meter; to 27 litres/sec (427 gpm) at a static llft of 2.8 meters._“ e

The six-inch IRRI pump drlven by a3 horsepower electrlc moto 'pro-.
v1ded the lowest pumplng costs. ‘Where electricity is unavaJ.l"

an1ma1 pcmered water wheel resulted 'in the least. expenswe pumpmg”"'



,"véo}sts. However, if the 0pportun1ty tJme of the farmer's labor is
~included and the opportum.ty cost is greatnr than threé cents an hOUr, v
the cost of pumping with a diesel powered IRRI pump was less than w:q;__h ;
“/t:he water wheel. | |
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Chapter I
INTRODUCTION

Irrigated agriculture is in a state of flux in the Old Lands of
Egypt. Problems with the development of the New Lands and a demand for
increased food production has refocused attenticn on the possibility of
increasing the agricultural productivity of the Old Lands. Farmer agri-
cultural patterns have changed with the introduction of mechanization,
improved crop hybrids and chemical fertilizers. Further improvement in
the agricultural productivity of the Old Lands appears to be limited by
the present irrigation water delivery system.

A general concensus is emerging that the water delivery system must
be rebuilt. How it should be rebuilt remains an open question. Should
the new system design be a duplicate of the old system? Should it be a
subgrade system requiring the farmers to lift water to their fields? If
so, where will the lifting point be and what type of 1lifting device
should be used? Should the water be delivered to the farmers above
‘grade? Rational answers to these questions can not be formulated
without a careful scientific analysis of the entire irrigated agricul-
tufe system. Only then can an optimum policy for the rebuilding of the
fwater delivery system be generated.

‘The first step in an analysis of a system is the collection of data
on the various components of the system. For example, present and
‘potential water lifting devices must be examined as part of a scientific

analysis of the 0ld Lands irrigated agricultural system. The technical



» ipl. Sf,°f dlfferent water 11ft1ng dev1ces can “
;flcantly 1nf1uence . the ; ywde81gn and rebu11d1ng of an optunal 1rrlgat10nj
vde11very system.

‘This paper will examine the costs and the technical implications of
‘VaY.'lOUS low head water 11ft1ng dev1ces that are presently in use or

‘oould be used in Egypt. The national costs in Egypt of 11ft1ng waterf

w1th a sakia, the most prevalent water lifting dev1ce, w111 be deter-'
”mmed. Thls cost will then be compared wnth the pro:]ected natl’t 1
oosts of ‘operating other mechanized low lift pumps. Flnally, the on
;farm or farmer costs of operating these pumps will be examlned
Varlous aspects of these questiois have been covered by prev1ous-"f

.papers publlshed by the Egypt Water Use and Management Pro:ect and other:»f;
pro:;ects and individuals 1nvolved in irrigation development :m the
developlng world. Throughout this paper the work of authors mcludmg
Dr. Hassan Wahby, Dr. Gene Quenemoen, Dr. Everett Richardson, Dr.
Forrest Walters, Dr. Melvin Skold, Roger Slack and Richard Dyer will be
referred to. The foundations upon which this paper was written were'-
bu11t by these gentlemen. However, thls paper 1s unJ.que in that it. syn-‘;;
thes:Lzes the work of these and other authors, 1t :mtroduces and examlnes.f;
several new low lift pumping dev1ces, and exammes not only ‘-he natlonal_‘i»i‘
but also on farm pumping costs.

Underlying 2 i

| ' ThlS analysis assumes that any change m 11ft1ng mechanlzatlon w1111
occur gradually, and so a sudden demand for a partlcular product or type
vof products will not create shortages, distort the market, and in turn‘v
ralse» the costs of these products. If a major crash program to mechan—f;‘

ize water lifting were to be initiated, great care would have to be



itaken" to eliminate the type of market d:rstort:rons which :would signifi-

"cantly 1ncrease the cost. 'of"l such a program.

_ Equal beneflts are assumed to accrue to each of . the pmnp:mg systems
analyzed and therefore only the costs of the varlous systems will be
considered Techmcally, th1s assmnptlon is quesc1onable. Vary ng
dlscharge rates and system conflguratlons can affect a wide range of-

-var1ables mcludmg conveyance losses, 1rrlgat10n appllcat on effl-‘

c1ency, requ:rrement efflclency, dramage problems, aud erosmn, In turn
‘crop ylelds would be affected. However, the lack of data and the lun-r
ited scope of this paper necessitates the inclusion of this assumptlonf
The error that this assumption might introduce into this study 1s small"
when compared to the range of values of many other of the system parame-,_

ter S.



Chapter IT'
‘IRRIGATION TN BGYPT

{Egypt ‘is‘a land of 40 mllllon people 11v1ng 1n a. river valley andz

delta of,‘350000jsquare kllometers, approx1mately the size of Connectl—'
,cut. Deserts surround ‘this valley where rainfall is measured in years
per inch instead of inches per year. The Nile, Egypt's only major
river, floods annually from Auqust to October during which 80% of the
annual discharge occurs. The soil of the valley and delta is a level,
deep, dark brown alluvial, deposited by the annual floods over thouSandst
of years.
The Development of a Water Delivery System

| A growing population, and the urge to modernize spurred Egypt in
the 1800's to expand her agricultural production. As land was 11m1ted
and the climate subtropical, agricultural production could only be'
increased- by growing multiple crops in one year. But multiple crqpping
required a dependable water supply throughout the year. Consequently'yin
1836 construction began on the first of a series of barrages across,the

Nile, and in 1890 the first barrage was fully functional. (%)

During
the low flow period these barrages raised the upstream water 1evel of
the r1ver high enough to feed a system of grav1ty flow 1rr1gat10n canals

wh1ch carr1ed water to the f1elds.

() mmeteer, tarl, Mmadsker's Baysk 1925, David & Chartes, Nevton
Abott Devon, 1974, pg. 131. < SRR yidbebris



Hav:Lng solved the problem of d1str1but1ng water to the f1elds dur-
mg the low flow perlods, attention shifted to augmentlng the Nile flow
during these periods. The discharge of the Nile during the non—flood
portion of the year was insufficient to support the planned increases in
perennial irrigation and the introduction of high water consuming crops.
In 1698 construction began on the Aswan Dam in upper Egypt. This dam,
oonipleted in 1902 and later heightened several times, trapped the last
of the annual flood behind its 180 iron sluice gates. Beglnnlng in

March, the stored water would begin to be released to augment the lowv

5r1ver flow, and consequently increase the amount of 1rr1gated acreagef

that could be cropped perennially.
However, the high silt and sediment load of the annual flood. of the ‘

‘Nlle 'still limited the amount of the flood that oould' be seasonally
"»»stored. If the Aswan dam was closed and began to flll before the peak
of the sediment load had pascsed through, it was feared that the reser-
‘_v01r would be filled to capacity with sediment in a matter of Years.
Periodic low floods and the continuing need for increased agricul-
tural production resulted in a series of proposals for over year Water
storage. This storage system was envisage to be large enough to' ‘store'
seVeral annual floods and accompanying sediment. 'The surplus water of a

high flood year could then be stored for a year when the flood was .'A'not{

large enough to meet the oountry's irrigation needs. The ove year'j
‘storage scheme would thus eliminate the periodic water shortages oaused"
fby lov floods andallow an additional 1,000,000 feddans in middle and
upp_er Egypt to be cropped continuously. A multitude of projects were
proposed and debated for 40 years. Finally in 1963, the debate was



effectlvely ended with the commencement of the construction of the Aswan
ngh Dam.

This dam, located several kilometers upstream of the old Aswan dam,
_created‘ a reservoir that stretches for hundreds of kilometers upstream
1nto ‘the harsh Sahara desert. Yet today, despite the most extensive
1rr1gatlon system in the world and significant over year storage, Egypt
desperately needs to further increase her.agrlcultural productlon.

The Chall racing Eayot

The challenge facing Egyptlan agrlculture is enormous. - It ‘was‘

estimated in 1975 that the ratlo between Egypt s cultlvated land'and
populatlon was only 0. 15 feddans per person. A populatlon that nlS
1ncreasrng at 2.4% per annum and an annual loss of 40, 000 feddans of
cultlvated land to urban development suggest that this ratio is smaller
still today. (2) With‘less than 0.15 feddans of agricultural land per
capita Egypt is forced to import food. The population growth and urban‘
developnent exacerbate this problem. Further compoundlng the problem 1s

that the y1eld 1ncreases of maJor crops have not been as hlgh as

env151oned. In fact the: ylelds of some crops ‘1nclud1ng cotton,EWAHG

actually decreased,-ff3%

2 m1-mobgy, H. A., Contemporary Foyptian Agriculture, Second Ed-
‘ition, 1976, pgs. 1, 43.

3 cuddiby, W., agriculture Price Management in Fgypt. _Staff
Working Paper No. 388, The World Bank, Washington, D. C., 1980;
m. l. o



‘Egypt: in’ 1976 1mported L E. l 2 billion: of‘ba51c food fproducts to

feed _—people.r , (4) () This is an enormous food b111 )for e coun ry‘
A’twhose" total agricultural income in 1976 was only L.E. 870 million. ‘(6)“

I‘he‘ construction of the High Dam allowed perennial irrigation, mul-
;j,tivple cropping, and net water surpluses throughout Egypt's agricultural
""l"ahds. vUnfortunately, the introduction of country wide perennial irri- .
‘gation and net water surpluses, when combined with 1nadequate drainage_'
‘ fac111t1es and poor farm water management, has increased the problems oflf‘
excessively high water tables and salinity. Poor oonveyance systems
have restricted the access of a significant minority of farmers to the
additional water.

One of the most promising methods of quickly realizing that
increese is through improving farm water management. However before on‘

farm water management can be effectively practiced, two necessary prere-:'i‘

quisites are required. (1) An irrigation delivery system which.prof?'

vides the farmer with the required quantities of water when i Cis
r‘ifeed'e_d,l;?and (2) a drainage network to carry from the fields theleachmg
fractlonOf ‘the irrivgation application.

Past economic and military crises forced Egypt to re-allocate funds
de';f:;i;ined *'f}or the maintenance and inprovement of her irrigation and

drainage 'éy'stans to what were more immediate problems. Today, the

(4) Berger, Louis, Irrigation Pumping Study in Middle and Upper
m’ UOS. AIDI my 1977u ’

(5 Bailey, Charles, FEinal Report, _Jater_mnegement_mnsultancx;
Eaypt and Sudan, Ford Foundation, October 1961. o

© Cuddihy, W., Agriculture Price Management in FEaypt, Staff
Working Paper No. 388, The World Bank, Washington, D.C., 1980, pg.



repercuss1ons of such exigencies are beginning to be mamfest. Years"Of;
deferred mamtenance in concert with poor 1rngat10n practices- has
reduced the product1v1ty of the Egyptlan s011 and consequently agr1cu1-

tural product1v1ty has not keep pace with populatlon growth. (7

Egypt s 1rrlgat10n system 1s des1gned upon two central premlses.
The . f1rst, is that farmers must be. forced to 11ft water to their f1e1ds
in order to induce water conservation. The second premise is that cen-
tralized control of all aspects of irrigation is necessary in order to
promote the most efficient use of Egypt's most precious resource. Both
premises were first authored by the British in the late 1800's and early
twentieth century. They were products of their age and perhaps were
appropriate when first conceived. A century later Egypt a v1tal
independent nation facing new challenges in a new age, nust, . reexamine
these premises and decide if they continue to best meet her needs.,

Over the last few years scientific data has been acqu:red which
challenges the first premise, that forcing farmers tc lift their irriga-
‘tion water results in water conservation. Furthermore estimates of the
annual cost of this 11ft1ng range as high as L.E. 160 million. 8) e
impact of a cost of this magnitude is best understood when compared w1th
the ‘total mcome of agricultural land owners and/or workers in 1976 of

L.E. .870 n_ulllon. (9) These estimates suggest that the cost of 11ft1ngv

(7) Strategies for Accelerating Agricultural Development: A Re-
Egvpt, United States Agency for International Development, Wash-
ington, D. C., July 1982.

(8) Personal Communication with Dr. Everett Richardson



Egypt s agr1cu1tura1 water approxlmately one meter ‘is almost one fifth}

of Egypt s total annual agrlcultural 1ncome.

The second prem1se, that centrallzed control of all aspects of
1rrlgatlon is necessary in order to promote the most eff1c1ent utlllza-*
' .tlon of the Nile, is not as ea51ly analyzed. 'I'he complex mteractlons
. of human beings and soc1a1 mstltutlons render the de11neat10n of .
1nd1v1dual/ institutional relatlonshlps much more d1ff1cult than the del-u
"fmeatlon of technical relationships. Little investigation of this prem-
ise has occurred even though enormous investments have been spent to
study and improve both on farm water management and the entire water
delivery system 1n Egypt.

Significantly greater investments are being contemplated by bothﬁ
the Goverrment of Eqypt and other institutions and countries. The tasks
of' restoring the water delivery system to its prewar operational condl-
tion ’(overcoming the years of deferred maintenance) and then extending’;
1t to meet Egypt's near future needs are enormous. Some est:mate that,;y

thecost will be 5.8 x 109 United States dollars. (10)

Tasks and costsﬁ;
*ofﬁthis magnitude can not be initiated lightly. The social and e,conom,mf
implications of such a project could be staggering. The recent ev"-‘nts
in Iran are a singular example of the social turmoil that can be1n1-

tiated by massive economic intervention in a developing nation.  Addi-~:

tlonally, there 1s a host of technlcal questlons whlch must be answered‘t
'by Egypt 1f Egypt is to get the "best system" for the money.

9): Cuddlhy, W.; Agriculture Price Maragement in Fgypt, Staff
,Workmg Paper No. 388, The World Bank, Washington, D. C., . 1980,
pg. 10 ‘

(10 R1chardson, personal conmunication.
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Planmng for such a system is difficult because of the lack of;
mformatmn on the costs ‘of the various alternative methods for 1mprov-
1ng Egypt 5 water dellvery system. For instance, how much more expen-
sive would it be to install an above grade free flow water delivery sys-
tem than to carry out the extenswe corrective maintenance program pro-
posed for the present below grade system? Is an above grade free flow«,‘
system more ~cost1y than a mechamzed pumping system? Under what condi-
tions is mechanlzed ‘pumping a better option than animal-‘powered pumping?
Could the present sakia rings be converted into small pump partnerships?
Not all options are likely to be equally cost effective and socially
acceptable. The political implications of some proposals include income
redistribution and the restructuring of social 'institu_tions. - Unfor-
tunately, the people who will ultimately plan, design, finance; ‘ iinple-
ment, and manage these agricultural development projects have little of
the information needed to properly evaluate and implemenit the proposed
alternative investments. (11

The policy questions that these proposals introduce must be’
addressed by Egypt if Egypt is to improve her agricultural production.
Are the individual farmers going to have to repay the costs of restoring
the water delivery system? If so, will credit be available? From whose
perspective are the alternative projects going to be evaluated? Will
the projects be selected 1n terms of their benefit to the state or the~”;

private benefit they would engender? -There is a need for mformatmn on

(11) Moya, Piedad F., Herdt, and Bhuiyan; Returns to Irrigation

Investment in Central Luzon, The International Rice Research In-
stitute, Los Banos, Philippines, September 5, 198l.
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impacts of these varlous proposals upon the agrlcultural labor pool,

food,prices ‘:land fragmentatlon, Yand rural 'capltal accumulation.

'I‘his paper w111 conslder only one small facet of the investigation
that must be mounted 1f 1rrlgatlon mvestments are to be optimally allo-

cated.‘ Thls paper wlll examme both the present national and financial

costs of 11ft1ng agr1cu1 ural water in Egypt and will in turn compare |

th1s: oost with the costs of several different mechamzed low 11ft pump-
1ng schemes. Hopefully this paper will spark the curJ.os:Lty and mterest“

}of others who in turn will investigate this and the many“ other aspects;
of Egypt's irrigated agricultural system.

Successful develognent 1s the result of sklllfully comb1n1ng care-‘
ful thought ard research with access:Lble materlal resources., Thev‘
materlal means appear to be available. The knowledge and research,-
necessary to fully exploit these means is not. If th1s knowledge 1s not}:

quickly accumulated a great opportunity will be lost_’.;



Chapter III

The accurateumoqe;ing;ofutheVCOSts of pumping systems and an under-
standing of the5£echhiéei‘iﬁplications of these puming systems requires
an understanding of certain pump fundamentals. In this chapter the con-
cept of head, power, efficiency, and the affinity laws will be dis-
cussed. G

A pump is a dev1ce wh1ch 1mparts energy to a fluld., The addition
of this energy in the fluid results in a change in velocity, pressure or
elevation of the fluid. A pump adds energy to a fluid in one of two
ways. The first method, commonly called the dynamic method, continu-
ously adds energy "to increase the fluid velocities within the machine
to values in excess of those occurring at the discharge such that subse-
quent velocity reduction within or beyond the pump produces a pressure
increase."” The second method, the positive displacement method, period-
ically adds energy to the fluid "by application of force to one or more
movable boundaries of any desired number of enclosed, fluid-containing
volumes, resulting in direct 1ncrease in pressure up to the value‘
required to move the: fluld through valves or ports into the: dlscharge;

line."»(l)

) Krutzsch, W. C.,"Introduction and Classification. of Pumps
redited by Karassik, Krutzsch, Fraser, Messlna,
McGraw-Hill, New York, 1976, pgs. 1-3,1-4
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fRegardless of the. k1nd ofap”? 11 ed‘fthere 1s a set of general

:terms_W1th‘whlch we can descrlbe;‘wel ommonucharacterlstlcs of all pumps

and the1r pumping tasks.
nisgharge_lQL
Discharge (@) is the‘volumefof 11qu1d per un1t t1me7‘tha

dellvers. Dlscharge 1s‘usual expressed metrlcally as“

‘hour or liters per second.

In the\Unlted States - the ‘commo M.unltvwfor:
"pump d1scharge is gallons perrbinute.

Head (H)

Head (H) represents the net work done on a unlt welght of fluld as;
it passes through the pump. Head can be expressed as a pressure, e.g.
- kilograms per meter squared, or as the: height of a column of water which
would exert the required pressure, due to its weight (potential energy).
.Often, in irrigation and drainage pumping applications, the second nota-
tion of head is more convenient than pressure because it allows both the
lift and the needed pressure increases to be expressed in units'”of,
length;

‘This work or head can be manifested as a change in velocity, a

change in pressure, or a change in elevation. The Bernoulii?
‘combines these dlfferent manifestations of work 1nto a 51ngle

whlch states that the change in total energy content of ‘the. fluldz
fbetween two points is equal to the energy added by a pump minus  the

'energy 1ost due to frlctlon and form losses.~

B W , V2
e AL LSS AL
where: T

P= water pressure
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Y, = specific weight of water

water velocity
;?1 water elevation
fhb = energy added by the pump

fhf = friction in the pumping system

;g gravitational constant
uSubscrlpts 1 and 2 indicate the state of flow
before (upstream) and after (downstream) the pump.

'?A classification of head components has occurred within the context
of pump design and sizing. This method of classification is identical
to the Bernoulli equation with somewhat different notation, as all the
energy components are expressed in terms of meters of water. (See Figure
3.1)

Static suction head (hs) or lift is the vertical distance from the
surface of the water to the centerline of the pump when the system is at
rest. If the water surface is above the centerline of the pump a nega-
tive value is assigned to the suction head by convention; if below, a
positive value is assigned to the suction lift again by convertion.

‘Static discharge head (hd) is the vertical distance from the
centerline of the pump to the centerline of the discharge head or outlet
pipe.

Vé1001ty head (hv) is the amount of kinetic energy contained in
‘the flow through the pump ‘It is the distance water must fall, subject

“only to grav1ty, to obtaln the velocity of the water flowing through the

'hpump-

n =%
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.}:H'i_" hg-hg +hy +hy

hy

Figure 3.1. . Camponents of head in a pumping application.



The ve,locrty head can usually be 1gnored in:most " pumping < applica--
t1ons because 1t is of such small magnltude.
Frlctlon head (hf) is the amount of head needed to overcome fric-
| tion in the pumping system caused by resistance, fittings, suction
tubes; and discharge heads. Various methods for determining the fric-
tioh in a pumping system include the Darcy Weisbach equation and exnpirir.
cally derived charts found in many fluid mechanics and hydraulics;ftext_s_.:-;J
The ,calculation of -the.friction head in a pumping system:.will‘;‘:beg*‘,di‘s;}{‘f
cussed -in greater detail .in‘_a,later section of - this. paper.
| 'v Pressure head (hp) is the pressure required at the outlet -of \the_:
pump In most low lift pump applications a free discharge (atmospherlc)
. condltlon ex1sts at the:pump outlet. In such a case the pressure head;'
,would be zero. Lk
Drawdown (D) -is the vert:Lcal dlstance that the water surface Ain:the
: suctlon bay falls during the course of -the pumpmg operation. -Drawdown
is;most common inf-wells,‘: but.can occur in canals and ;lakes,“...where :the
-recharge water source is not.adequate. ‘ |
Total Head (Ht) , often called -the total dynamic -head, is thev;f
"entire energy potential-of the system against which the water. l:Lfter or.A,
pump must-operate." (2) The total head is the sum of the heads of the
pumping systém plus any drawdown that occurs. (See Figure 3.2)
-»hd+h +hv+hf+hp+D
Most pumps requlre that the: fluid entering: the 1mpeller" vbe":‘%“under

‘some mmlmum pressure.:; If the’ flu1d does not.. have sufflclent pressureffi

f (2) Wood, Alan D. v "Water L:Lfters and -Pumps for The - Developmg
‘World" - -Masters Thes1s, Colorado State Un1vers1ty, :Spring,:1976,

:pg.‘36
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as it enters the eye of the 1mpe11er the pressure drop whldh“ithe ‘f£1uid

experlences as it 1s rad1a11y accelerated by the 1mpe11er ulllﬂdrop_thef
pressure of the fluid below its vapor pressure. As the vaporlzed f1u1d'
leaves the impeller it's velocity decreases, the pressure increases and
these vapor pockets suddenly collapse. This phenomenon is called cavi-
tation and will severely stress the components of the pump. Pitting,
excessive wear, and early failure of pump components are caused by cavi-ﬁ
tation.

' The pressure that a pump requires at the eye of its impeller is ‘a
function of the pump's design. This required pressure which is often.
less than atmospheric pressure is called the net positive suction head
required (NPSHR). The NPSHR must always be less than the net positive
suction head available (NPSHA) or cavitation may occur.

'“The net positive suction head available (NPSHA) is the head at the
eye of the impeller. It is the head that causes the fluid to flow up
‘the suction tube of the pump and into the eye of the impeller. If thei
‘NPSHA is larger than the NPSHR the fluid will not vaporize as it crosses:

the 1mpe11er. Barometric pressure (hb) and the suctlon head (h )7%are'

the two prlmary components of NPSH. In addltlon, the frlctlon 1osses'1hi

thevsuction piping (hf.) and the fluids vapor pressure.(hv);mustsalso,bef

included in the definition of NESHA.

ﬁhelequation for the net positive suction head available (NPSHA).'is::
NPSHA = hb —:hs f.hv - hfs |
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Power (HP)

The third variable which we use to describe a pump is the quantity
Vof[fptnwer that the pump‘“provides and the quantity of power =require'd,to
dr1ve the pump.

A pump was previously described as a dev1ce wh1ch added energy to a

fluid and the Bernoulli equation was presented as one method of duantl-
fying the energy added

Another method of describing the energy the pump unparts to the
~f1uid is the water horsepower (WHP) or useful work done by the pump._

WHP = 33000
The water horsepower can also be expressed as

where: WS T 3se0
Q = gpm
H = feet
SG— speoific weight of water
A pump, like all mechanical dev1ces, : 1s not totally efflclent.
‘;Because of problems such as internal frlctlon, sllppage, ‘and turbulence
;more energy or horsepower will be requlred by the pump than ‘the amount'
of horsepower the pump adds to the fluid. The horsepower requlred by‘
the pump is called the brake horsepower (BHP) and 1s related to the;
water horsepower of the pump by a term called the pump eff1c1ency. ;.
Effici {EEEI
The eff101ency of the pump is the fourth parameter that 1s used to,

, descr1be pumps and pmnpmg appllcatlons. The eff101ency of a pump
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is the ratlo of the energy added to the fluid by . the ‘pump. over the

energy 1nput 1nto the pump.
- Whc
EFF = BAP
A pump with no energy losses would have an efficiency of 100%.u755

good pump has an efficiency of 65% to 70%. The energy losses in a pump

include those due to friction, and to turbulence as the radial flow ,of
the fluid passing across the impeller is redirected vertically,

Prime movers and transmissions are also subject to mechanical
losses. Each has an efficiency which is a measure of their own mechani-
cal losses. The efficiency of a pumping system which includes a motof,.
a transmission, and a pump is the product of the efficiencies of eachgbfl
the components. The overall efficiency of a pumping system (EFEa)‘is;

EFFa = X EFF tor

EFFfymp * EfFtransmission

‘Performance Curves
Four variables; discharge (Q, head (0, pouer-'(BHP), “and effi-
ciency (EFF) are often combined in a graphical presentation of the
characteristics of a pump. Such graphical presentations are called per—
formance curves. Specifically, these parameters are plotted for a
specified pump operating at a specified speed with discharge (Q) as the
-common absc1ssa as shown in Flgure 3.3.

The head—dlscharge curve in Flgure 3.3 1ndlcates the head the pump
,w1ll produce at a specific dlscharge and vice versa.; The eff1c1ency‘
*curve indicates at what discharge the pump operates most efficiently.
Similarly, the brake horsepower curve and the net p051t1ve suctlon ‘head
~requ1red curve indicate those characterlstlcs of the pump as a. functlon

‘of -discharge.
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Thereaare several graphlcal varlatlons‘ of  pe

showhr in Flgure 3’4. Generally. these varlatlons ref’cmpos1tes of thei
curves shownjlnnFlgure 3.3. Many performance curve charts w1ll present
‘three or‘more head-discharge curves. Each curve is for a different 51ze
1mpeller, or a different operating rpm. Eff1c1ency, the brake hor-
‘sepcwer requlred, and the net positlve suctlon head requlrede111 vary:
fcrfcitferent.sized impellers.and operatlng;rpm..

#Pﬁmp impellers can be cut smaller or rotated at varying speeds to
produce performance characteristics slightly different than those indi-
ceted'by the performance curves. A set of relationships called affinity
laws’have»been~developedvto;predict the pump characteristics with a dif-
fereht Size impeller or'rotational speed. However, these laws must be
applied‘withvcare; not all affinity laws are applicable to all pumps and
their use should be restricted to speed and impeller diameter variances
-of less than 10%. (3) (4)

If the speed of rotation is varied but.all other aspects .of -the

:;pump remain fixed:

9 M
5

2
I_'Ill
Hy

1(4)-Dorn, Thomas W. and Fischbach, Paul E., Deriving Pump Qurves
i im_Di » Agricultural En- -
gineering Department, University of Nebraska, Lincoln. :
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Operation not Permissable in' Dashed ' Portion of"

S Head Curve, Contact Factory- for Application:
25

Total Heqd in feet

0 T BHP @ 1980 rpm |

| BHP @ 1170 rpm — -

O—NUWH O

BHP

0 200 400 600 800 1000 1200
' U.S. gallons per minute

Figure 3:4.7 /A performance curve for an axial flow pump operating. atidifferent

€2
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BHP] N Ell
BHP2 : N2

where N = pump speed in revolutions per unit time.
If the diameter of the impeller is varied but all other aspects of - the-

pump remain fixed:

Both pumps and pumping applications,can be‘described~witﬁ the terms
just discussed. A head-discharge curvé can be developed.through.ah
examination of an individual's pumping needs. Such a curve is called a
system head-discharge curve. Once such a curve has been developed a pump
could be selected with an identical head-discharge curve and a high
efficiency over the expeqted,discharge operating range.



Chapter IV
THE PUMPING SYSTEM -

A punping system corisists of three components:
2. ‘The driver
3. The conveyance system which:carries water to-and away from. '
the pump.
o
 Pumps are categorized as either positive displacement 'or - kinetic.
) positive displacement methods range from bucket and: rope to water
wheels to modern direct acting pistons. Each of these methods have a
common trait which is the displacement of the fluid from one head to
another by a reciprocating motion. The only displacement pump that w1li
be considered in this report is the traditional sakia which is a technle
cally sophlstlcated water wheel.
Kmetlc pumps are a much more . recent developnent. It was not until

the l9th century that the ‘successful production of a k1net1c pump

_occurred. K1netlc pumps have been subclassified as either rotodynamlc or

‘Je_vand w1th1n the rotodynamlc classification further subcla551flcat10ns

"ex'st between regenerative, centrifugal, mixed, and ax1a1 or propeller
pump.

’(1) A. D. Wood, J. F. Ruff, and E. V. Richardson,

» Colorado State Un1ver31ty. ‘Fort

Collins, Colorado, June, 1977.
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The choice of a partlcular kind of ~;_1rrlgatlon'” pump for ‘a glven

1u1d has to ‘be’ 11ftea

31tuat10n is a functlon of the height’whlch ch - f

(head) + the quantlty of water wh1ch must be | pmnped (dlscharge) fthe
driver which will power the pump, and the operatmg env1ronment of the
pump. The selectlon of a pump s:unply as a function of head and dlscharge
is a fairly simple techmcal exerc1se. It is con31derab1y morea d1ff1-
cult to select a pump as a functlon “of operating condltlons such as
dust, heav11y sedimented water, poorly trained pump operators, and res—
tricted spare part supplies. There is little quantitative data on the
effect of the pumping environment upon the costs of pumping. This is a
particularly important problem which will be discussed in greater depth
in this paper.

The greatest pumping efficiencies occur with rotodynamic pumps.

The three subclassificaticns of rotodynamic pumps, centrifugal, mixed
fldw, and axial flow pumps have different characteristics and therefore
each type of pump operates most efficiently under different pumping
requirements. An axial pump is significantly more effici‘ent than the
centrifugal and mixed flow pumps when a statickhead ”of" approkiﬁ\ately oriel
meter and discharges ranging from 12.5 to 140 litres per sécohd are
required. These are the typical pumping requirements in Egypt.

The mixed f£low pump's discharge increases as the head decreases«i;
1unt11 a head of approximately six meters is reached. At this pomt, any‘
,Taddltlonal drop in head does not result in an increase in d1scharge and.
f:v_the eff1c1ency of the pump begins to fall rapidly. The net result 1s,
‘fﬂthat a mixed flow pump requires almost as much power to llft a ‘given

: rdlscharge two meters as it does to lift it six meters. The centr1fuga1 '
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purp's efficiency at low heads is even poorer than that of the mixed
£low. pump.

The ax1a1 flow pump on the other hand reaches maximum efficiency at
v‘heads varymg between 1 and 6 meters. Furthermore, the axial flow pump
:"has a flatter efficiency curve over its normal operating range' whlch
'_ results in a falrly ‘steady efficiency over a range of vary:mg heads. :

Should the water level in the meska fall fourty cent:.meters, a properly
sized axial flow pump will continue to operate at a hlgh eff1c1ency.
The maximum efficiency of the pump extends over a broader range of heads
than a mixed flow or centrifugal pump. (2), Flgure 4. l descrlbes the
Head discharge curves of a 6 inch centr1fugal pump and a 6 inch axial
flow pump.

A axial 'flow pump is uSualle‘ less costly than other pumps.
,Because the pump cas1ng of an axial flow pump is less complicated,
llghter 1n welght, and smaller, several axial flow pumps including one |
des:Lgned by the Internatlonal Rice Research Institute are s1gn1f.rcantly-.
‘:smpler to construct and maintain than centrifugal pumps presently be1ng
Vsold 1n Egypt

;On the other hand, an axial flow- pump is’ ‘more susceptible to abuse

‘than :‘[other pumps. Because of it's h1gh shut off head the required hor-

Ysepower at the shut off head can be 250% greater than that required at

’the pomt of maxlmum eff1c1ency. If the pump is operated near this shut .
'off head, severe damage to the pump and 1t's motor Nlll occur due to
overloadlng. Secondly, 1t is more difficult to vary the discharge of an

axial flow pump. In spite of these two serious limitations of the axial

@ Snodgrass, George F., Selection and Deslgn of High-Volume, Low
,Head Pumps., ASAE Transactions #2723
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flow pump, the significantly better efficiencies it provides at the low
etatic heads found in Egypt suggests that this type of pump would be
significantly more economical than the mixed flow or centrifugal pumps.
The Driver

The driver can be a human, an animal, an electric or fossil fuel
fired engine, or a renewable energy source such as a solar engine. The
Vch01ce of drlver often will dictate the pump that will be used and vice
1versa. : Recently, with the rising cost of energy, be it human or fossil
fuel, the cr1ter1a for the selection of a driver has changed radically.
| deay, the energy cost of pumping has become much more significant
‘than 1n the past. Consequently, increased emphasis must be placed on the

gdrlver s ability to efficiently convert input energy intc usable output

:eneréy‘ Wthh ‘powers the pump. This tends to increase the capital cost
of the drlver and in turn to increase the burden on capital constrained
countries who are tryinq to convert to mechanized pumping.

The cost of energy plays a large part in determining the feasibil-
1ty of a partlcular pumplng scheme. However, projecting future enerqgy
;costs 1s a rlsky affalr. Therefore all of the pump schemes examined in
thlS paper will be tested to determine thelr sen51t1v1ty to large fluc-
tuations in the cost of energy.

The Conveyance System

The conveyance system is the physical plantvwhich carries water to
the pump intake and from the pump outlet to the fields. A conveyance
system should be designed and maintained so that it can provide the
required quantities of water when needed by the crops. The conveyance
system in Egypt consists of open ditches (marwas) and canals (meskas).

Any pumping system is totally dependent upon the conveyance system's
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ab111ty to prov1de 1t w1th an adequate and t1me1y supply of water.; . '~'I‘he;

best englneered pumplng system is useless 1f the conveyance system can'
not prcv1de adequate water to the pmp 1ntake, or carry the pump
discharge to the fields. Egypt has an extensive conveyance system but
in those areas where the system has deteriorated, a pumping system may
exacerbate what is already a difficult problem. A mechanized pumping
system is not a substitute for the renovation of conveyance systems
Rather its success is dependant upon the existence of a well desrgned
and maintained water delivery system.
I . ts in Eaypt

The ired Lift

The Egyptian irrigation system was ‘designed with the ' premlse that"
if farmers had to 11ft water to their fields they would be sparlng in
their use of the water. Consequently, Egypt's most precrous resource,
water, would be conserved The majority of the meskas in Egypt were
bu11t w1th a desugn water level 60 centimeters below the level of the
land.v Today a 11tt1e over 80% (3) of the Egyptian Agncultural acreage,,
is 1rrlgated w1th water lifted a height of 75 to 100 cent1meters, from’
the meskas to field drtches. In some parts of Egypt the static 11ft is:
as low as 50 cm. While in Middle and Upper Egypt the static 1lift may be‘
3.5 meters. Greater lifts are encountered in the land reclamatlon pro—‘
jects. For the purposes of thls study the pump must be able to operate;,

with a statrc ~11ft- ranging vfrom 0.5 meters to 4 meters.

3 Era 2000, Further Mechanization of Fayptian Agriculture, Unit-
ed States Agency for International Development,:March,: 1979, pg.

XII.2
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The Required Discharge
The required discharge of the pump is a function of both the volume
' ‘of water needed on an annual basis, the volume needed for the single
largest irrigation, and the amount of time during which pumping can
vo_‘ccur. An estimate of the average annual irrigation water requirement.
per feddan is 6800 cubic meters. The maximum water requirement per
| 1rrlgatlon is approximately 425 cubic meters per feddan. These numbers
were derived by the Egypt Water Use Project and are based upon country-
wide crop patterns, evapotranspiration values, and application efficien-
cies. (4) Certainly some crops such as rice will require significantly
more water and many others less. However, in the m1t1al selectlon of -
pumps to be oonsuiered in th1s analys1s the natlonal average- flgures can‘;
'ibe used a8 bench marks,

Ideally, on a s1x day on, six day off rotat:' n, the farmers would

have up to sm days to pump the water they requ:Lre Under’ such 1deal.

crrcumstances Table 4 l 11sts the requlred ,dlscharge

However, when factors such as multlpl: users o a":";single pump,'

1rregular rotatlons, and low meska water levels _due torupstream ptmlplng

are oonsldered a mmlmum dlscharge of ”50 ubic meters per hour is

requlred. 'I‘he dlscharge of the sakla,‘ __:‘utlllzed pumpmg device

in Egypt ranges from 50 to llO cub1c meters per',f:hour dependJ.ng on size.

(4) Wahby, Hassan, Gene Quenemoen, and M. Helal, A__Procedure for

y Pro-
ject Technical Report No. 7, Egypt Water Use and Management Pro-
ject, Colorado State University, 1982.



‘Table 4.1
" Required Irrigation Pump Discharges

425 m3/Fed
14 hrs/day

425 m3/Fed
12 hrs/day

425 m3/Fed*
10 hrs/day**

Total area
irrigated with

one lifting device 6 days on***

1 Feddan
gpm
m3/hr

5 Feddan
| gpm
m>/hr

10 Feddan
gpm
m3/hr

15 Feddan
gpm
nP/hr

30 Feddan
gpm
m3/hr

60. Feddan
gpm
m?/hr

75. Feddan
: gpm

m3/hr

100 Feddan

gpm
ma/hr

‘212,50

31.19
7.08

1554
j"_:‘3}.5-:,_”“

.88
.

f437{§2?
106,25

1871.28.

425,00

3118.79.

708.33.

6 days on

25.99

5.90

125,95,

/88,54

779.70
177.08.

1559.40.
35417,

1949.24"

2599.00.
/590,28"

6 days on

22,28
506

668.31
151,79,

1336.63
303,57

*maximum required volume per irrigation
**hours of operation
*kkjrrigation rotation
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The pumps selected will most- probably be drlven by ammal power. or
by foss:.l fueled engines. The lack of a rural electrlc d1str1but10n
Qrid‘ eliminates electric motors as a near temm poss:.blllty However,
f_the significant cost advantages of electric motors over fossil fueled
engines would suggest that the electric drivers be ‘considered as a long
tem possibility.

Egypt is presently an exporter of petroleum. Her refining capabil-
ity is limited to low octane fuels. There are presently no catalytic
cracking refineries in Egypt. Diesel, gasoline, or kerosine drivers can
be used to power the pumps.

] i . !

The pump and driver will be operated in an extremely dusty environ-
ment. Wind borne sand will be prevalent in many areas. Repair facili-
:‘ties will be limited in equipment and dJ.stant from the fields. Tramed'
'j'vmechamcs are scarce but often mgemous., Farmer mamtenance must be

;:;fl.unlted to s:.mple tasks such as 0111ng and greasmg the pump and drlver.,

‘T"}Generally, the water will not be heav11y sedimented.

Ideally, the pump would be small and portable. 'I'he small farm
’fholdmgs, the divided nature of these holdmgs, and the dlfflculty of
G‘V:orgamzmg such holdmgs 1nto smale 1rr1gat10n um.ts hJ.nders the intro-
;ductlon of large fixed pumps, Preferably it would be a un1t t.hat could
;be manufactured in Egypt or at the least spare parts could be produoed
V‘m country. The cost of Egyptlan labor and Egypt's desue to buJ.ld an
':mdustrlal base would fac:.lltcte the introduction of an m—country built

‘pump ‘Repair and mamtenance would also be cheaper and faster.
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o ,

Fifty irrigation pump manufacturers worldwide were contacted and
asked‘if they had a pumping unit that would meet the above requirements.
Most of the manufacturers responded, but their response was disappoint~
ing;h‘VEry few manufacturers build pumps that were designed for such low
Opetating heads.

Generally, the efficienies of the pumps were very poor at such low
heads.A, The few pumps that were efficient, were not portable, and were
qulte large. These large pumps were expensive, and would require that a
large area be organized into a single irrigation unit. 1In Egypt this
would have been a very difficult task.

A computerized literature search was run for information on pumps
and pumping in developing countries. Little.technical information with
regard to pumps in developing countries was obtained. However, the
existence of a small axial flcw pump developed by the International Rice
Research Institute in Los Banos,‘ Philippines was dlscovered.‘ ‘SUhse¥
quently additional information on this pump was obtained from the Inter-
national Rice Research Institute (IRRI). It became apparent that thlS
pump was de51gned for 1ift, discharge, and operating condltlons 51m11ar
to those in Egypt.

~ The follow1ng sectlon w1ll descrlbe the sakia and the IRRI 6 1nch
ax1al flow pump.v These two pumps are the most unusual of the pumps con-
51dered in thlS analysls and the most suited for pumping in Egypt The
other pumps ,that are considered in this analysis are typical axial or
mixed flow pumps. No centrifugal pumps were considered because of their
extremely poor operating efficiencies at the low lifts encounteteo“ih
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Pump Data

The discharge head curve, efficiency, friction and form losses of
most of the pumps analyzed were obtained from information supplied by
the pump manufacturers. However, in the case of the IRRI pump and the
sakia, this data was not readily available.

An analysis of the discharge versus head data, and the efficiency
of ‘the sakia and the IRRI axial flow pump is presented 1n the follOW1nn
‘sections. For further information on the sakia, the reader should also

refer to the work by Slack on the subject. (5)

The Sakia
The sak1a is a sophlstlcated water wheel wh1ch 1s used to llft*

water from a dltch to a farmers adJacent fleld ; It 1s”th Amost pre-‘

‘valant type of water lifting device in Egypt where 52% of”%the Egyptian}
'farmers rent, share, or own one. ‘O
The wheel of the sakia consists of several 1nd1v1dual compartments

“3Each compartment

whlch curve 1nwards towards the center of the wheel,
has a large 1n1et at the outer c1rcumference of the wheel and an outlet
\at the hub of the wheel.-f These compartments are called kawadeis
(kados) and the number and shape of the kawadels Wlll vary from one
,sak1a to another.

As the sakla turns, a kados submerges and flllS w1th water.‘ .Then

as the wheel(‘iompletes 1ts rotatlon the fllled kados 1s ralsed ouﬂfoff

the water and the water trapped in it flows away from the 1n1et on thef

(5) Slack, Roger; The Volume Discharge and Mechanical Efficiency
of the Field Sakia, M.S. Thesis, Department of Agricultural’ and
Chemical Engineering, Colorado State University, 198l.

6) £ra 2000, pg. XII.2
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~f.1rvumference ©of the wheel towards the center outlet wh1ch 1s now‘

}lThe water ex1ts fromnthfioutlet

nat,thefhub of the wheel 1nto axvchannel wh1ch w1ll carry it to the
fields.
deay, sak1as are pr1mar1ly made of galvan1zed steel, and generallyfV

have d1ameters of 2 to 3 neters and 1nclude 4 to 6 kawadels.:‘Theyware”

usually dr1ven by cows or water buffalos but some farmers have 'repiaced
anlmal power with electrlc motors. Presently researchers at the Un1ver-
‘S1ty of California, Davis and the University of Alexandria are bu11d1ng
‘a hot air englne with which they hope to drive a sakia. ‘7):

The sak1a is an ancient machlne which llftS water w1th a good deal
of sophlstlcatlon. It is the only water wheel type 11ft1ng dev1ce whose
design does not require that the water be lifted s1gn1f1cantly above the
discharge elevation. Consequently the sakia has an efficiency of
approximately 45%. (8 While this efficiency is low ‘compared ‘to most
modern Kkinetic pumps, it is a significant improvement over all other
water wheel type lifting machines.

Roger Slack 1n a M. S. thesis published in fall 1981 reported that.

'the energy losses of the sakia are primarily caused by fr1ct10n, back-

flow, and over llftlng. Slack also noted that the dlscharg:‘of‘the sakia

can be s1gn1f1cantly decreased by small drops 1n the water level of the

d1tch from wh1ch it is pumplng. (9

b Kaminaka, M. S.; Garrett, R.E.; Majaja, B.A. Deyehm;mﬁu;gf__a

tions: Phase I. Department of Agricultural Engineering, Univer-
sity Of California, Davis. 1982

(8) Slack, Roger, "The Volume Discharge and Mechanical Efficiency
of The Field Sakia," M.S. Thesis, Department of Agricultural and
Chemical Engineering, Colorado State University, 198l1. pgs. 61,62
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These energy losses -and the sens1t1v1ty to 1ntake water levels fput

the sakia'at a dlsadvantage when compared?to some of‘the,modern k1ne}1c
pumps. However, the ease and speed w1th Wthh a sakla can - be repalred
in Egypt makes it, in the eyes of many Egyptian farmers, far less rlsky

than a modern pump.

We might imagine that it's (the sakia) days are numbered now
that modern pumps can do the work faster and sometimes also
more cheaply. The truth of the matter is, however, that the
sakia and noria are increasing in number; they are old
machines with which the peasant is completely familiar, while
the motor pump is a tempermental piece of machinery that makes
unprecedented demands on specialized knowledge or a well
filled wallet. (10)

The sakia's discharge can vary widely as a function of its size;

width, the -static lift, the speed at which it revolves, and how'weii it
is maintained. Both Slack in 1981 (11 and Molenar in 1956. (12)

however that the dlscharge of a 3 meter sakia 11ft1ng waterftpproxi-

mately one meter is between 72 and 75 cubic meters an hour. S
More spec1f1cally Slack reported that while there is con51derab1e
QVarlance in individual sakia performances, on the average a 3 meter

‘diameter sakia discharges 400 liters per revolution at a lift of 1 meter

(13)

‘and 600 liters per revolution at a lift of 0.75 meters, which is

oy

" ‘Slack, Roger, pg. 29.

53(1‘0)' Schioler, Thorkild. Roman and Islamic Water-Tifting Wheels.
‘Odense University Press, 1973, pg. 171.

A g1ack, Roger, The Volume Discharge and Mechanical EEficiency

‘of The Field Sakia. M.S. Thesis, Department of Agrlcultural and
‘Chemical Engineering, Colorado State University, 198l. pg. iii

(12) Molenar, A., Water Lifting Devices for Irrigation, FAO Agri-
cultural Development Paper No. 60, 1956, Food and Agriculture Or-

ganization, Rome.

(13) Slack, Roger, pg. iii
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t1vely,

these dlschargejiflgure
‘approx1mate1y 3 rpm as Slack reported.pxu,,f
(400 11ters/rev.) x (3 rpuo x (60 mln/hr) = 72 meters3/hr

(600 11ters/rev.) X (3 rpn) x (60 min/hr) = 108 meters3/hr

;reglon of Egypt to another. The ma]orlty of Slack's data 1s fromxthe
;Kafr El Shelkh region., Consequently reglonal average sakla dlscharges
nay vary slightly from Slack's measurements.

The IRRI Pump

No head dlscharge curves were avallable for the IRRI 6 1nch ax1al
flow pump. Data from an 1n f1e1d pump test of the IRRI pump was ava11-
ahle. (15) Dur ing th1s test 9 separate one hour runs of the pump at
statlc heads ranglng from 1. 06 to 2 88 meters were conducted over a
perlod of several weeks. The pump was powered by a 5 HP gasoline
engine. Statlc head, dlscharge, and fuel consumption were measured dur-
ing these trlals. Using this data .an equatlon for the statlc ‘head -
dlscharge relationship was derlved and used to extrapolate discharges
for a range of static heads from 0. 5 neters to 2 5 meters.

Dﬁuyed_ms.chargs_ﬂgmtm‘

The equation is:

Static Head 13 535 - 3 257 Ln (Q)

(14)

(15) - International Rice Research Institute,’ Test ‘Report, - January
18, 1982

Slack, Roger, pgs.’ 15, 25
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“wheres
Static Head is in meters
Discharge is in litres/sec

vables listing the data from the pump test and ‘the values generated by

-the derived equatlon follow. Ihe der1ved curve\‘s ‘superimposed over‘they
iactual data and presented 1n Flgure 4. 4..
The pump test data, and the derlved curve do not prov1de total head

versus dlscharge 1nformat10n but only statlc head versus dlscharge data.

It should also be no‘ed‘that 2 ft to 12 ft long 6 1nch diamater HC

extenslon tubes an : ;;1200 ‘PVC“dlscharge elbow were attached to the
pump The frlctlon'andrformslosses caused by the extenslon tube and:

elbow, whlle not cons1derable, would also affect the discharge of theJ

1pump;
Approxlmatlons of the friction and form losses were determlned._
‘The fr1ct10n loses were approximated utlllzlng the Darcy Welsback fric-
,tlon formula, the drmensrons of the pump, the d1scharges and a frlctlon
coeff1c1ent Wthh is a function of the Reynolds number and the extensron
'tube materlal. L1kew1se, the form loss for the elbow was approx1matedf

utlllzlng standardlze form loss equatlons. In the worst case the formg

and frlctlon losses amounted to 20 cm of head.

| G1ven the difficult operating condltlons thed;pumps"w1ll“f;”‘”izﬂ
Jected to, and the likelihood that in many appllcatlons extens1on tubes
'W1ll be f1tted to the pumps, head losses 51m11ar to these would be’
experienced in Egypt. Therefore, the der1ved equatlon based on the
static head discharge data from IRRI W1ll be used to determine
the discharge of the IRRI _pumps for the. varylng static 1ifts. The



42

Table 4.2
IRRI 6 INCH AXIAL FIOW PUMP TEST DATA

Run. ‘AVérag’e Static WHP Fuel Consumption
- ‘_15' ' Q H Litres/Hr

o (L:Ltres/Sec) (Meters)

1 40.9 1.43 0.76855 1.5

2 39.3 1.52 0.78497 1.19

3 39.8 1.59 0.83156 0.95

4 26.3 2.85 0.98495 1.5

5 27.8 2.76 1.008 1.4

6 26.3 - 2.88 0.995 1.5

7 46.0 1.06 0.64 1.6

8 46.2 1.07 0.6495 1.4

9 45.9 1.07 0.64537 1.4

Sour:ce- ~ IRRI Test Report, January 1982, The International Rice Research
Institute, Los Banos, Phillipines.
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Table 4.3

IRRT 6 INCH AXIAL FLOW PUMP

DERIVED STATIC HEAD VERSUS DISCHARGE

Static Head
Meters

2.50
2.40
2.30
2.20
2.10
2.00
1.90
1.80
1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.95
0.90
0.85
0.80
0.75
¢.70
0.65
0.60
0.55
0.50

Discharge
Litres/Sec

29.61
30.53
31.49
32.47
33.48
34.52
35.60
36.71
37.86
39.04
40.25
41.51
42.80
44.14
45,51
46.93
47.66
48.40
49.14
49.90
50.68
51.46
52.26
53.0€
53.89
54.72

Discharge
Meters3/hour

106.6

109.92
113.35
116.89
120.53
124.29
128.16
132.16
136.28
140.53
144.91
149.43
154.09
158.89
163.85
168.96
171.57
174.22
176.92
179.66
182.43
185.26
188.12
191.03
193.99
196.99

WHP

0.97

0.93
0.91

0.85

0.36
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Fiduié‘4;4.f Derlved head discharge curve for the IRRT 6-1nch ‘
axlal flow pump.
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E J.rrpllcatlonv of thls 1s that there( is'a bullt-m 'head loss ‘adjustment  in

iv:the statlc llft value of the pump

No data which would allow the calculatlon of eff1c1ency is avail-
,__'.able on’ the IRRI 6 mch pump. Generally axlal flow pumps tend to have

::lower maxJ.mum eff1c1en01es than centrlfugal punps. However efficiencies

-l;m some axlal flow pump are as high as 85% under optimum operating con-

i“:‘drtlons. g

The "overall eff1c1ency" of an early developmental model of “the
*IRRI pump was reported to be 40% in the IRRT 1978 Annual Report (16)“'
‘No definition of overall eff1c1ency was g1ven. It is suspected that"
this value includes all fr:.ctlon and form losses throughout the length
of the discharge tube as well as the eff1c1ency of the. propeller.v If
this is so then this eff1c1ency 1s the ratlo between the mput brake‘-
horsepower (BHP) and the output water horsepower (WHP) where al'l. fr1c-
tion and form losses in the pump, mtake, and dlscharge tube have'
already been mcluded in the calculation of the water horsepower.

Recent reports on the IRRI pump. suggests eff1c1enc1es of 70% are
_poss1ble. ,(17) An eff1c1ency of 50% was utlllzed in: the computer model

'as a conservatlve compram.se.

(16) International Rice Research Institute, Annual Report for
1978, 1International Rice Research Institute, Los Banos, Philip-

pines, 1979, pg. 426.

(17 Personal communication with Marvin Parker, Rice Research and
‘Training Project, Ministry of Agriculture, Arab Republic of Egypt.
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Chapter V.
ECONOMIC BACKGROUND THEORY

De01sron makers, be they farmers or cablnet m1n1sters are always*
‘faced W1th a large number of press1ng needs and 11m1ted resources W1th‘
wh1ch to meet these needs. The dec151on maker must dlBtlthlSh whlch of
these needs are most important and which of the many solutlons proposed
wrll maximize the benefits of his limited resources.

Types of Costs and Benefits

When needs and solutions can be identified and quantlfled, econom—f
1sts have devised methods which aid the dec151on maker in determlning
the prlorlty of needs and the effectiveness of al ernat1ve solutlons.
These methods require that the costs of the projects and thelr expected
zbeneflts be determined. Con31derab1e care must be taken to 1dent1fy all
acosts ‘and beneflts and to insure that all are counted but none are

-gcounted tw1ce. Progects often impact people and 1nst1tut10ns outside of

;tﬁiw progect. In many cases these benefits and costs, called externali-
.;;es must also be identified, quantified, and considered in the
-analys1s.

It 1s hlghly convenlent to quantify all needs and resources in .
emonetary terms However, the attempt to reduce needs and resources to
umonetary terms is at best difficult, and at worst grossly misleading.
hThoSe aspects of the problem which can not be quantified monetarily are

called incommensurables, those that are unquantifiable, intangibles.
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Incommensurables would include lives lost, injuries and
illnesses sustained, national defense, other public goods such
as recreation facilities, and some externalities. Evidently,
incommensuraoles may involve economic or noneconomic values.
Their distinguishing characteristic is that they may be
readily quantified, but not in money terms.

Intangibles would include the effects of the project on such
things as social Jjustice, social harmony, personal freedom,
democracy, or aesthetics. These all involve values beyond the
econamic and do not exhibit even likely dimensions for meas-
urement, much less actual numerical values. (1)

It is the decision maker's responsibility to weigh the results ofv :

the economic analysis against the incommensurable and mtanglble aspects“

of the problem. If he does not perform this analysus his conclus:.on | "as -

to the worth of a progect may be flawed. Econcmlc analyVSJ.s“':does not
replace the functlon of the decision maker. It is only a tool wh1ch
| allows the decision maker to understaynd‘ more clearly»_the economic
aspects of the problems he is dealing with. R |
‘Time Value of Money

The majority of the economic methods utilized to éxamine inter-
temporal problems and their solutions are based upon the hypothesis of
the time value of money. Simply stated, "a dollar now . is worth more
than the prospect of a dol].ar next year or at some later date." (2) This
“ijvhypothesm does not address the questlon of mflatlon but the return
'éobtamable by the productlve investment of capltal " (3)

(1) Sassone, Peter G.; Schaffer, William A., Cost-Benefit
Analysis, Academic Press, New York, 1978, pg 166

(2) Grant, E. L.;Ireson, W. G.; Leavenworth, R. S., Principles of
Engineering Economy, John Wiley and Sons, New York, 1982, pg. 30.

(3 jpia.



real '(terest rate, would be 6%.;

Ihe moral validity of obtaining a return for the productive 1nvest-§
ment of capltal is commonly accepted in many soc1et1es including Egypt 3
The Koran for example "does not question either the contrlbutlon capatal}
can make to the production of new wealth, or the Just1f1catlon of people;
who own capital to benefit from its productlve use." (4) What 1s oftenf
objected to is the idea of a f1xed return on capltal regardless of the;
success of the investment.
Discount Rate

In general, most methods of 1nter-temporal economic ana1y51s assume”
that on the average a certa1n amount of beneflt is gained from the pro-}
ductive use of capital and utilize that average benefit in their
economic analysis of a problem. This factor, the discount rate, allows
the time value of a resource (money);to be quantified. The discount‘
rate does not 1mply a flxed rate of return on every 1nvestment, no;

matter what the consequences of the 1nvestment, but enables‘_uS"toj

express future costs and beneflts in: terms of presentcvalues.aﬁwlthlnf

the context of state investments:

The correct discount rate, which we shall term the social
discount rate, is that rate which, when applied to future
costs and benefits, yields their actual social values. In
other words, the proper rate is the rate at which society as a
whole is willing to trade off present for future costs and
benefits. (5)

(4 EWUP Draft paper-Skold etc and personal communication with
Muslim students at Colorado State University. .

(5) Sassone, Peter G.; Schaffer, william A.,




However, 1n practice"'translating thlS definition 1nto a numerical

value 1s often d1ff1cult andocontrover51a1., The problem 1s twofold flﬁ

Wthh of the many conceptually d1fferent methods accurately measuresythe

soc1a1 discount rate? Each of the conceptually. d1fferent,methods‘
usually generates a range of values.

The determination of a discount rate for private 1nvestment is only
islightly less controver51a1. Some experts argue that the bond market
Lrate is an appropriate private d1scount rate. Unfortunately, there is a
;multitude of different bond rates because the risk of default on a bond
svaries from one bond to another. Other experts would 1like to add a
vprenium for taxes to the private discount rate. (Sassone and Schaffer
provide a detailed analysis of the differentvdiscount rates.) (6

'The reason such controversy ‘eriSts over the discount rate is
because of its critical role in the determination of which of several
projects is economically preferable. The ranking of the alternative

projects in a cost-benefit study is a direct function of the discount

rate chosen. Economic analyses identical in all respects except the

4discount rate, can arrive at d1fferent conclu51onsi bout the same pro—
[Ject. A low discount rate wrll favor pro:ects Whose ne d” v ‘I,.jtg
begin until far in the future. A high discount“rate will. favon'prOJects
JWlth more 1mmed1ate benefits.

For example: Two pro:ects, X and Y each"‘initiallmf‘“'” 850 anc

'have 5 year lives. Pro:ect x shows an‘annual net-benefit beginning 1nf

fthe<f1rst year of $15‘ while pro:ect Y does not show

gt year ‘when - 1t shows a ne

(G)Sassone,Peter G.: Schaffer, William A., Chapter 6.
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d1scount rate of 10% was chosen, the net present_value of: pro:ect 'x

$6.7 while that of project ¥ equals -0.33. With this discount ra

project x 1s superlor to project Y. On the other hand 1f a dlscountf
rate of 2% was chosen then the net present value of project X would be?
$20 70 and that of project Y would equal $22 46. A decrease 1n thel
dlscount rate has caused project Y to become preferable to progect X.;
The lower d1scount rate has favored the project whose beneflts do noti
begin‘untll the far future.

A rev1ew of the benefit cost analysis literature reveals that actu-"
ally the ch01ce of a particular social discount rate is usually avolded.'

Instead, either a sensitivity analysis of the 1mpact of a range, off

values is performed or a rate is specified by the de01slon maker.i Ini

the later case, the rate spec1f1ed may reflect 1nfluences other than a5
concern for an accurate measure of the true social dlscount rate, ~ .
tlnger faces this problem with a refreshing frankness.
In practice the rate chosen is simply a rule of thumb: 12
percent seems to be a popular choice and almost all countries

seem to think it lies somewhere between 8 percent and 15 per-
cent. (7)

E i Lif

Economic analyses compute the beneflts and costs of each problemi

and the1r respective solutlons across the1r econanlc 11fe. Often the&
econom1c 11fe of a plece of equlpnent or a project is far shorter than
it's wear out life due to technological advances. These advances can
’render solutions to recently adopted problems obsolete and excessively

cOStly. However, water lifting tends to be "characterized by slow rates

W’ Gittinger,J. P.; Economic Analysis of Agricultural Projects,
The International Bank for Reconstruction and Develorment, John
Hopkins University Press, Baltinore, 1972, pg 90.
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ll (8)

:of * technological- change. As the pumplng equlpnmmt that w1ll be con-“

?51dered in th1slipaper 1s presently state of the art 1t 1s hlghly'
" i 1s:equ1;nent will be technlcally obsolete prlor to whenf

flt ‘wears out.fj Consequently, it is appropriate to assume that 1n thel

conter'fof%low 11ft pumplng the econamic 11fe of a p1ece of pumplng
'machlnery W1ll be its wear out life.

Unfortunately, 11ttle 1s actually known about the wea,f o

pumplng machlnery in the harsh env1ronments often Mencountered 1n?

development schemes.

It is an unfortunate fact, however, that textbook estimates of
useful life are often used in project analysis without regard
for what is known of previous evidence about an investment's
actual 1life, or for prevailing conditions which are likely to
affect the length of life of the proposed investment.....the
productivity of irrigation works has decreased fairly rapidly,
and the useful life of many investments in this area has been
far less than the standard values attributed to such invest-
ments in standard references. (9)

HWearout Life
The wear out life of low lift pumplng equ1pnwmt is a functlon of

many th1ngs 1nclud1ng, the quallty of malntenance, the avallablllty of

'h‘iiClean fuel supPlies, 1°W suspended sedlmen
i 'i'f the or191nal equipment - and, thevnature of. the’ éké@tﬁé

:egulpm tpperforms
‘Whlle'performlng a survey of - pumpsets 1n Mlddle and Upper Egypt 1n

1980 thlS author and his W1fe dlscovered problems in all of the above

(8 Wahby, Hassan, Gene Quenemoen, and M. Helal, A__Procedure for

: e o) A ~Pro-
ject Technical Report No. 7, Egypt Water Use and Management Pro-
ject, Colorado State University, 1982, pg. 3.

(9 EWUP, Preliminary Draft, Feasibility Studies and Fvaluation of
Irrigation Projects, July 1981, pg. 19 ‘
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mentloned areas.} The Egyptian farmers and mechanlcs were resourcefuls

enough to be able to repair most of the pumps._ Fourty and f1fty yearf

old'operatlng pumpsets were not uncommon. However we ~suspect. that the}

eff1c1en01es of most of these pumpsets were poor.

There are two fundamental problems in determining the wear . out “i’
of a pump.v Flrst, pumps are often evaluated 1n qualltatlve not‘quantlf j
1able terms.: The pump lifts water or it doesn't. te S
where energy ‘costs are not representative of world energy prlces,'the}
questlon of how much energy it takes to raise the water is not asked.;
Pumps rarely breakdown, they simply consume increasing amounts of
energy. Secondly, the consequence of this qualitative perspectlve 1sh
that' a clear definition of the criteria for determining when a pump is
worn out does not exist. One approach could be based upon eoonomic con-
ditions. A pump could be deemed worn out when the cost of pumping with
it becomes higher than the cost of pumping utilizing a refurbished"or‘
alternative pump.

Bqually important is the question of perspective, whose costs ;andj
benefits is the analysis concerned with? The economic impact of a
development scheme is not equally felt by all. Different costs and

benefits accrue to different individuals and entities. Consequently the

perspectlve or point of v1ew of an economic analys1s w111 deflne‘ the

categories of costs and beneflts. In many countrles these costs and

benefits can be distorted ard a project evaluated from two dlfferent;
perspectives will generate contradictory conclusions.

Many countries subsidize a farmer's cost of energy products ‘such as'

diesel fuel or electricity. Consequently the farmer could‘pe e1ve hlst
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:vpumpmg COStS tO be lOW Wthh WOLLLd encourage n1m to. mcr ease n1s USG OIZ‘

imechanlzed pumplng.: On the other hand,‘from a nat10na1 perspectlve, the
ifarmers pumplng costs are perceived to be much higher because the actual
;and not the subsidized energy costs are considered. From a national
'perspectlve, mechanized pumping may not be economically justifiable yet
Ethe d1stort10n of cost and beneflts encourages the farmer to increase
mechanlzed pumping. Contradictions such as this can paralyze planned‘
V conomlc development.

The economic analysis of a project reflects the profitability

of the project from the viewpoint of society as a whole: that

is, whether the project makes the most efficient use of the

nation's resources ir producing national income. It is con-

cerned with the flow of real resources, therefore transfer

payments are excluded. Also in the analysis, resources are

valued in terms of their opportunity costs, which may be dif-

ferent than their price in the market. (10)
Such studies assume that a course of action favorable to the economics
nof the country as a whole will in turn be favorable in the short term to:
ithe 1nd1v1duals within the country who will be expected to carry out the'
fproposed program. Such an assumption as was Just 901nted out, can be
Pfalse. A distinction must be drawn between the economlc v1ab111ty of a
ﬁprOjec“ from the perspectlve of the country or reglon as a whole, and‘
the £inancial 1mpllcat10ns of the progect on an 1nd1v1dua1 basis.

A financial analys1s of a progect from an 1nd1v1duals perspectlve
analyzes the profltablllty of that 1nd1v1duals actlons whlch are
nnpacted by the progect on a year to year basis. Was the prof1tab111tyi

or satlsfactlon of that person year by year increased or decreased by

fthe progect? A prOJect with a sound economic return can fa11 1f the

(10) Brown, Maxwell L., Farm Budgets, The World Bank, The' John:
Hopklns University Press, Baltimore 1979, pg. 8.
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the 1mplementatlon of the progect.
‘Farmers Objectives

A further cons1derat10n. whlch '1ncreases _the complexlty ‘of. ’the

individual's 1ncent1ve is: that ",ple 1ncreases 1n an 1nd1v1dual'
fit may not' be suff1c1ent tofguarantee hlS partlclpatlon in the 1mp e—
mentatlon of a progect. Brown, suggests that "family satlsfactlon" 1s
oftenuthe crlterlon:by:whlch farmers measure the benefits.of a ,partlcuﬁ
lar action and that an increase in farm family satisfaction is not
always generated by an increase of the farm families' profit.

Realizing a profit on the sale portion of the crop is impor-

tant, but maximizing profit is not always the overriding con-

sideration in allocating resources. Increased profits

increase family satisfaction only to a certain degree. At

some levels profit maximization might be secondary to family

satisfaction, and enterprises and productive processes that

allow the family greater security and satisfaction might take

precedence over those that are more profitable. (11)

The question of family security and satisfaction is particularly
‘appropriate in Egypt. Family ties, extended families, and the
1nd1v1dual's responsibilities towards his/her family are a strong domrk
«1nat1ng force in Egypt. The 1nd1v1dual is- subserv1ent to. the famlly 1n
.Egypt The individual who accepts rlsk is- percelved to have 1mposedy
that rlsk upon his family and placed his welfare above that of h1s fam-f
\11y Naturally the willingness to accept risk is reduced, - and as alli
v1nnovat10ns are to some degree a risk, the willingness to accept 1nnova-1

,tlons~1s‘1n.turn somewhat decreased.

), “ Brown, Maxwell L., pg. 10.
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out11ne the family 1mpacts that the developm)ntkmof ;mechanl ed pumplng

mlght initiate.

flmpllcltly or exp11c1t1y establlshed by government, the poss1b111t1es of
1contradlct10ns between the economic welfare of the state and that of the
individual must be considered. This suggests that a f1nanc1al analysis,
yas deflned previously by Brown, is a necessary part of an economic
analy51s of mechanlzed pumplng in Egypt

Technlcally, flnan01al analyS1s addresses a large number of ques-‘

«tlons w1th a sophistication unnecessary here. A br1e 1s/ys51on of the.

;two klnds of financial incentives most 1mportant to “most“ farmers fol4:

lows.

By far the most important (incentive) for most farmers is the
farm family net benefit - the home consumed production plus
the net cash income after repayment of interest and pr1n01ple
~ which will be available to the farmer if he part1c1pates in
the prOJect.... A second kind of incentive to take part in a
project is the return a participant can expect to realize on
the capital he invests. For a small farmer of course this may
be a relatively unimportant consideration since he may contri-
bute very little or even no capital to the project. (12)

Analvsis T ]
This paper will examine the costs of low lift pumplng 1n Egypt f om_

two dlfferent perspectlves. The first perspectlve W111 be that ofrthe‘

ysoc1ety as a whole._ Without assumlng who 1s 901ng to pay fo’ the: pump-

| r(12) Gltflnger, Je P., pg. 142.
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mg thls perspectlve 1s utJ.llzed to determine if the country is making

“ "the most eff1c1ent use of the natlon s resources in producmg national

-‘mcome'»'. The result of an analysis utilizing this perspective is often
'calied'the "economic cost.”

From this perspective all costs must be calculated in terms of the
international opportunity costs of equipment and energy. As an example,
the- cost of diesel fuel would be the price that Egypt would receive on
the ihternational market for that fuel. The rurpose in choosihg this
‘perspective is to allow the decision maker to compare the economics of
low lift pumping within an objective reference system which is theoreti~
cally not subject to the price distortions often found in any particular
country.

The second perspective will be that of the farmer, how much does it
cost him to pump water. Previously we have been concerned with analyz-
ing whether a project would be beneficial from the perspective of the
economy as a whole. We must be equally concerned with the incentives
'the* pr'oject provides those ihdividuals and entities which are expected
Yto partlclpate in the progect. Are the incentives sufficient in size
vand de51gn to el.'l.Clt the klnds of actlons that are necessary for the
:;success of the pro;]ect?

F:mally, in thlS analysiti“'i‘ becaus "’"all '*"the alternatlve pumping dev-

,“_1ces are assumed to prov1de -thesame beneflt, that device which costs

fthe farmer the '-least'i"to buy%an operate,« ,111 prov1de the most family

}benef 1t and returns on investment.
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Chapter VI

ANALYSIS METHODOLOGY

‘A methodology must be selected with which we can evaluate the

,ecoynanic and financial cost of the alternative pumping systems. The

task is simplified somewhat because we are comparing mutually exclusive

technologies '"performing essentially the same function but which have

different cost streams." (1)

Net Present Value

Generally the net present value (NPV) criteria is the most widely

accepted method of analyzing the economic merits of a series of alterna-

tive projects.

The net present value method reduces a stream of costs and
benefits to a single number in which costs or benefits which
are projected into the future are "discounted". (2)

The equation for the net present value of a project is:

By -C -C B, -C B, ~C
1+ Q+a Q+at  Q+at

‘where:
C. is the value of costs incurred at time t,
Bt is the value of benefits incurred at time t,
‘;(1.) :Gittinger,J. P.; Economic Analysis of Agricultural Projects,

The International Bank for Reconstruction and Development, John
Hopkins University Press, Baltimore, 1972, pg 123.

(2 Sassone, Peter G.; Schaffer, William A., Cost-Benefit
Analysis, Academic Press, New York, 1978, pg 14.
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da i‘s the :discount. rate,
n'is the life of the project
Annual Cost
To further smtpllfy the analys1s, the beneflts accru"”" “'to ’each

pumping system be1ng compared w1ll be oons1dered to be equ1valen
sequently the net present value method can be mod1f1ed by_ < : let1ng 3 the-
annual beneflts that accrue. : Only the annual costs of the d1fferent
pumping alternatlves need then be con51dered. Therefore the alternative
W1th the lowest present cost w1ll be the econamically preferred solu-
thl'l. This method is knownas the present cost method (PC). Its equar
tion ig: | |
= =0 .0 — 1+ St = s Cnn

1+a (1 +d)" 1+a- A+a-
where: -

C, is the value of costs incurred at time t
di‘is:t'he' discount rate

'Ihe*ipresent oost of a pumping system can also be represented as a un1—

| form,‘; annual cost (AC) during the life of the ptm\p system. Sassone‘ and

Schaffer_argue that "this criterion is formally equivalent to the net
‘present:‘ va] ue method w (3)

The advantage of an annual cost method: (AC) over the present cost
method is that T"generally speaking, people seem to understand annual
‘costs better than they understand present worths. " ‘(4) The equatlon mr
the annual cost method is:

(3) Sassone, Peter G.; Schaffer, William A., pg. 19_,

(4) Grant, E. L.;Ireson, W. G.; ...ectvenworth, R. S.,
Engineering Economy, John Wiley” and Sons, New York, 1982, pg. 105, .
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=/PC " 3 t’”
t-0 (1 + =)

:where::

is he value of costs 1ncurred ‘at’ tlme t

d is'the. d1scount rate

A problem ith”the}annual cost and present cost approach is that

th.' the d1fferent pumping system alterna ves have the‘

same econanlc operatlng llfe. When they do not, the canparlson of the

;present costs _of i the alternatlves must be made over a period of years
“whlch 1s the least canmon mult1ple of the lives of the alternatlves.
'However, , 1f it 1s assumed that the "replacement assets w1ll repeat the

(5)

costs that have been forecast for the 1n1t1al asset," and present

}costs are transformed into un1form annual costs, then the least common
mult1ple does not need to be found As the replacement costs are
‘assumed to be the same as the 1n1t1al costs, then the umform annual
cost of an alternatlve 1n 1ts 1n1tial cycle will not change durmg its
subsequent 11fe cycles.

'I‘hls assumptlon is not as, r1d1culous as 1t mlght f1rst _Beem, o The '

‘operatmg 11ves of the pumps that wﬂl be analyzed 1n thlS study range"

fr four to twenty years., At most fJ.ve life cycles of one pump ‘would

v-occur durmg the llfe cycle of another pump. Because the technology and

f/’materlals that are employed -in’ these pump s de51gn and fabrlcatlon
5 ver ; there 1s llttle reason to suspect that the replace-

ment costs of the pumps, espe01ally those with the shortest life cycles,

(5 Grant, E. L.;Ireson, W. G.; Leaverworth, R. S., Principles of
Engineering Economy, John Wlley and Sons, New York, 1982, pg. 83.
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will change slgn1f1cantly.’ Furthermore';1f“'odr1nstance the rep&acement1

cost of a pump w1th a f1fteen year operatlona 11fe changed by th1rtyé
awould be less thant

percent the net change in the un1form annualfcos_,

4.5% assuming a discount rate of 12%.

The uniform annual cost methodology””"”'”('”"‘" j
ana1y51s because un1form annual cost“ _
to the general reader than other analytlc methods.;
CQSt_IdentiﬁiQatiQn_ThEer

- Identifying the benefits and costs of a progect requlres a careful E
analys1s of the impact of the progect upon the progect s intended bene~
f1c1ar1es. One aid in this process is to ask what the impact would be
w1th~and w1thout the project.

The difference is, in general, the net additional benefit

arising from the project. You can then proceed to verify that

the specific costs and benefits that you have identified do

add up to the difference "with" and "without" and that none

are missing. (6)

Another method of identifying benefits and costs is to search forf

goods, serv1ces, and people affected by the proposed pro;ect.iv 572L1Thef
task 1s not easy W1th either method. Care must be taken to.ensure that?

beneflts or costs are not counted more than once 1n the attempt to coverr

allilobjectlves of the progect. Addltlonally, not everythlng that mught‘
at f1rst appear to be a cost or benefit should be considered in the
analysls. Previously the d1ff1cu1t1es of handling incommensurables and

intangibles were discuSsed. In addition, the external and indirect

(6)
(7)

G1tt1nger,J;’
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effects of a project further ccmpllcate “the:- task . of . identifying. the
costs and beneflts of the progect.

mze_c.t_and_lndu.es:LEffegts

Dlrect effects are the intended 1mpacts of the pro:ect on. 1ts

1ntended recipients. As an example, a dlrect or prlmary effect of a{

al diesel driven pump.
Bn indirect effect might be the increased income due to “increased |
'fue;Vsales, nf the local diesel fuel merchant.
"Secondary or indirect benefits ‘reflect the impact of the
project upon the rest of the economy' (Eckstein, 1956, p.
154) . The term is normally applied to ‘the increased incomes

of various producers... that stem from ... projects' (McKean,
1958, p. 154) (8)

Gittinger identifies 3 types of economic effects which are  often:
-called secondary or indirect effects. They are;

1. Forward and backward linked "induced". effects.

2. Those due to scale econcmles.}_

'3;;ffnynam1c secondary effects.‘,ﬂ'

The later ‘two types of secondary effects are usually cmltted from;
émost econcmlc analyses because of the extreme d1ff1cu1t1es encountered'
fwhen trylng to evaluate them. |
While it may be true that in terms of the economic development
aspects of public investment the scale effects and dynamic
effects hold the greatest potential for large scale impacts on
the economy, they are by nature so difficult to evaluate that

few attempts have been made to deal with them empirically.
(9)

® )ysassoner Peter Gei Schaffer, WilliamA., Pg. 36..

u{G;ttlnger,J},P., pg. 123.,
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In this analysis, only the forward and backward 11nked or "1nduced"{
effects will be cons1dered. Throughout the dlscusslon that follows the:
term seconddry effects will refer only to these "1nduced" effects.

Generally secondary benefits or costs are addltlonal employment or¥

unemployment resulting from a project's economlc 1mpact upon the sur-i

roundlng reglon. Often the d1st1nct10n between prlmary -and- secondary;

effects is confused. An example of a secondary effect would be the;

1ncomeﬁlost by the sakla maker when his sales fall due to a SW1tch_uttp

some other k1nd of water lifter. His loss is hlS nelghbor s ga1n who;
happens to sell the ‘now more popular water. llfter. On the other handi
the 1ncrease 1n m1lk productlon of a cow when not requlred to drlve a;
sakla 1s a d1rect effect which results in an’ increase in the farmer s:
1ncome.:. Prlmary or dlrect effects tend to be things that relate to the
efflclent use of 11m1ted resources. Secondary effects tend to be things
Wthh 1nd1cate a change in the distribution of economic benefits and
costs.

The argument for including secondary effects is based upon the con-
cept that an increase in the income of a project's participant will
resultqln 1ncreased consumption by that participant. To »supply this
1ncrease 1n consumption additional material and labor must be employed.d
In turn, the consumpt1on of this newly employed labor 1s 1ncreased and}
the - cycle repeats itself. This is sometlmes called the mult1p11er:
effect of a progect investment.

Secondary benefits are popular because they can con51derably
enhance the attractiveness of prOJects wh1ch otherW1se are econanlcally
infeasible. However, most of the wr1t1ng by economlsts on the subject

suggests that these secondary beneflts should not be included in a pro-
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vject ana1y51s unless the perspective of :the: analysis is regional ‘instead
lof natlonal.

If an ideal market- economy’feXiSts where all prices accurately

represent the marginal ‘value of the product, all material and labor
-resources will be fully employed. An increase in the demand for a pro~
duct would then be reflected by a change in the marginal value of the
product and in turn a change in that'product's priceQ ? . all resources.
rare already fully employed the ‘increase in the demand for a product~
‘would result in a transfer of resources away from another product. In
rthe ideal market econony there has not been an increase in economlc,
;act1v1ty or goods, but a transfer from one area to another.
o - Generally, however, most developing natlons do not approach. free
market economies with full enployment of resources and prlces th.Ch mJ.r-:
ror the marginal cost of productlon. In such 51tuatlons "pro;ect
investments can lead to benefits not 1ncorporated into an- analy51s based
(solely on market prlces.' (10) - However, 1n such 51tuatlons additional
stlpulaflon must be met before secondary beneflts can be 1ncluded, 1.e.,f
;that the unemployment or underemployment must exist for the ent1ref
length of the project. Sassone and Schaffer argue that;

The hazards and uncertainties associated with projecting long

term resource unemployment are such that the measurement of

secondary benefits in a national cost-benefit analysis is not

warranted. (11)

There is a strong possibility that there is some underemployment of
resources, particularly unskilled labor, during intervals in thegcropﬁ
:(10) G1tt1nger,J. P.; pg. 26.

(;l) Sassone, Peter G.; Schaffer, William A., Cost-Benefit.
Analysis, Academic Press, New York, 1978, pg 39.
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,seasons 1n rural;Egypt;5 Consequently, the questlon of secondary: ben’?;

f1ts and costs rls:germane.‘ Rather than employ cons1derab1e resou es;
-trylng to. quantlfy the nature of these benefits and costs, and risk the_
yleg1t1macy of the remalnlng analysis by thelr 1nc1u51on in the formal
sumnatlon of the costs of the various pumplng-alternatlves, the secon#
dary”benefits will be identified and 1listed separately.

External and Internal Effects

Internal effects are those which affect the project and'its"parti%'
cipants. External effects affect people outside of the project;.‘An‘
internal effect of a drainage project would be the improved drainage fof
the progect land or the reduction in the need for drains through better{

management of the 1rr1gatlon water appllcatlon. An external effect of

the ‘same pro:ect m1ght be the add1t10na1 dralnage water Wthh a: farmeré

downstream'on the dralnage canal can now use for supplementary ’1rr1ga-{
tlon.

External beneflts thus may be deflned as beneflts 1nvoluntar11y§ﬁ

recelved,fby others for Wthh they pay nothlng. External costs are S1m1-€

.1ar1y defined as costs imposed on others without compensation. Oolleqajl

t1ve1y, these external effects are often called externalities. Theylareﬁ;

neither deliberately produced nor deliberately consumed. (12)

mechnological and Pecuni ternalit]

Externalities can be further categorized as technlcal or pecunlary;;

Technologlcal externalities result in a real change in resourc al
_tlon.' For example, a land reclamation project located above a. rive
valley applles so much water to leach salts out of the top s011 that the?

(12) - sassone, Peter G.; Schaffer, William A., Cost-Benefit’
Analysla, Academlc Press, New York, 1978, pg 33.
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f1elds 1n the valley are flooded w1th h1gh1y sallne water. The quallty
of the 5011 and the crops planted 1n these valley f1elds are damaged by:‘
the salt and consequently the loss of 1ncome that those farmers will
suffer because of this damage is a technologlcal externality. Consump-
tion or production opportunities outside of the project have been
changed. Because real change in consumptlon or production opportun1t1es :
out51de of the project has occurred, technologlcal externalltles must be'
1ncluded in the summation of the beneflts and costs of a prOJect.
Pecuniary externalities however, are the financial effects of the
~market adjusting to a project's inputs and outputs. For mstance,f
“}several farmers in the past have rented cows to drive the sakla' from‘é
another farmer. Now these same farmers ‘have bought a d1esel dr1ven pump
" and 80 d.; not need to rent the cows any longer. The farmer who owns the
COWS  no »longer receives the rent. money. H1s income has been reduced,
but his lost income should not be considered in an economic analysis of
the ‘farmer’s pumping project. He st111 has h1s cows and he could employ
‘them 1n some other task, such as producmg more mllk. Pecuniary exter-

’na11t1es, because they do not':represent ~real changes in resource alloca-

tlon should not be J.ncluded 1 eoonanlc analysls
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Chapter VII.
- COST CATBGORIES -

Eherearegemrallyfourkmdsofdl rect or primary costs in. agriz-
cultiiral projects. ¥
A. Gg‘ods‘ and servigeg‘?:!
+ B. Labor
C. Land
'D. Taxes and subsidies
Within these broad categories the costs.of operating a lov lift pump can
be further detailed.
" Under the general heading of goods:and servites the following costs:
have been identified.
1. The present replacement cost of the ‘pump and dr1ver in
Egypt mcludmg mstallatlon.‘
2 ,'I'he cost ‘of energy.
3 The’ expected repair and maintenance costs.
4 ‘The cost of oil and grease
5 'I’he wear out life and salvage value of. the' pump and

drlver- |

(1') Glttmger, J. P.; Economic Analysis of Agricultural Projects,

The International Bank for Reconstruction and Development, John
Hopkins University Press, Baltimore, 1972, pg. 15.



The present replacement cost of the pump and driver is often Giffi-

cult to determme. Those pumps and drivers that are available in Egypt

W111 be valued at their Egyptian present cost. However, several of the

pmups and‘; drlvers that are considered in this analysis are presently

able"'ln Egypt These ‘pumps, if they have been prev1ously bullt

1n ;thJ.rd fiworld oountrles, w1ll be valued at their present cost 1n thef
countrles where they are currently being produced. the costs of
producmg them m Egypt will be estimated. It is assumed that a pumpset
bIJllt in any of the thJ.rd world nations can also be bu11t 1n Egypt at
comparable oosts. All other pumps and drwers unavallable in Egypt are
valued at the1r Umted States quantlty prlces.

There is some speculation that certam of the pumps and drlvers‘
presently imported into Egypt are bemg sold at subsidized prlces. It
is asserted by some American pump manufacturers that the governments of"
certain countries, in order to build markets for their exports, subsi-.

dize the cost of their pumps and englnes imported into Egypt. While
';jthis may serlously impact the American pump manufacturers ab111ty toi
I remam competitive, the apparently subsldlzed prices still renain an':
’.accurate measure of the cost of these pumps in the near future to the:
'Egyptlan eoonomy.

Sane pump setups will require 1n1t1al constructlon such as pumpmg
platforms, ,_ dlscharge bays, pumplng houses, or electrlcal mstallatlon
costs. Capital improvements will be included in the replacement costs
when they are thought necessary for the sucessful operation of the pump
Electrlcally powered pumps will be echarged indirectly for the
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cost of the rural electrlflcatlon grld ThlS cost w111 be included. "in-
the shadow prlce of the cost of electr1c1ty. !' |
Under the labor category the costs of the pump operators must be

quantified. The cost of land on whlch the pump and any necessary struc-
tures stand must be determlned.e Flnally, pump ownership taxes and the*

effect of sub51dles must be analyzed.y The costs that fall under“eac ‘off

these categorles w111 be dlscussed ‘and quantlfled 1n the follow1ng
chapter.
Enerqy Costs
There are. three types of energy utilized by the: pumps - under.: con-f
sideration in thlS study., They are:
(1) ‘animal power, either cow or buffalo used to drive.:
‘afSahiaf‘
;(Z)felectrical»
(3) petroleum based fuels
fherevhave been numerous studies on the cost of cow or buffalo
power. in Egypt. Table 7.1 lists the results of some of these studies.
Fiye of the latest studies were analyzed and the results of those stu-
dies will be presented. Estimates of the cost of cow-and buffalo power
utlllzed to power a sakia varied widely. They'ranged fromyLE. 3.17 to
LE. . 42 99 per feddan 1rrlgated per year.
lTThe w1de range in cost estimates is attributable to several factors.
llﬁ leferent studles utilized different economic cr1ter1a to
determine what an;mal costs were attrlbutable to‘thefuse;

of the animal,forfpumping water.



Table 7.1

"~ Bstimates of the Opportunity Cost and .
Pumping Time Requirements of Animal Labor

Total Cost Hours per year to |
(piastres/hr.) |irricate a feddan
FAO/World Bank - Estimate I ;
~Average feed cost 9.8 1 . 143
FAO/World Bank- Estimate II : o
-Meat/Milk loss © 169 _ 143
ERA 2000 R ‘ L
—Cattle meat/milk loss 646 198
-Buffalo meat/milk loss 6.8 ; 198
Berger International ; .
-Meat/Milk loss plus extra feed 176
El Tambadawy M
~Work less than 4 hr./day 78
-Work more than 4 hr./day 78
ERA 2000 ‘
-Market price for rental . 198
Dyer - Farmer Survey - 1979
-Market price for rental .. 87
Dyer
—Cattle meat/milk loss plus extra feed
Summer
Winter 1
-Buffalo meat/milk loss plus extra feed e E A
Summer | 1.8
Winter : 32.8
EWUP PIR #7 - Wahby u o
-Market price for rental 30.0 ' 100
EWUP SP #21 - Walters il 1 R
—Cattle meat/milk loss plus extra feed 3.28 . 1 +100¢
-Buffalo meat/milk loss plus extra feed |. 12.99 ‘ “100:

*table derived from Dyer

Note: 1 Egyptian pound (L.E.) is equal to 100 piastres.
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;2;. 'MQst of the studies assumed different annual irrigation water
fgeépi;ements, different sakia discharges, or significantly
;éifferent hours of animal labor required to irrigate one
feddan annually. Four of the five studies calculated the
‘the cost of animal power in terms of the cost of irrigating a
feddan for a year. The fifth study computed the cost of
ﬁanimal power in terms of the cost per hour of animal power.
All costs have been converted to both a cost per feddan
irrigated per yeatfand a cost. per hour of animal power in this
analysis.

53; Assumptions Va:ied“ebeut decreases in milk yields and
calving‘ratesfasiaifﬁhction of theeuse of a cow or buffalo to
pdwer'a sekia;{

4. Differing prices we.e used.when valuing the milk and calf
Lproduction.

ferentiate between the power costs

5- Several studies diafrv«hfnw

of cattle and those of buffale.
bble 7.2 lists the dlffertng cost estimates of the five studies
analyzed and indicates the various components of those estimates.
vahree fundamentally different economic methods have been utilized
te determine the value of animal power. A brief discussion of these
methods follows.
Incremental Opportunity Costs
‘Three separate studies utilized the incremental opportunity cost~‘e

techhique to determine the cost of animal power in Egypt.
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Table 7.2

~ COST OF ANIMAL POWER

In LE per Feddan/Year

#21
Buff.

EWUP

EWUP

#21 | Proj.

Cows

#7

ERA

2000

Louis

Berger

Dyer + Dyer

Buffalo Cow

Milk

{Loss

Calving
Loss

Extra
Fodder

Depre-
citation

12.50
0:2,_,_;4 )

0.0

260

0.15

0.0

0.0

| 11.794 | 5.699
| 2.676 |3.122

Rental
Rate*

0.0 |0

|Torar

LE/FEDDAN

12.88

3.17

20,43

12.98 |

42,97

Note :

year is assumed.

A discharge of 91.48 m=/hour and an»annual,water duty

Rental rate 1s L.E. 0. 30 per hour of 1abor.

,Dyer actually calculated a smnmer rate and a wmter rate 1n L.E.'

:'per hour of 1abor.

?respectlvely. :

}the w1nter, and 2/3 in the summer.

These rates were L E. 0 148 and L E. 0 328

It was assumed that 1/3 of the pumplng 1s done 1n'
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1. -"Water Lifting by Sakia: The Incremental Cost of Cow Power",
by Forrest Walters. Staff Paper No. 21, The Egyptian Water Use
‘and Management Pruject.

2. "Further Mechanization of Egyptian Agriculture," Era 2000,
USAID, March, 1979

3 "The Opportunity Cost of Anlmal Labor in Egyptlan Agrlculture [

| by Wayne Dyer.- Econcmlcs WOrkmg Paper No. 3, 'Ihe Agrlcul"ural
7 Development Systems Egypt PrOJect, Umver51ty of Ca11forn1a,

, Dav15.

}These three studles utlllzed d1fferent data sets and fundamentally

d1fferent approaches m determmmg the mcremental- opportu: ity cost

anlmal power. The derlved opportumty costs var1ed con51derab1y fr

,‘3 17 to LE 11.194 for cattle and LE 12 88 to LE 18 096 for buffal per.

'feddan 1rrlgated per annum.

of the cow to power the sakia 1s not the prmc1pa1 ut111ty of th c:owj

;but rather a secondary one. The farmer would keep the cow for_._“‘ ts
'and meat productlon regardless of whether he used 1t to power a sakla

not. Impllclt in this argument is the additicnal supposi tlon that the.

"farmer would keep thlS "partlcular" type of cow even if- 1t was not usedf
for pumpmg but only for meat and milk productlon.

'I‘he mcremental cost method does not charge the pmnplng operatlon‘

_?any part of” the annual fixed costs of the anlmal, nor the deprec1at10n-‘
“’of the ammal This results in a lo.v cost for ammal power.

Walters arqgues that the mcremental opportumty cost methodology 1s:
i'approprlate because;

The major reason for keeping the cow is for meat and milk pro-
duction and possibly for field power. Since a number of other
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means for lifting water (both mechanical and hand pumps)
exist, the task of lifting water is an "added" task given the
cow. As either the buffalo or baladi cow performs the task of
pulling the sakia (1) milk production declines, (2) additional
feed is required and (3) the calving rate declines.

The decline in milk production and calving rates represents
lost production =-- a lost opportunity (opportunity cost) to
produce. As a result, cne of the costs of operating the sakia
is the cost (opportunity cost) or value of lost production of
milk and calves. The other cost is a direct add on cost of
the additional feed required to supply the added energy needed
for working the sakia. (2)

The authors of the ERA 2000 report suggest several additional rea--
fsons in support of the use of the incremental opportunity cost methodol-

;ogy These include tractor and catt_e growth trends and an analysis

lwhlch' 1nd1cates that utlllzlng the cow or gamousa solely for mllk pro-e
:ductlon 1s extremely profltable. ‘3) They report that over the past'
rseveral years,

The rapid expansion in tractorization of Egyptian £arming
undoubtedly has freed many cows from draft work. bLuring that
same period, however, cattle numbers have continuea to
increase at a rate of 1-2 peycent per year. (4)

The ERA 2000 analysis of the profitability of raising and milking
cattle which are not used as draft animals indicated that;

A farmer would realize L.E. 27 per head per year from a non-
working cow gven if he valued the family labor spent taking

care of the cow at the 1977 average boy-day wage rote and con-*
sidered bank-rate interest a cost.

(2) Walters, Forrest; Water Lifting by Sakia: The Incremental
£EEEL.£&L.SK&L.ID&§L Staff Paper Wo. 21, The Egypt Water Use and
Management Project, Colorado State University, 1980, pg. 4.

ed States Agency for International Development, March, 1979, Pg.

VII.O.

(4 ipia.
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Under such circumstances few farmers are likely to sell - their

cows and huffalos when mechanization free’'them from farm draft

work. (%)

These statistics, while not conclusive, suggest that the farmer is
maintaining and even increasing his holdings df_cattlé\for reasons othet;
than their usefulness as draft animals. The use of cattle as draft
animals appears to be a secondary use which supports the basic premise
of the increnental opportunity cost methodology.

‘While the basic premise of the incremental cost méthodology appears:
to be satisfied the question must be raised whether the choice of cattle
breed is restricted by the draft requirements. It is arqued that the
demands pumping places upon the sow or buffalo prevent the adoption of
livestock with improved meat and milk production characteristics.
Theféfpre; an added cost, the cost of this lost production should be
‘chargéd,to,the use of the animal for powering a sakia.

‘Dr. Walters, in EWUP Staff Paper #68 published in the fall of 1981
suggééts that the water 1lifting chores of the cows does impede the
'improvement of livestock in the Kafr E1 Sheikh area in the Egyptian
delta.

In the survey area it does appear possible that improved

livestock could more easily be adopted if water lifting were

not required. Also, specialization in 1livestock could be

enhanced, since specific kinds of livestock would not be

necessary for the related work activities -- e.g., cows are

not required for the sakia. However the actual adoption of

improved livestock appears to depend heavily on individual

management initiative, and feed energy available from crop
residues. For this reason it is probably not valid to use the

"potential loss of opportunity of using improved livestock" in
cost comparison calculations. (6)

5) gra 2000, pg. VII.11

(6)

Walters, Forrest;
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‘Dr. Walters calculated that hen ' 't""’v'v"a’s”“”appropriat" ‘to’ include ' .a

13, 60 perf’

feddan per "year. CIE thlS cost 1s added to the prev1ously calculated"i

an:Lmal:' costs in BAUP Staff Paper #21 the cost on a per feddan basis of
usmg buffalo power increases to LE. 26 48. Almost doubling Dr. Walters_'
est:unate of the cost of animal power in EWUP Staff Paper #21. All other‘;'
cost estlmates would be tunllarly affected.

The var1at10n in the values of the opportumty cost of animal power
}in tnese three studles is a function of both d1ffer1ng data sets and
dlf; erent analytlc approaches within a common methodology. Even the ERA'
2000 ~study and the BWUP Report #21 whose values appear to be close,’
dlffer w1dely in the assumed farm gate prlces for milk and the decrease

1n m11k productlon of an animal being utilized to dr1ve a nump.

Dr"'Walters' analysm is based upon a compavlsonj_'_:'of the”"’ energyf:

fo :the mamtenance, and lactation of the an1mal ":.'M~A7" :comblnatlon of""
world averages and S1te specific values. were utlllzed to determme the:'

' ‘:Lmal energy requuenents.

ERA 2000 report is based upon loss ratios with which the yields

ofr' | nonworklng cattle can be adJusted to approx1mate the ylelds of work-

' mg cattle. +he report doesnot elaborate upon how these loss ratios

Abu Raya, Kafr El sheikh: Selected Indirect Effects of Water Dis-

tribution in Field Management. Staff Paper #68, The Egypt Water
Use and Management Project, Colorado State University, 1981, pg.

1.
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“’ed:”and utlllzes the reported yields

£ the Ministry' of

hgrlculture's research herds as thelr nonworklngfcattle standard;

Dyer, utlllzes econometrlc techniques to derlve an agrlcultural
productlon function based upon a survey of 120 farmers from the Sharkla
Governorate in 1977/78. This farmer survey was,carrled out by El Tanha-
dawy as part of his masters thesis. 7

'I'he 1ncremental opportumty cost methodology appears to b° an
approprlate tool for the evaluation of the cost of animal labor. Howh
ever, the wide range of values and the question of the opportunlty cost
of herd improvement evidence the difficulty of utilizing this or any
other cost methodology.

L tal C tunity Cost 1T iati

A second method utilized to calculate anlmal labor costs is ¢

ing the incremental opportunity costs. with the cost of depreclatlonﬁof
the animal;

A report prepared by the Egyptlan Mlnlstry Of Irrlgatlon ‘in- con-_
junctlon w1th LOUlS Berger Internatlonal Inc. suggests that the deprecl-
atlon of the capatal cost of the anlmal be added to the opportunlty cost’
of the losses of milk and calf productlon when determlnlng the cost of
animal power. (8) However, this inclusion of depreciation in. an 1ncrer.
mental opportunlty cost study contradicts the basic prenlse 0r thede
inczemental cost method. Both milk and calf production losses caut cd byif

7 El Tambadawy, Moustafa. "Economics of The Production and Mar® -

eting of Milk in The Sharkia Governorate." Unpublishe? Masters
Thesis, Zagazig University, 1979 ( in Arabic)

(8) Ministry of Irrigation, Mechanical and Electric Department,
Arab Republic of Egypt; Louis Berger International Inc.: Technical
and Economic Feasibility of Flectrifying Tertiary Pumping Means in
Middle and Upper Egypt, pg. 133



r‘echmcally, the deprec1ation of the am.mal can not be charged to'

3-fthe 11ft1ng of 1rr1gatlon water, unless 1t is assumed that a prJ.mary

r son for the farmer mamtammg th _,.ammal is to prov1de pumpmg
‘:power.; Th1s contradlcts the 1n1t1a1 assumptlon of the mcremental cost:
method whlch was that the use of the arumal to dr1ve a. pump was a secon-:'

dary use.

The probable mtent" ‘offthls ana1y51s was to try‘to av01dvthe‘7 asser-,f

m Unfortunately, charg*ng the entire deprec1atlon of the ammal to"f
pumplng distorts the costs of pumping and results in a cost of ammal‘
v'power that tends to be hich. Additional factors which caused the Lomsf
' Berger estimate to be hlgher are significantly higher m11k yleld reduc—ﬂ

tlons and hlgher market values for the calves than are found :Ln the"(f
,y_kovther studles. Fmally, the margmal feed costs are much hlgher than;{
'those of Walters or ERA 2000.

Rental Rate

‘The rental rate is another method that has been used.: to.: determine
‘animal power costs.

A rental rate of LE 0.30 per hour was utilized by Wahby, et al. in
*EWUP‘ “P’roject Paper #7. The authors of this report state that this rate
}was based on farmer interviews. They acknowledge the wide range of
:values -that are found in the literature, the implications of both high

?and'lo;v_ values‘ upon the further mechanization and development of



78

‘ Egyptlan farms, and 1nd1cate that they hope to be able to provide - addi-:
tlonal data on thlS questlon m the future.

An appendlx of EWUP Project Paper #7 sites another study of the"
cost " of animal power by Abdel Hady Abdel Bary Nasser. (The c1ted study v
was not available when this paper was be1ng researched) . It 1s stated ‘
that Dr. Nasser concluded that the cost of am.mal power for dr1v1ng a,.
sakla ‘was LE. 37 50 per feddan 1rrlgatedvper;yea‘r. "1'hlS cost,' estunate"
jls not close to the FEWUP value.

Dyer a.xso conducted a survey of rental rates. His' 'su‘rvey - indicated J
:'a mean rate of LE 0.33 per hour which 1s comparable to the EWUP value.
T“::Dyer questloned the validity of thlS number because of the large varl-'
1ance 1n reported rates and because the: medlan rate of LE 0. 50 was 51gn1—";
flcantly hlgher than the mean.

'Ihere are several reasons ;whylgthe rental rate may not be an’
appropriate measure of theoostof animal'powerifo‘r water lifting;in'f.,
,‘Egypt These include: (9) .'

1. The rental of cows and buffalos m general 1s an. exceptlon to

,‘to the normal practlces of the Egyptlan farmer. : Whe""am.mals

are rented they are rented for spec1allzed' tasks su h e
plowmg.

"2 The .rental often mcludes the drlver and plow or other

farm J.mplement bemg pulled by the ammal ’Ihe rental cost of

the laborer and the farrn”mplement would have to be deducted

from the rental rate in- order to determ:me the oost of the

animal power.

[O8 ‘see Era 2000,
US AID, March, 1979 pg. VII.7
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3N‘Th“ owner may: con81de:"rent1n' an addltlonal task above and

work load, leadlng to excess1ve

of;mllklanl‘calf productlon. C:nsequently, the owner

would,charge“a rental rate that d1d not reflect normal use and

o st ofmthe an1ma1 power.

ii;;_ ersdwould expect a return over their costs and so the rental
Arate would not represent the actual cost
1ncurred by most farmers.

5 Some farmers rent their draft animals in return for fodder for

the'anlmal.(lo)

Us1ng a rental rate for an. animal of LE 0 30 per hour and a sakla:
dlscharge of 100 cublc meters per hour the EWUP study calculated the
cost of anlmal power on a feddan basis to be LE 20. 43. This is consid-
erably hlgher than Dr. Walters or the ERA 2000 report's estimate but
lower than that of Dr. Nasser or the Mlnlstry of Irrigation and Louis.
Berger.

Incremental Opportunity Cost Discrepancies
Prev1ously the incremental opportunity cost method was shown to be the‘
.nost approprlate method of determining animal power costs. The;basrc
assumptlon of this methodology, that the use of a cow or buffalo :tof
dr1ve a pump is a secondary use, has been well supported 1n the Jltera-:
‘ture., Furthermore, sxgnlflcant questlons have been ralsed aboutl,the
valldity of the other two methods utlllzed in der1v1ng anlmal power;

costs o

(9 e, yayne. The pportunity Cost of Aninal Labor in Baypt:ian
, Economics Working Paper Series Nc. 3. Agricultural

Developnent Systems: Egypt Projert, University of California,
Davis. June, 1980 pg. 5.
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,gdweVer; two unresolved problems remain.with the values generated:
by;the different incremental opportunity cost studies. The first is tﬁé;
iarge variation between the results of the different studies. The;
'second is the problem of the opportunity costs associated with the iha?;
blllty to utilize breeds with improved milk and calv1ng characterlstlch
because of the use of these.animals for draft power. From a practical
standp01nt, these questions would become moot if an economic analysis
were to show that (utilizing the lowest of the values.for the animal
energy cost, and not including a lost opportunlty cost) the cost off
sakla pumplng was still higher than that of u81ng the cheapest dlesel or;
gasollne pump Unfortunately this is not the case and consequently
these.two issues must be addressed.

%sThe discrepancie: between the power cost. estimates:.are . due. to:
differing assumptions as follows:

1. How many hours of pumping.a year is required toirrigate one

feddan.

2. How much meat and milk production is lost per hour. worked.

3. The farm gate value of a unit of milk or meat;

kia Discl Di .
Most studies in the past made educated guesses about the. number*'off

hours a sakia would purnp per feddan per year.; In”the las

actual field data has become avallable. ThlS data ”1s in‘one. o
fprms. Either actual dlscharge measurements of saklas or. records of . theQ

actual number of hours a year a sakia was used.
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Roger Slack (11) surveyed a large number of - saklas and concluded'
‘that though there were large var1at10ns, on the average a 3 meter dlame—"
ter sakla (the size most typlcally powered by a buffalo) pumped 72 nP/hr
3at a 11ft of 1 meter and 108 m /hr at a lift of 0.75 meters. The total

€t1meﬁpumplng per feddan per year would then range from. 94.4 to 63 0;

7hours respectlvely, assuming an annual water duty of 6800 m3 per feddan.[

Further analyS1s of Slack's data indicates that the 2 meter dlame-o
‘ter sakla has an  average discharge of 52.5 m /hr at a 11ft of 3/4g
Ymeter., Agaln assumlng an annual water dutv of 6800 mw per feddan it

‘would take 130 hours a year to irrigate one feddan w1th th1s sakia. No
:data were avallable for the 2 meter sakia at a llft of 1 meter.

Another excellent data source on farmer's sakla use are the - annual
EEInLReQQLd_SmnmnaLﬁnd_Anal¥§ls (12) 13) reports published by the
economics team of the Egypt Water Use and Management Project. These
reports are based upon biweekly farmer interviews and include data oh;
the hours of sakia use. The data of the farms in the Abou Raia aread
iﬁdicates‘that_in the 1079 - 1980 farm year the average annuai‘sakia use
was 58.83 hours per feddan irrigated. In the 1980 4"’1981’ farm year the

'aVerage-use was 64.64 hours per feddan irrigated. These two values

(11) Slack, Roger. The Volume Discharge and Mechanical Efficiency
of The Field Sakia. M.S. Thesis, Department of Agricultural and
Chemical Engineering, Colorado State University, 196l.

(12) Abdel Al, Farouk and Me1v1n skold, Earm_Begord_Summary_and
‘,. £ 1 \ 1 \ ] 1 3 IQZB—
1979. PrOJect Technlcal Report No. 8, The Egypt Water Use and
Managument Project, Colorado State University, 198l.

(13) Abdel Al, Farouk and Melvin Skold, Farm Reccrd Summary _and

Bnalysis for Studv Cases at Abuyha, Mansuriya, and Abu Raya Sites,
1979-1980. Project Technical Report No. 23. The Egypt Water Use
and Management Project, Colorado State University, 1982.



or‘tambour. ‘At the Mansuria pllot s1te, the W1de use ofjfdleselv pumpsi

d1storts the sakla data.

In addltlon to these two™ -data sources, surveys :on'%the faverage

annual sakla use per feddan were conducted by Dyer'aanTambada

survey (14) 1nd1cated that average sakla use was 87_hours and Tambaday’s

survey 1nd1cated 78 hours of use. Nelther of these auth rS~lndlAf,}l
what 91ze saklas were surveyed.

The d1st1nctlon between the two meter and three meter dlameter‘
saklas is crucial to an understanding of - two puzzllng pleces of data.’
On the one hand all analyses of the cost of cow and buffalo power 1nd1-¥
cate that cow power is roughly 1/2 the cost of buffalo power. Conse-h
quently one would expect to see considerably more cows than buffalo
powering sakias. This is not the case. All data indicates that cows»
and buffalos are used about equally. It is hypothesized that ther
difference between the strength and endurance of the cow and the buffalo
is the cauSe,of'thedapparent contradiction. Specifically the hypothesis
is that'}thed Z;nEter diameter sakias with a maximum 1ift of 0.75 meter
represent the maximum pumping load that a cow can power at 3 revolutions
per minute overv an extended period of time. When greater lifts or
discharge areirequired, then a larger sakia,‘and a buffalo or two cows

must be utilized.

(14) Dyer Wayne. The Opportunity Cost of Animal Labor in Foyptian
Aariculture, Economics Wor!'ing Paper Series No. 3. Agricultural
Development Systems: Egypt rroject, University of California,
Davis. June, 1980 pg. 5.
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Slack measured the dlscharges of several 2 meter saklas.. The aver-

;age dlscharge was approx1mately 54 m3 per hour. Interestlngly, Slack

:d nyt'flnd a two meter sakla W1th a 11ft greater than 0 75 meters‘°f

Z'The annual power cost per feddan 1rrlgated is L E. 16 24 for a two

:meter cow powered sak1a W1th a 75 cm 11ft us1ng Dyer s anlmal power

_costs, and Slack's dlscharge measurements.; That cost for the 3 neter

‘huffalo powered sak1a is L.E. 13.10. The ratlo of the annual cost of
buffalo power per feddan irrigated to the annual cost of cow power per
fednan irrigated is 0.81 given this hypothesis. The ratio of the cost
'of buffalo power per hour of labor to the cost of cow power .er hour of
labor is 1.61. The former ratio would indicate conditions under which
it would be reasonable to expect cows and buffalos to be used equally:to
power sakias. Undoubtedly the hypotheses that cows can only power the
smaller 2 meter sakias does not fully explain the wide discrepancy
between the cost per hour of labor of the two animals, and their equal
use to power sakias. It does however offer a partial explanation.

| Addltlonal con51deratlons might be that Slack's discharge measure-
;ments for the smaller sakias are low, or Dyer's cost estimates of anl
%hour of cow labor is high. 1In either case the ratio between the annual
fpower cost of the two animals per feddan of land 1rrlgated would
iapproach unlty.

|  This hypothes1s was dlscussed with Slack, and Tom ° Ley,. an- EWUP;
‘englneer w1th cons1derable field experience in Egypt.- Both felt that'
the hypothesis was reasonable, but neither had data to conf1rm 1t.
vAddltlonally, Ley stated that he had heard someone suggest that the buf-
falo completed fewer revolutions per minute of the sakia than the cow.k

If this ' were so, then further adjustments would have to be made in the
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relative discharges per hour. Regardless of the discrepancies that
Stlll exlst, the hypothe51s that a single cow can only power a two meter
sakJa comblned Wlth Slack's dlscharge data offers the most plausible
explanatlon of cow and buffalo use for pumping in Egypt. Slack's
discharge for both the_two and three meter sakias will be used in this
aralysis. These discharge are:

1. Sg_np/hcurifor a 2 meter sakia at a 0.75 meter lift.

_2.‘ 1687n9/hcur for a 3 meter sakia at a 0.75 meter 1lift.

72 m3/hour for a 3 meter sakia at a 1 meter lift.

Furthermore it will be assumed that the 3 meter sakia is powered onl“‘by:

buffalo, and that the two meter is powered only by cows. .

A sen_ t1v1ty;
'analy51s w111 be performed to 1nd1cate the 1nf1uencew,of””vary1ng}
dlscharges on the cost of pumping.
imal I producti ti
Three aspects of cattle and buffalo milk and meat losses ~are gen-
erally agreed upon.
1. Addition energy demands are imposed on the cow and buffalo by
.pumping.
;g.nghe supplemental feeding, if any, glven to these anlmals does
?not completely compensate these energy demands.
3. ’The net energy deficit results 1n a decrease in. the calvrng rate
- and the quantity of milk produced.
fThe quant1f1Cat10n of the decrease in the milk and ca1v1ng rate has.
notfbeen easy. Some studles used figures based upon 11m1ted surveys andL
estlmates made by individuals in the field. Two studies, byv Waltersi

(15) and by Dyer (16) both written in the summer of 1981, analyzed thev



‘energy “requirements of. a}rlactating am.mal, the addlt:l.onal energy demands

J Ja, and the "en rgijalue of the feed of these anlmals.
Both authors then bu11t productlon functlons to descrlbe the oppor—

tumty cost of the lost mllk productlon and the decreased calvmg rate.
_;'The coeff1c1ents in Dyer's productlon functlon were based upon an)
analysls of El Tanbadawy s data. Walter s functlons were der:.ved fromf‘
t theoretlcal con51deratlons and data on cattle and buffalo 1n f:.urope andzf
North America. Both authors' results indicate that the cattle opportun-‘f.i
ity cost is less than that of the buffalo and Walters opportunlty cost ‘f
for the buffalo is within 9% of Dyers summer buffalo opportunlty cost.ﬂ
However, the opportunity costs of cattle are 51gn1f1cant1y dlfferent andﬁf.

Dyer found it necessary to built separate productlon functlonsf'for the?"

summer and winter sezsons. Table 7.3 lists the dlfferent components ,jof'.":

these two production functions.

'I‘here 1s a major discrepancy between Dyer's and vWalters, opportun- :
1ty costs for cows. Walters placed the °PP0rtun1tyk o R

il/4'the cost of buffalo. Assuming Slack's d:l.scharge easurementsto: be?,."

Areasonally accurate, Walters cost of cow power would result 1n a. pumplng;‘i'

cost for cattle that is half that for buffalo. In fact farmers tend to

:use buffalo slightly more more than cattle. Certamly, as. the butterfat"""
‘content and consequently the price of buffalo mllk 1s hlgher than the -
;mllk‘ uof a cow's (with similar volume ylelds) one would expect the"

(15 Walters, Forrest; Water Lifting by Sakia: The Incremental

Cost of Cow Power. Staff Paper #22, The Egypt Water Use and
Management Project, Colorado State University, 1980.

(16) Dyer, Wayne; The Oppo i £

, Economics Working Paper Series No. 3. Agricultural
Development Systems: Egypt Project, University of cCalifornia,
Davis, June, 1980.
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Table 7.3
The: Cost. of Meat and Milk Production Losses

 Milk  Additional Feed  Calving Total

Cost/hr of Cost/hr of Cost/hr of Cost/hr of

~ ‘Labor Labor Labor Labor
Walters - Buffalo 0.125 0.00237 0.002512*  0.1299
Summer - Buffalo 0.092 10.020 0.036 0.148
Winter - Buffalo 0.292 -0- 0.036 0.328
Walters — Cow 0.026 0.0042 0.002569* 0.0328

Dyer ‘

Summer — Cow 0.051 0.015 0.042 0.108
Winter - Cow 0.128 -0- 0.042 0.170

*Walters did not calculate the opportunity cost of a decreased calving
rate on a per feddan or per hour basis. Rather he assumed that 3 cows
would be used and no cow would work more than 3 hours per day. He then
determined a fixed calving opportunity cost of L.E. 2.22 for cows and L.E.
2.17 for buffalo. This value was used regardless of the number of feddana
irrigated. Walters also assumed that the annual water duty was 6800 m
per feddan, and that it required 100 hours to lift the total annual irri-
gation needs of 1 feddan.

With two additional assumptions a calving opportunity cost per hour
of labor can be deduced. First, it is assumed that thg maximum number of
cubic meters needed per feddan per irrigation is 450 m®. Secondly, that
the meska has water flowing into it 6 consecutive days at a time. 'The
first assumption is a standard BWUP assumption, the second overly gen-
erous.

Given these assumptions the maximm number of feddan that can be
irrigated with three cows or buffalo is 8.16 feddans. Walters fixed
opportunity cost of the decline in the calving rate is then divided by
8.16 feddans to arrive at a per feddan and in turn per hour rate. ‘
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opportunlty costs of cattle to be lower than for buffalo. The opportun-;
1ty costs in both studies reflect this. Consequently Dyer's value for»

the opportunity cost of cattle labor, which is lower than that of ﬁhe_
buffalo but higher than Walter's appears to be more realistic. As shown‘?

.1n the previous section, Dyer's animal labor costs combined w1th S_' ckwf"
‘discharge measurements suggest a level of usage of both _epws and "buffald"
that vis consistent with actual farmer practice.

;’pyer, utilizing data collected in Egypt, analyzed;:_\thef:fe'éd;;r'mire—f”
‘mevr'lt‘s‘"end feed supply for animals in Egypt. |

‘Hvis analysis of the feed requirements and suppiy for these ‘animals -
*pi'ripointed the critical disparity between summer and winter feed levels.

The most obvious pattern is the dichotomy between summer and
winter seasons. Feed utilization, measured in total digesti-
ble nutrients (TDN) is concentrated in the winter, being more
than double the summer level. The relative difference between
sunmer and winter is even greater in digestible protein (DP)
utilization because the winter feed consists almost entirely
of the protein-rich berseem crop.

The utilization of animal labor also involves a seasonal pat-
tern. However the concentration is the opposite of seasonzl
feeding because the hours of animal labor required in summer
are more than cdouble those needed during the winter months.
The animal is being fed to gain weight during the winter in
order to survive the near starvation levels of feed during the
summer. (17)

Due to the seasonal disparity in feed supplies Dyer establlshedi

.separate seasonal productlon functions. The extremely low leve ' of sum-E

mer feed supplies caused the opportumty cost of animal - labor
,summer to decline even though the summer 1rrlgat10n requlrements are
‘twice those in the winter. On first thought this is counter-mtultlve.

Dyer's reasoning is that milk yields are already significantly decreased

(17)

Dyer, 1980, pages 6, 7, 21.
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during _the‘ summer because. of the low feed 'supply. - The use of the anima.].

to drive aQ saklia does not further reduc the already low summer milk
_ yields as much as in the winter when milk yields of non pmnpmg animals

tend to be much higher.

Dyer was dissatisfied with his summer production function for buf—

,support to the validity of his production function.

Dyer s-values are high when conpared to the values utilized by most
of the other studies. It should also be noted that both Dyer s and EL
Tambadawy's data indicated that the number of hours per year to, 1rrigate
one feddan is significantly less than that reported in most of the pre-
vious studies.

While recognizing and emphasizing that no ,‘on'e‘ has definitively
defined the opportunity costs of animal labor in' Egypt, Dyer has
presented the most comprehensive and realistic’ estimate to date and;
these will be the primary values used in this analysis.

Breed Costs |

The last aspect of animal power cost that must be examined is the
opportunity cost that is incurred when high milk yielding breeds of cat-
tle and buffalo cannot be used in Egypt because they lack the physical
stamina needed to drive a sakia. This is to some degree a best of all
pos ‘ble worlds argument which hypothesizes that the best of all possi-
Able worlds is a certain reality if we would only make certain changes.
TIn-. some respects 1t» is a naive argument, “but the assertion that the
power requirements do haxnper the introduction of other breeds is

correct.



heavily on individual management initiative, and feed energy . from |

r'esidues, n (18

What 1s at 1ssue here 1s not whethe' .there, 1s an opportumt”"

of production forgone, but how to measure thatw oost and properly appo -

o"the various productlon 1nputs. These would include manage-f
ment, lmproved forage supplies, and the animal labor restraints.
From a practical standpomt apportioning these costs would" be‘
extremely difficult, and in the eyes of many mlght bias the ent1re’
analysls. Reason would suggest that a tr1al opportunity cost be exam—
med as part of the sen51t1v1ty analys1s, but otherwise that the ques-
tlon be put aside until more data 1s accumulated. The sensitivity
analy51s will use the opportumty cost_ of L.E. 13.60 suggest by Walters.
i1 and Electrical E
Today Egypt is fully ut111zmg the energy product1on of the tur-

bines at the Aswan dam. She has no new hydropower plants ccmmg C nj

lJ.ne, nor potent1al hydropower sites in the near future.

"I‘he demand for electr1c1ty has increased rapidly in the 1ast 5
In 1977 hydropower generated twice as much electrlclty as d1d;

'th rmal pOWer plants. ~In 1981, hydropower accounted for only:-’ 1% of the
; ‘ “~*a*?<19) ,

'I'he era of cheap energy 1s over :“Nfor Egypt

next 10 to 15 years 1ncreased demand for el tric1ty will be metf

18) yalters, 1981
(19) Abu-Neima, El-Mousily, El Gazzar, and Ibrahim, Electricity
Use in Egypt, The Ministry of Electricity ‘and Energy, The Govern—
ment of Egypt, April 1981.
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,prlmarlly w;th crude 011 f1red generatlng plants,. The operatlon, oﬁw

'these plants ‘1s expen51ve. Addltlonally, as demand for electr1c tyf
grows in the rural areas of the country, an electrlcal dlstrlbut1on sys-!
tem will have to be built. The costs of such a system are enormous.

All energy product prices are subsidized to some extent in- Egypﬁi

A recent study compared 1978 through F1sca1 Year 1982 sub51dlzed prt
’W1th lnternatlonal prices. The results of that study, modfxl
‘reflect thé ‘new exchange rate of L. E. l 0= $l 00 1s presenteda“J Table:

7.4.;
The‘ 982 Internat1onal prlces presented in thlS table w1l ’be( used‘

1n the econcmc analy51s 'for the'dlesel, kerosme, and gasolme ‘ uel

»;ng sect1on.

The 1982 sub51d1zed:egypt1anipr1ces:w1ll be 1sed in the  £i

}analy51s. ThlS was theicost of gasollne 1angypt in late 1982 and’ early

51983. (20)
‘f]; ; ) .

Several studies have looked atﬁthese;COsts.

” One'studywbyythe Egyp-

uis Berger Interna~

‘tlan Mlnlstry of Irrlgatlonkln'ﬁ”"‘

{t1ona1 (2;} 1nvestlgated the cost of lnstalllngjanr¢ ectr;cal atert1ary

(200 o respondence with Farouk Abdel Al

(21) Ministry of Irrigation, Mechanical and Electric Department;
Arab Republic of Egypt, Louis Berger International Inc.: Techni-
cal and Economic Feasibility of FElectrifying Tertiary Pumping
M . adl 3 e~
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" Table 7.4

" ENERGY PRICES IN L.F ) l
SQURCE . Cr1978  Cy1979 - EY1981  EY1982
EGYPTIAN SUBSIDIZED FRICES.
- Butane Gas v o o
(12 1/2 Kg) Cylinder - 0.65: 0,65 0.65 0.65
Gasoline, Premium e S o ¢
(liter) 10:08" 0.11 0.13 0.127
Kerosene (liter) '0.025 .0.025 0.03 0.029
Diesel Fuel (liter) 0,021 0.021 0.026 0.0245
Mazout (MT) 750 . 75 7.5 7.5 3
Natural Gas (MT) 7.5 o 8.7 - 10.35 11.00° ,
Electricity (KWH) '0f0093 0.0097 0.0106 0.0106

INTERNATTONAL PRICES

Butane Gas (12 1/2 kg)  5.44 5.64 4.07 4.67
Gasoline (liter) 0.296 0.296 0.257 0.237
Kerosene (liter) 0.19 0.319 0.267 0.273
Diesel Fuel (liter) 0.227 0.291 0.257 0.239
Mazout (MT) 123.84 150.00 217.50 164.629
Natural Gass(MT) 123.84  150.00  217.50 164.629
Electricity” (KwH) 0.070 0.071 0.109 0.084

1. Exchange rate L.E. 1.0 = U. S. $1.00

2 Average electricity prices increase because residents and com-

-mercial users face upward block pricing structures so that ris-
ing consumption increases the average effective price. ,

3 ZOnly 1979 and 1981 data were available. Other values are.
. estimated.

4, Assumed to be the same as the previous year.

Q$Q Estimated as the cost of production at the,IsmaliafThefmalbeﬁéi

Plant when mazout is priced at the Inte:national\level;ﬁ
CY - calendar year
FY - fiscal year
Table derived from United State Government Memorandum, Egypt - A Quanti- ‘

tative Standard for Programming Against Sector Wide Performance in
Energy Pricing, June 7, 1982.



92

pumplng system in Mlddle and Upper Egypt. This study env1saged replac-
ing all existing low and high lift pumps including saklas and diesel
powered pumps with new efficient electrical pumps. The project would
have required that an extensive rural power grid be installed throughout
Middle and Upper Egypt to bring electricity to the pump installations in
the fields.

As part of this study an estlmate was made of the cost of generat-
1ng electric1ty w1th a f05511 fuel generatlng plant. It was assumed
that Egypt's hydroelectric generating capacity had been exhausted and
that an oil fired generating station would have to be built to meet the
power requlrements of the pro:ect. The analysis used 1977 constant ,

prices and the cost of fuel 011 was assumed to be $64 a ton.‘ The LOUlS

Berger study estimated that the cost of electricity not 1ncludlng{ﬂ ne

distribution grid costs was L.E. 0.0199 per KWH.

With the doubling of crude oil prices between 1977‘ané55f§§69'/iﬁis“
estlmate of the cost of power generation became unreail' ically lowr
The power grid costs must also have escalated along with ,.‘ 5.
How much these costs increased is not h.an, and no other estlmatlon of
power grid costs has been found.

An agency of the Tlnited States Government in: June of 1982 1ssued a

memorandum which compared f1scal year (FY)'1982'Egypt1an energy pr1ces;
with internaticnal prices (see preceedlng sectlon).; Wuthln th1s

memorandum:

The international shadow price for electricity is calculated
by finding the exvected average cost of producing electricity
in the nearly completed Ismalia Thermal Power Units 1 and 2.
The international price of mazcut is used in the calculation
Jeading to an average cost of S58.8 milliems per XWH for 1982.

(22)
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W1th the stabilization of oil prlces, the mternat:Lonal market
‘prlce assumptlons made in this study are probably st:.ll valld However
_thls study assumed an exchange rate of L. E. 0. 70 s$1. 00. 'Ibday the
lexchange rate has reached parity at approxmmately L.E. 1.0 = $1.00.
This represents a 43% decrease in the value of the Egyptian pound and
consequently a 43% increase in the cost of electricity in pounds. The

cost of generating power per kilowatt hour is then approximately:

Lch 0.0588 X 1043 = L.E. 0.0841
This cost does not. mc] ude the cost of the distribution grld that-~-” oule

‘have had to be mstalled throughout the project area 1f electrlc n'otors

were to be’ used to drive tertJ.ary level irrigation pumps, In add.l.tlon
transmission losses of 10 to 15% would further increase oosts.

As part of the Ministry of Irrigation/Berger study in 1977 thef
Rural Electrification Authority "designed the electric network to elec-;
tr1fy all 1rrlgatlon means in each district tak:.ng 1nto oon51derat10nk
current and projected domestic loads." (23) The cost of the proposed‘f
power transmlssmn grid was then estimated in 1977 prices to be L.E.
72 707 039. This estimate included all poles, high, medium, and low
tensmn llnes, all transformers, submarine cable, administrative, equlp-

ment, and transportation expenses. Assuming this grid had a 60 year

<22? United Stat:es Goverrment Memorandum, "Egypt — A Quantitative

-Standard for Programming Against Sector Wide Performance in Enerqy
‘Pricing," United States Agency for International Development,
Cairo, Eqypt, June 7, 1982.

(23) Ministry of Irrigation, Mechanical and Electrical Department,
Arab Republlc of Egypt and Louis Berger Internatlonal Ig__km_l_gl
onomic Fea ity o ect ti

Middle and Upper Egypt, pg. 7, Cairo.
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life and the opportunity cost of capital in Egypt was 12% the authors of
the Berger report concluded that the annual interest and depreciation
would be L.E. 8,734,576. The grid was designed to carry 119,177;267‘
KWH annually throughout rural Middle and Upper Egypt. If the entire
cost of the power grid were to be apportioned to pumping, the cost'qf7‘a
kilowatt hour would increase by L.E. 0.0733 (24) 4¢ the 1977 gxchange
rate or L,E. 0.1047 at the current exchange rates. It istqueétionable
whether the entire grid costs should be assigned to eleCtrical pumping.
However this analysis will charge the entire grid costs to pumping for
two reasons. First, the relative cost advantages of electrically driven
pumps over other pumps are not significantly altered by assigning the
entire grid costs to electrical pumping. Secondly, a conservative
analysis of the pumping costs is desired. |

. The cost of the electrical distribution system apears to be very
high when compared with the generation cost of that electricity.
Englneers with a local rural electric utility company and a new powef
plant in Colorado were consulted. These engineers thought the dlstrlbu-
,tlon cost per ‘KWH was very high. Yet, upon inspection, the estimated
tumt materlal costs of the system were reasonable, if not slightly low.
'One p0551b1e explanatlon for these discrepancies is that a denser power
idlstnbutlon system. is requlred in Egypt due to the small size of farms.

It is difficult to organlze these farms into large blocks of land fori

various technical and 5001al reasons. Consequently most 1rr' ja

un1ts served by a single pump would be smaller than 60afeddans and most’
- probably around 15 feddans.

(24 ibia, pg. 136.
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E‘ach pump no matter how small would require a hookup to the system,‘

'and the number of dlstrlbutlon lmes needed would be much hlgher than in
'the Unlted States. The quantity of material per unit area required to
bulld a power distribution system in Egypt would in turn be much greater
‘than in the United States. Consequenlty, the costs would also be much
higher.

Finally transmission losses of 10 to 15% (25‘)\ must be 1ncluded.,
Assummg that such losses can be kept to 10%, the total cost of genera-
tlon and dlstrlbutlon of electr1c1ty is L.E. 0.192 per KWH. Remembering
that L.E. 1. 00 = $1 00, thls translates into approximately 19 cents per
.?KWH, approx;unately 3 to 4 t:unes what we pay in the United States.

' The reason thlS cost is so hlgh is. two fold First, a totally newf_.
power plant would have to be bu11t, | at 1981 pr1ces, to meet the’}"
increased electrical demand if small electrlc pumps were to be used-
throughout rural Egypt. Secondly, the ent1re cost of a ).ural power grldl
was assigned only to irrigation pumpmg.

"lhatthere are inherent problenswith this analysis of the cost of
electr1c1ty must be acknowledged. To begin with‘, the entire cost of the
dlstrlbutlon system is being charged only to the pumps. The distribu-
t1on system wa3 designed to serve the domestic, irrigation, and all
‘other agricultural and industrial needs for electricity in rural Upper :
and Mlddle - Egypt. If these other users were to bear a proportlonate

part of the dlstrlbutlon system oosts the oost for 1rrlgat10n pmnpmgi

’would "be"f:‘reduced Secondly, the dlstrlbutlon system requ1rements m‘

(25) United States Department of Energy. Joint Egypt/United
States Report on FEgypt/United States Ccoperative Energy Assess—
ment, Vol 1. April 1979, pg. 28
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.Upper and Mlddle Egypt are not necessarlly those of the delta. HOWeve;é
th1s study will apply these reglonal costs on a natlonmde v25is. 'l‘he
significance of this distribution assumption will most probably not be
known unless further detailed studies are conducted. Presently, these
types of assumpticns are unavoidable. In conclusion, the KWH cosu that

will be used in the econamic analysis is L.E. 0.192.



Chapter VIII
THE COST OF GOODS AND SERVICES

Repai 1 Maint Cost

A considerable porticn of the repair and malntenance costs of pump
operation are a function of the kind of drlver belng used. The repalt
and maintenance costs of electric drivers are usually significantly
lower than fossil fueled drivers. However, in the often severe environ-
ments found in developing countries it is difficult to divorce the sub—
‘Jects of repair and maintenance costs from those of replacement cost,
wear out life, salvage value, and operator tralnlng. Although numerous
ireferences to the interdependency of these factors are found throughout
the 11terature, ) there is little work quantifying these relation-
}shlps.- Generally most reports on 1rrlgat10n costs use textbook values
for repalr and malntenance costs or the best guess of sameone with field
'experlence in the 1oca11ty be1nq studled. None of these methods are
satlsfactory.

The only satlsfactory ‘method fo determlnlng repair and maintenance

’eractual field data. Either test
actual operatlng envirorment, or usefédete,

collected on similar pumps '81m11ar-operat1ng conditions.

- Hanby,’ Hassan, Gene Quenemoen; and M. Helal, 1980
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To test the pumps themselves requlres a considerable amount of tlmef

and money. And again for reasons of tlme, money{ and a lack of m1t1

t1ve, there is little avallable data on the repa1r and mamtenance costs
of pumps and drivers in developing countries.

Recently, the International Rice Research - Institute conductedf' a

study of the cost of irrigation in the Central Luzon reglon of the'Phl-%
11pp1nes., ‘2) nata on the 1rrlgatlon co #s of grav1ty, low 11ft, and;
deep well proJects were collected.,? Malntenance, repair, labor, and
energy costs were itemized for four low lift pumping projects. Three of
these projects were relatively large areas served by electrically
powered central pumping systems run by the National Irrigation  Adminis-
tration. The fourth project was actually a random selection of 20- small?
diesel driven centrifugal pumps owned and operated by 1ndlv1dua1 farmers;

within central Luzon.

An analy81s of the data from the IRRI survey 1nd1cated that repalr

and mamtenance costs for the small d1ese1 powered pumps was 'approx

mately $7.15 per cropped acre. ' 'I‘he repalr and mamtenance costs ”of

operatmg the larger elect'rlc powered low llftS pumps averaged $2 15 perj
cropped acre.'

'I'he group of small farmer owned dlesel pumps, mcurred mamtenance

costs that were 3, 'jl/3 V,tlmes the average of the electnc pmnp projects.';

This d1fference 1s a reflectlon of four spec:Lf:Lc characterlstlcs ‘:_of i

small, farmer operated, d1esel low lJ.ft pumpsets.

(2) Cost Of Different Types Of Irrigation Systems In Central Lu-
zon, Moya,P.F., Small,L.E., Bhuiyan, S.I., Department Of Agricul-
tural Economics, International Rice Research Institute, June 1980.
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i}ﬁﬁﬁFos81l fueled engines characterlstlcally requlre more
ma1ntenance than electric motors.

2. The maintenance and repair of fossil fueled engines reguires
skilled operators and mechanics with access to tools often
unavailable in some developing areas.

3.  Generally, the farmers operate the1r ‘own pumps instead of .
:hlrlng a trained operator. ThlS results 1n a slgnlflcanti
decrease in a farmers labor costs, but can 1ncrease the
maintenance costs.

4. Small pumps owned by 1nd1v1dual farmers are usually’not;

operated for as many hours a year as larger, cooperatlve

or government owned systems._ Consequently, the cost of
‘the maintenance that is required annually regardless of use
'is a greater proportion of the annual cost of irrigation.

The high maintenance costs for the small farmer owned pumps appear'

,tof‘be‘ reasonable in light of the above considerations. Especially when
co slderlng the labor savings of a farmer operated pump.

These figures from the Phillipines can serve as benchmarks for .
checking derived repair and maintenance costs for pumps and drivers in
Egypt. They cannot be used directly because neither the length of tneﬁ
:irrigation season, nor the ~annual discharges of the pumps are kngmn;;
Additionally, the data appears to be pre 1978, prior to the ‘197§+1§éaé
?;iSé‘in 0il prices.

gUtilizing these Philippines prices as benchmarks, pump and pump.
driver‘ manufacturers' salesmen and engineers were consulted. In most
'cases these 1ndlv1duals were familiar with the operating enviromment ofr

:developlng countries. Additionally, construction companies and,equlp1
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men rental comp Am.es were consulted."" Fmally, EWUP progect engmeers

: oons:.derable f1e1d experlence “in Egypt revlewed the GOSt estlmates.

The”repalr and ma:l.nte_, "calculatlons are presented in

he calulated repais costs On & per feddan basis are listed in

table 8 1. “I'ne'_ d1

extrenely close t .th costs _‘eported""m the Phlllppme stud:.es.

gasolme and kerosme mamtenance costs are predictably higher. 'Ihe

costs of the electnc drlven'pumps is however considerably lower than in

the study of the pumpmg systems of the central Luzon in the Philip-
pmes,

Implicit in the determination of repair and maintenance costs is an
esti:ﬁste of the wearout life of the pump and driver. When determining’
these costs the question that must be answer.d is - at what point do you
buy a new piece of equipment instead of repairing an old one? The com-
puter model developed does not allow for a pump with a different wearout
life than that of the driver. The diesel driver for the IRRI pumps has
‘a wearout life of 7500 hours, or approximately 5 years of expected use.
ThJ.S is short when compared to other studies where a life of 15 years is
-often assumed It is also significantly less than the expected life of
‘the‘ IRRI' pumps. In an attempt to compensate for the shortened life of,
the pump, no ptmrp repalr cost are included in diesel powered IRRI pump

analy51s. 'lhe same 1s ‘true of ‘the gasolme and kerosme dr1ven IRRI

wHowever, 1n the case ;of
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Table 8.1
Annual’ Pimp Repair and Maintenance Costs Per Feddan Irrigated

‘Pump & Driver,‘ Annual Repair & Maintenance Cost

~ rer Feddan
L.E.

‘Sakia 0.787

Diesel powered 7.40

IRRT pump

Gasoline powered 8.594

IRRI pump

Electric powered 1.50

IRRT pump

Electric powered 0,80,

Cascade pump
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the electric pumps, where a 15000‘hourfwearOut life is assumed, the pump
repair and maintenance costs are ihcluded. |

Because of the difficulty of ascertaining these repair costs, a
sensitivity analysis will be performed. The repair costs will be varied
+ 25% to determine the effect of a change in repair costs on the solu-
tion.
0il and Grease Costs

The o0il and grease consumption rates are those specified by the
manufacturer of the pumps. In certain cases where consumption rates
were not specified by the manufacturer, estimates were made based upon
the consumption rates of similar pumps. Oil and grease consumption es-
timates are included in Appendix C.
HWear Oat Life & Salvage Value

The wear out life and salvage value of a pump and 1ts drlver 1s a‘

function of many variables 1nclud1ng the 1n1t1a1 quallty of the units,
the quallty of the maintenance and repalr thehunlts recelve, the operat-;

1ng env1ronment, and the skill: of the pump operators (See the prev1ous'

sectlon onifepalr costs)

Settlng these considerations aside for a moment, a comment on how/
pumps are actually operated in many developing countries is approprlate.f
Most pumps are utilized for far longer periods of time than everi
env1saged by the1r des1gners. These pumps may be operatlng at effic1en-;
¥c1es_far below their designed eff1c1enc1es,‘ but  capital constralnts,i
oheap labor, considerable ingenuity, and subsidized enerqgy costs usually
promotes the continued use of outdated, highly inefficient pumps and
drivers. For example, some of the Ministry of Irrigation pumping plantss

in Middle Egypt were installed in the early 1930's. These plants‘,atef
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still operatmg, but at" unknown eff101enc1es. Many of ‘the privately.

owned pumps I observed in Mlddle and Upper Egypt in 1979 were iv_{ppare tly,f
even older.

There are several reasons why pumps and drivers -are“%opérat’ed in

Egypt far past their manufacturer specified wearout 11fe. ;
cially low subsidized prices of energy often hides the true tcost 3 of“
"opreratmg a pumpset past its wearout life. Furthermore, the 1nab111ty
ofthe farmer to obtain the necessary cash or credit to finance a new
‘ puinpset denies him the opportunity to select the most econamic alterna-
| tive and forces him to continue to use a worn out pumpset. The low cost
of labor and the ingenuity of the Egyptian repairman 'ease the cost.of“‘
" utlllzJ.ng these non-oprtlmal economic alternatives.

'I'ne economic analysis of pump sets assumes that the designed effi-
| c1ency of the pump is maintained throughout its economic life. Further-
: more, as was discussed previously the econamic life and the wearout life
- of the pump sets were assumed to be the same. The wearout life of a
:pump set under "normal operating condltlons" is specified by most
manufacturers of the pumps and drlvers. While it is not explicitly
stated by the manufacturers, 1t 1s ‘usually understood that with proper
repalr and maintenance, eff1c1en01es close to the design efficiencies
'can be mamtamed during the spec1f1ed wearout life of the pump.

V'I.‘he-"real" repair and mamtenance costs of operatmg a pump beyond

' ‘wearout life are generally prohJ.bJ.tJ.ve. From a natJ.onal perspec-f

‘_tive, '.‘lt would be better to replace than to contmue to " operate "these

‘vgorn‘v ‘out and inefficient pumpsets.
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Determining the life of a particular pump and driver, operating. in
a developing nation, without the advantage of hindsight, is nore art
than science. Consequently, engineers and other individuals with exten-
+ive experience with small motors, engines and pumps were consulted. It
is their estimates that will be used in this analysis.

These estimates assume that the units would be operated in:
extremely dusty enviromments, and exposed to the elements. Minimal
maintenance would be assumed. As a rule, the quality of the maintenance
an electric motor received was assumed to be better than that received
by a combustion engine. This bias is the result of personal experience
and the inspection of a series of large electric pumping stations which
continue to operate 50 years after their installation in Middle and
Upper Egypt.

Most probably some double counting will occur between conservative:
wear out lives and high maintenance and repair costs. Conservative
estimates are preferrable to overly optimistic estimates;

A listing of the wearout lives for the sakia and IRRI pumps are
provided in Table 8.2. The wearoit. lives of all pumps con51dered 1n thlS
analysis is presented in Appendix Q:ﬁ

Labor Costs
The next cost category is 1abor;j"The'"nly component of- labor - thatf

must be considered in this analy51s is the operator of the punp, or thej
person who insures that the animal driving the sakia continues to work,
Different economic studies of the Egyptian agriculture and/or irrigaticn?
have valued the labor component in significantly different ways. ThlSt

diversity of methods and numbers is perhaps the results of a; lac

confidence in the available demographic data on Egypt.: ,HQW?V?F;r,the?ét



Table 8.2
‘Estimated Sakia and IRRT Pump/Driver Wearout Lives

' Hours Years of Expected

Use

‘sakia 15000 19.8

‘Buffalo Powered

‘Diesel driven 7500: 4.9

IRRI Pump

Gasoline driven 12000 1.3

IRRI Pump

Kerosine driven #2000 1.3

IRRI Pump | |

Flectric driven 15000 9.9
1RRI Pump o L
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'stf"ctlons between some of ‘the metho-'

180 Ars to be theoretlcal
dologles utillzed to determ1ne‘1abor costs.
‘A br1Efyexplanatlon of some of the alternative methods, ' of valuing

the: cost'of labor follows.

Often the d1ff1culty of determlnln" ;he'cost of 1abor 1n developlng;

countrles lies in the fact thatfth ddltlon or subtractlon of an addl-
t10na1 agrlcultural worker does'not increase or dlnunlsh the total pro~

duct.

We may say that the marginal value product of such labor - the
amount it adds to the gross domestic product - is zero...If an
agricultural laborer was adding nothing to the production in
his comunity, then we lose nothing by transferring him to
productive labor elsewhere. This being the case we need not
consider that this 1labor has any cost attached to it. The
true wage is zero because that is what it could otherwise pro-
duce. Folluwing this 1line of argument, the proper price to
charge in the economic (not financial) analysis of projects
would be zero. (3)

The implication of this reasoning is often not fully understood_ Essen—

tially Gittinger is arguing that if a surplus of agrlcul'uralglabop
exists, the wage rate of that surplus labor, no,matter,x1f,;employedu,1h‘
the fields, or in a factory, is zero.:
Sakia Operator Cost

An arqument that runs counter to Gittenger's waé suggested in Ewup‘¥
Staff Paper #7.

The amount L.E. 0.05 per hour for a sakia (operator) seems
consistent with other studies and is perhaps adequate unless
one considers the cost of the children driving animals turning
sakias in terms of their foregone opportunity of going to
school. (4)

(3) Gittinger,J. P.; Economic Analysis of Agricultural Projects,

The International Bank for Reconstruction and Development, John
Hopkins University Press, Baltimore, 1972, pg 41.

4 Wahby, Hassan; Appendix A, pg. 3.
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argue strongly that there is actually a shortage of agrlcultural labo

A recent EWUP report by Elewa and Darwish supports this contentlon.
<5) 'l‘hese authors document the change in the cotton harvest practices in
Egypt Over the last several years many farmers have abandoned the pre-
v1ous custom of a third picking of the cotton crop. This change in long’
standmg agrlcultural practise can be demonstrated to be a function of ‘
mcreaslng rural wages.

An Era 2000 study of agricultural mechanization in Egypt further
docl.nnents the increasing rural wage rate because of rural labor shor- ‘
tages Utilizing census data, the results of a farm survey, and rep’orts:}'a

of Egyptlan and international mstltutlons, a farm labor balance was:},;‘

bu11t. ThlS balance compared on a weekly bas:Ls the farm labor requlre-:"
ments w1th the available farm labor force. 'Ihe authors of th1s study ‘
concluded that durmg 12 weeks of the year there was a shortage of farm
fam11y labor and that consequently there were;

opportunities for farm operators and/or members of their fami-
lies to be employed on other farms as hired workers. Thus
from that perspective the opportunity cost of family labor is
the prevailing hired labor rate. (6)

‘(5,) Elewa, Sabhi and Darwish, Ragy;

Ricking Cotton to the Value of Cotton. Draft Working Paper #112,
The Egypt Water Use and Management Project, Colorado State Univer-

sity, January, 1983.

‘) Bra 2000, Purther Mechanization of Payptian Aqriculture, US
AID, March, 1979 pg. VIL.19
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'The Era 2000 study 1ndlcates that 1n l977 the prevailing national aver-.
age wage rate per man was LE.‘O 76 and for a boy was approximately one
half of that at LE. 0.355 per day,a flgures for a woman's wage rate
were given. In the author's trayels throughout Middle and Upper Egypt
far more young girls than boyslwere seen supervising the animals driving
sakias. Characteristically;yone might suppose that in Egypt their wage
rate would be less than that for a boy. Assuming that a girl's wage
rate is no higher than a boy's, the Era 2000 report would indicate that
the unskilled labor cost of operating a sakia throughout the year should
be less than or equal to LE. 25.56.

Assuming the sakia irrigated 12 feddans, Slack's dlscharge data ford
a 3 meter sakia and an annual water budget of 6800 nﬁ per feddan, thlSt
amounts to a cost of L.E. 0.034 per hour. With the revaluation of the
pound and the increase in labor scarcity since 1977 the figure of L.E.(
0.05 per hour is conservative. This figure will be used as the operator‘
cost of the sakia in this analysis. The sensitivity of the sakia costs
to the cost of the sakia operator will also.be'ekamined.
Mechanized Pump Operator Costs

There is little data on the cost of skilled pump operators. FEWUP
Staff Paper #5 uses a cost of LE 0.30 per hour for a mechanized pump
operator. "Given the work habits of rural laborers LE. 0.30 per hour
for overseeing mechanical pumps seems realistic and consistent with-
1nformat10n obtained by farmer interviews" (7 ThlS rate, assumlng an 8

:hour day would correspond to the monthly salary of a young college

D vty tassan; Appendi B, B3 3.
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-trainédf"iené‘ineer in Egypt. This seems therefore to be an unusually high
: labor ‘cost.
Data collected by the University of Menoufia and presented in the
EWUP report suggested even higher hourly labor costs of L.E. 0.794 for a
Aesel driven pump and LE. 0.318 for an electric pump. No explanation
' of how -these figures were derived is presented. Within the context of

anall low llft pumps this cost seems extremely high.
'Ihe Er‘ao2000 study used the Egyptian 1977 average man-day wage rate

. 0 76 ‘as the daily cost of a skilled mechanized pump operator.

’T'IhJ.S is oons1derably lower than the rate utilized by BWUP, and is prob—

‘ ably:to 1ow.

The relatJ.onshJ.p between labor and maintenance costs were dlSCL‘lSS&d

sectJ.on on maintenance and repair costs. It was sug-

edj;tha‘ . 1n;,the case of farmer owned small punps, the farmer would be

, .1s own operator. Technically, the time the farmers spends operating

;,hJ.S pump vshould then be charged to the pump as a cost. However, trying

to s, parate the task of 1rrlgat1ng his fields, from the limited time heii
fspends startmg and regulating the pump would be difficult. Therefore_'
thJ.s study will assume that there is no labor cost for farmer owned and:
operated pumps.

For the purposes of thJ.S study the EWUP skilled labor cost of LE.

,0.30 ,,er hour w1ll be used for those pumps requiring operators. v 'IhJ.s

*cost, th.l :se ingly hig lJ.es; between the ERA 2000 and the Menoufla

daa A‘cost of LE.‘0.0¢ ‘,_p_er‘ hour will be used for the sakla“.,
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attendent wage. The sen81t1v1ty offthefpumplng costs to these

costs will be examined in the. sensltlvity analysls.‘
The Cost of Land

The third gereral cost category is land. As Brown points out,

Land serves two basic functions. It provides the space for

production to take place, and it is the repository of the phy-

sical, chemical, and biological properties of nature. (8)

The land a pump and its related structures sit upon provides the
space for the pumping operation. A use which prevents the farmer from
utilicing the lands natural properties. The farmer is unable to grow
crops on the same ground that the pump is situated and the value of this
forgone production is an accurate measure‘of the economic value of the
land. Ideally, "If there were a. perfect market such that economic con; 
siderations were the sole determinants of land values (and no landf
market anywhere fits that description) ," 9 the value of the forgone
production and the rental value would be equiﬁalent. There is general
agreement however in the literature that in most'imperfect markets "in
~the absence of prec1se data, the annual rent for similar land may be
ftaken as a reasonable est1mate." (10)

The rental value of most Egyptian agricultural land is determined
jby‘ the Ministry of Agriculture and varies as a function of the type of

~6top grown and the productivity of the soil in each district. Until.

(8 Brown, Maxwell L.; Farm Budgets, (World Bank Staff Occasional
Papers; no. 29) The Internatioral Bank for Reconstruction and
Development, John Hopkins University Press, Baltimore, 1979 pg 46.

(9 Gittinger,J. P.; Economic Analysis of Agricultural Projects,
The International Bank for Reconstruction and Development, John
Hopkins University Press, Baltimore, 1972, pg 16.

(10) grown, Maxwell L.; 1979, pg. 50.
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‘1979, a 1946 SOll product1v1ty survey was the primary data source'”for

the}:801l product1v1ty determinations. For example the rent per feddan
1n 1976 in the governorates of Sohag for land cropped with co»ton was
’LE. 30 00; with maize, LE. 15.00; and with beans, LE. 20.00.

There are some lands which are not subject to government v‘fixed‘:

.:éntSt -Lands used for horticulture, bee keeping, or livestock and poul-

: %ising are not subject to government rent control and in 1976 these
ilands‘:i"were reported to have been rented for over LE. 100.00 per feddan.
The black market rental rate was similarly reported to be over LE.
100 00. (11) Certainly this discrepancy in the rental rates indicates
that the government fixed rates underestimate the economic value of the
kland. Cuddihy states that,

During the 25 years this system has been in operation, many

changes have occurred in the physical and financial relation-

ships of production, yet rental values have not been adjusted

to reflect these movements. (12)

Consequently, this study will utilize the approximation of the
black market rate of L.E. 100.00 per feddan as the rental rate of lahd
%nd in turn the cost of fo:gonebproduction. The cost of land for thé
é@kia would then be"app;oxiﬁately L.E. 1.60 annually. This_assumés that;
;gﬁgioperation of a’sakia’réQuires approximately 64 meters2 6f land.

‘Taxes are transfer payments from the individual to the state.  They.

1do-not represent a real cost to the production process when

Cuddlhy, W., 1980, Pg.. 76
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evaluated from the perspective of the state. From the farmers financial’
';perspective ‘taxes are a 'production cost.

Whether there is a government regulated tax on pumps was never"
definitively determine¢. During a survey of the Irrigation Systems of
Middle,and Upper Egypt in 1980 I was lead to believe by same pump own_ers
that they: paid a tax to the Ministry of Irrigation., Engineers w1ththe
Ministry of Irrigation disputed this cla1m at’ that time
cubsidi

ies. ‘Subsidies' are,  in

effect, transfer payments to the pro:ect and/o farmers nithe ipro:ect.,

"In economic analysm terms e must adJust mavrket prices to r f
amount. of the subsidy. " )

‘ Subsidies are the way of life in Egypt. In the pastasub51dy
would be enacted by the Government of Egypt in response to a particular
problem. Unfortunately, what often happened is that the subsidy renalns
in effect today, long after the problem that occasioned the subsidy had
.changed. The result is a tangle of subsidies which are often difficult
.if not impossible to sort out. | For example, it is probahle that some of
ithe materials used in the construction of a sakia are subsidized and so
;the price of a sakia should be adjusted to .reflect those subsidies. In
.practice, a tremendous amount of analys1s would be required to pinpomt
ithe value of those sub51dies, and consequently the subS1dies are"

‘ignored.

a3 - Gittinger,J. P.; Eco
The ' International Bank for Reconstruction and Development, John
Hopkins UniverSity Press, Baltimore, 1972, pg 123.
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_A11 1tems such as d1ese1 fuel wh1ch are traded 1nternat10na11y w11 -

prlced at world market 1eve1s. , Such azpr1c1ngi'p011cy effectlvely s1de-i’;

steps ‘the problem of d1rect1y determin.mg th sub51d1es. : Those 1temsf
whlch cannot be priced at J.nternatlonal market prlces, will be valued ‘;at:;

thelr Egyptian marketvalue. The subs:.d:.es that are 1mp11c1t m thesef';

‘values will hopefully not d1stort t e aiysls slgnrlcantly.

Identlfxmg_ﬂnanmal_msts

For all pumps’ but the sakia the following rules were used in:deter-
mmJ.ng the f1nanc1al costs.

"l‘;.‘,;‘Egyth.an subsidized fuel costs were used.

2 : 'Ihe replacement costs were J.ncreased by 30% over the flgures used

‘m the econom:.c analysls The 30% markup_ represents the typ1ca1

Ticense fees.
s

3 'Ihe’?'repairlf? costs were increased 30% over'‘the values used in, the

*"”~_:.?i""Ihe::1nterest costs renamed unchanged in the base cdse but were
{varled from 3 to 32 % in the sens1t1v1ty analys:.s.-

It should be noted that 1ncreased custom dut:.es on the 1mportat10n

"of small gasolme and d1ese1 engmes are being proposed by some Egyptlanv

.jmanufacturmg compam.es.;': If mcreased dutles were Jmposed 1t could s1g-

;n1f1cantly aff _ct_the ,,outcome of the f1nanc1al analys:.s.

,(1@ Personal communication with' Brlggs & - Stratton. Middle .  East:
Sales Representat:.ve
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l kia = Fi ial Vi E ic Analvsi

The costs of operating the sakia are the same in the financial and
the economic analysis. The distincition between a financial and
econamic analys1s is the dlStlnCthl’l between costs and benefits accruing

to the state and those accrumg to the 1nd1v1dual. All input to the

sakla and 1ts output (water llfted) : are produced ‘and or consumed 1n‘

Egypt The costs represent real costs to both the economy of the coun-
try and. the farmer. There is no market outside of Egypt for the pro-f‘;
ducts of the animals powering the sakia. Also the Egyptian market fori
meat and mllk products is generally unregulated. Consequently, the. cost;_:

of ammal power, when calculated in terms of decreases in mllk and meati'

operatmg the sakia- w1ll be made.



Chapter IX
THE COMPUTER MODEL

A computer program was developed which models the i an

‘f1nanc1al cost character1st1cs of a pumping system. Th1s program, based
upon ‘a model developed by the authors of EWUP Staff Paper #5 is written
:u; Hewlett Packard Programming Language (HPL). The program was developed
for use on small desk top computers with very limited core memory such
as the Hewlett Packard 9825.

The program aids in the selection of a low lift irrigation pump
g"ren certain irrigation and hydraullc parameters, ‘and will perform a,‘
fmanclal and/or economic assessment of a partlcular pumping system. - A‘
data file for each system analyzed is created and a permanent copy can
be loaded onto a casette tape. Data can be 1oaded into the program fromf
va keyboard, or a cassette tape. Addltlonally, a plotting routine bullt'r

into the model allows graphlcal comparisons of the fmanc1al and}:_
‘econcmlc aspects "of alternative pumps. The various tasks this program:f
‘performs can be accessed individually or in any combination by the user.f

The program consists of a driver and 10 subroutines. All but one,;_

fof the subroutlnes are called when needed by the driver. The subrou .ne‘j

.I'"Ne" "Present Value" is called by the subroutine "In1t1ate Annual Cost

'Calculatlons LE

by the driver. At any one time only the driver, one or two subroutines,
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and one data file are loaded in memory.z ThlS mlnlmlzes the memory 81ze&
needed to execute the program.
2mpfit

Pmpfit is a subroutine which aids in the selection of an appropri-:
ate low lift pump for a given set of pumping conditions.-’ The subroutine.
asks. for 6 parameters.

1. The maximum nunber of cubic meters of water required per

feddan per irrigation;

2., The maximum nurber of feddans irrigated with one pump per.

| irrigation rotation.

3. The maximum hours per day that the pump will

be operated.

4. The minimm number of days that water is available during:

an irrigation rotation.

5. The mumber of meters that the water must be lifted. (The

eetatic 1ift required.)

6. An estimate of the expected head loss in: meters..

The Pumpflt subroutlne then calculates and displays the required
discharge (Q) in litres per second, the required total dynamic head (Ht)
in meters, and the water horsepower (WHP) required. With this informa-
tion and a set of pump performance charts the user can quickly determine
which pump best meets his needs. | | |

The subroutine will then ask for the pump model number, the
manufacturer, impeller size, cost, and installation cost. This and all
other information input in this subroutine is automatically stored in a
data file. A permanent copy of this file can be later stored on a tape‘

cassette. The subroutlne will also ask for the efficiency of the pump
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at the design dlscharge and will then calculate and display the brake‘
horsepower required to power the pump. With this information the user,
can select a properly sized pump driver and any drive linkages required.

The Pumpfit subroutine will then ask for the pump driver make and
mode), cost, and efficiency. The subroutine terminates at this point and
program control returns to the computer program driver.
0ld Data

If a punp and pump driver has already bzen selected, the Pumpfit
subroutine can be skipped and the subroutine 0ld Data called. This sub-
routine assumes that pump and driver requirements are known to the user
and asks him for those requirements and the names, makes, eff1c1enc1es,‘
and costs of the pump and drlver selected. ‘As with Pumpflt, thlS 1nfor-
natlon is stored in the data flle.
3. 1 Variabl

This subroutine, called by the drlver, enterS’Laddltlonal pumplng;

system parameters into tle data. flle., It Wlll ask the user ‘for thei
annual water duty in cubic meters per feddan, the wearout life (hours),
isalvagevvalue, and fuel’consumption of the pump and driver. The pumping
| systenlwearout life is assumed to be the shorter of either the pump or
driver pump wearoht vlife. Additional cost information including the
;cost of fuel, operator, taxes and licenses and, grease and oil is asked”
:for._ finally, this subroutlne Wlll ask the user for an annual energyp

:cost escalatlon factor. This var1able allows pro:ected energy costﬁ

1ncreases to be included in the analy81s., If:fhergy cost escalatlon 1s;

not desired the user must enter 0,
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Print

This subroutine, called by the program driver calculates fixed
costs, and annual energy, depre01at10n, and labor costs. If desired,
this subroutine then begins a printout of the costipf the pumping sys—
tem.

This subroutine called by the program driver :prints. the headings
for"the cost printout.

Initiate 2 1 Cost Calculati

This subroutine called by the driver calculates the“ annual -finan-

cial costs of a pumping system and if de51red produces alérlntout'of
these costs.
Net Present Value

This subroutine, called by the Initiate Annual Cost Calculations
suproutine calculates the net present valuelof*the pumping system and
loads this information into an array.
,iailv

printout.
Format and Print of Present Cost
This subroutine produces a printout’of ' the'ipresent ~cost’ of " ‘the
pumping system,
Use Plot
- 'fihis subroutine produces plcts of user selected cost parameters_]Of
the _pumping system. The abscissa dimensicn is feddans while the ordl;

nate dimension is Egyptian pounds.
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The ordinate veriable, selected by the user, can be:
1. Annual cost per feddan.
2 FC‘OSt per horsepower hour
3 Energy cost.
4. Operator cost.
L‘S; Repair cost.
| 6}. Depreciation
Line and data point format is user specified. Additionally, plots of

different parameters can be superimposed upon the same graph.
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- Chapter X
" ANALYSIS RESULTS

Over 170 computer runs were performed utlllzmg dlfferent pump:
drlver combinations and cost assumptions. The results of these runs
w:.ll be presented in the following chapters. First the results of the
economic and then the financial analysis of the base case models will be
presented. These base case models were constructed from what appeared
to be the most realistic technical and cost assumptions about low lift
pumping in Egypt. The sensitivty of the base case results to variahces
of the base case assumptions will be discussed in Chapter 11. A review
_ef the different cost and technical assumptions was presented in
Chapters 7 and 8.

Economic Results

This section will examine the economic costs of low lift pumping.
These ocsts will vary for any pump driver cambination as a function of
the number of feddans irrigated. This analysis will examine for com- |
parative purposes:

a. First, the economic costs of each pump driver combinatlon
operating at its maximum poss:.ble utilization per irr:.gatlon
rotation.

b. ‘iThen, the economic operating costs will be examined at a
level of utilization more consistent with actual farmer

practices.
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Static Lift of 0.75 Meters

The results of the economic analysis indicate that the most cost
effective methol of pumping at a static lift of 0.75 meters is a port-
able electric IRRI 6 inch axial flow pump. The annual pumping cost per-
feddan with this purp was L.E. 11.88. The next cheapest pumping systeﬁ&
is the Buffalo powered sakias which at L.E. 21.65 is almost twice_a$ §%f
pensive. The cost of lifting with a cow powered sakia is 7% moreﬁéihéh;
" sive than with the buffalo powered sakia (See Table 10.1).
Aside from the electrically driven 6 inch IRRI axial fldwfpumpfﬁall

other mechanized pumping systems considered were more exééhéiVéithéh

pumping by sakia. The cost of these other mechanized pumps 6h’$n,ahhﬁéi
peh feddan basis ranged from L.E. 24.10 to L.E. 100.97. |

The electrically powered 6 inch IRRI axial flow pump is signifi-
cahtly cheaper than all other non sakia pumps because of the inherent
éavantages of an electric driver over other fossil fueled driver. An
‘electrlc motor is cheaper to build, and maintain, has a longer wearout
llfe, and is much more efficient. However, the electrically powered
pump 1S~not at present an effective means of pumping in Egypt because of
ithe lack of an extensive rural power transmission network grid. Only

w1th such a grid could electric power be distributed to electric pumps

in theiflelds.

‘Thefconstruction of such a grid requires years of planning, con-

1struct10n, and scarce capital resources. It is highly imorobable that

~such a gr1d w111 be constructed throughout the fields of rural Egypt in
the next 5 to 10 years. Significant efforts are being made to electrify

all the v1llages in rural Egypt. However to extend that distribution



Pump Type

Pump Size

Driver

Driver Size

Portable or Fixed

Operator Required

Static Lift -
meters

‘Table 10.1
Econamic Analysis = Static Lift = 0.75 meters

Sakia' -  Sakia IRRT IRRI IRRI IRRI  Crissafulli Crissafulli Crissafulli Crissafulli Crissafulli ~ Cascade

3meter 2meter 6 inch 6 inch 6 inch 6 inch 2 inch 2 1/2 inch 4 inch 6 inch 8 inch
Buffalo Cow - Diesel Gasoline Kerosine Electric Gas Electric Electric Electric Electric

- . S5 HP 5 P 5 HP 3 HP 7 HP 5 HP 20 wP 10 HP 15 wp

Pixed Pixed Portable Portable FPortable Portable - Portable Portable Portable Portable Portable

yes ne no

no yes yes yes

yes no no no
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 , 0.75

10 inch
Electric

0.75 .

Annual number of

hours pumping
_per feddan

63 126 37 37 37 7 161 82 27 19 15

20

Annual cost per
feddan per
total # of
feddans irri-
qated

5 feddans
10 feddans
15 feddans
30 feddans
45 feddans
60 Feddans

27.49 26.40 -33.21: 30.99°  33.80° 16.91 ©103.06: -54.50. o
23.42. 22.33 . 21.77 29.06 31.47; :13.91 ©97.85* 48.74 82.48 60.45 61.41
22.06 TR 25.96¢ 28.10 -30.69° 12,91 ‘46,82 72.69 51.99 52.00
- - 2415 27.38 29,92 11291 62,90 43.53 42,59
' ) 59.64 40.71 39.45
: - _39.30 37.88

48.28
38.58
28.88
25.65

Max § of feddans
irrigated per
rotation per
pumping unit

Annual pumping
cost per feddan

18 N ; S a2 N 77

21.65

24.03

Probable # of
feddans irri-
qated annually

per puamping unit

Annual pumping
cost per
feddan

12

zet
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network ,vt° the fields would bel.eXtremely expensive, and perhaps more
impor‘tantly“ertranely time consuming.

'I‘he ynext most attractive alternative to pumping with a sakia is the‘
d1ese1 powered IRRI 6 inch axial flow pump. This pump at L.E. 24.10V,
kcosts L.E. 2.45 more per feddan per year to operate than a buffalo“
_-‘powered sakia. This is assuming that both pumps are being operated at
‘,thelr maxlmum capacity during the irrigation rotation.

‘The sakia irrigating 18 feddans is slightly cheaper than the 'IRRI

) dlesel pump irrigating 31 feddans. However the IRRI pump requlres only
37 hours of operation to supply the annual water requirements of 6800 m3;
per feddan while the buffalo powered sak1a requires 63 hours. Where;
rural labor is plentiful, th1s tJ.me savmgs may be of 1little Slgnlfl".
cance. Moreover, the mtroductlon of labor saving dev1ces can be‘
devastlng to the soc10 econanic fabric of a region with plentlful rural‘
‘_labor. ThlS however is not the case in Egypt.

If 1t is assumed that there 1s an opportumty cost of the farmer s

,labor, then thlS d1fference :m operatmg tlme becomes 51gn1f1cant. If

vthe pportumty cost of the farmer s labor is L.E. 0.0943 per hour, and

:the time “the farmer spends 1rrlgat1ng 1s included in the pumping costs

iof both systems, the operatmg costs of both systems woud be equal.
_. is d1ff1cult to hire farm labor in Egypt at L.E. 1.50 for an &
:hour workmg day. 'Ihls would suggest that the opportunity cost of a'
farmers labor is L.E. 0.1875 per hour.l As the opportumty cost of a‘
farmers labor increases above L.E. 0.0943 per hour the dlesel powered
IRRI 6 inch axial flow pump will become an increasingly superior

econqnic investment over the buffalo powered 3 meter "sakia. At an
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Figure:10.2.” ‘Annuals econcxnlc cost of irrigation punplng for the: Crissafulli and:
Cascade pumps.
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opportunity* cost of- L JE ’"0:187‘5‘the IRRI diesel pump 1s annually LEL

2. 43 per f‘éddan less expenswev' to operate than the sakia.

'Ihe 1rrigation tune sav:.ngs that a farmer can obtain by usmg Can
IRRI pump have not only" econamic but social implications. This is ,time
that could be utilized in family or recreational activities. "More'
| J.mportantly perhaps, a separate individual who tende the animals power—
J.ng the sakia is not required when axial flow pumps are being used.‘
This person is usually a child who could be in school if he were not-
r'eq"uired to tend the animzis powering ‘the sakia.

The econamic desirability of the sakia over the IRRI diesel powered
pump hinges on the opportunity cost of the farmers labor. Fluctuations
in the demand for Egyptian labor in other Middle Eastern countries will
affect the opportunity cost of rural labor, and | are difficult to
predict. However, the continued migration of rural Egyptians tc the
cities and other Arab countries suggests that the scarCity of rural
labor will be a continuing trend.

Again, when comparing the economic costs of pumping w1th a buffalo
powered sakia versus a gasolme powered or a kerosme powered IRRI 6
- irich axial flow pump, the buffalo driven sakia is cheaper unless the
| opportunity cost of the farmers labor is considered. If the opportunity
cost of the farmer labor is to be considered, then when that opportunity
cost equals L.E. 0.2196 per hour the cost of pumping with a gasoline
powered pump equals the cost of the sakia. The kerosine pump requires a
’vfarmer 's opportunity cost of L.E.: 0 3180 per hour to break even with. the{
‘zibuffalo powered sakia.

The level of opportunity cost of the farmer s labor at which the'

IRRI pumping costs equal the cow powered sakia costs is much lower.,'Ihe‘
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breakeven‘ labor opportumty ‘costs for the ‘diesel, gasolme, and kerosme

! "_re”respectJ.vely L.E. 0.0108, L.E. 0. 0474 and L

Excludmg the IRRI pumps, the only other pump whose econmuc
operatlng cost approached that of the sakla 1s the 10 1nch Cascade Elec-‘

and d1sadvantages as the electrlcally er.ven IRRI pump dJ.scussed above.

Static Lift 1 Mef

2An increase of only 25 centimeters of stat1c ‘-:11ft 91gn1f1cantly.'

reverses the cost advantages of the sakia over the IRRIM. ax1al flow pump x
At a statlc lift of one meter the buffalo powered sak1a 1s more costly
to operate than any of the IRRI 6 mch ax1al flcm pumps, 'I‘he IRRI 6
mch electr1c er.ven pump ‘costs L.E. 14.95 to operate per year per fed-
dan 1rrlgated. . 'l‘hJ.s is followed by the diesel powered pump th.ch costs

25, 94, the gasolme driven pump, 29.43 and the kerosme powered‘

E 32 19 per feddan irrigated. 'Ihe buffalo powered sak1a costs

LE.“\35)54kper annum per feddan 1rrlgated. 'I’he s1gm.f1cant change 1n
,sakJ.a pumpJ.ng oosts between a static l1ft of 0 75 meters and 1 meter 1s
a reflectJ.on of the relatively steep: head d1scharge curve of the sakla.
vBy comparison the head discharge curve of the IRRI axJ.al flow pumps 1s
relatively flat.

As the head mcreases the IRRI ax1al flow pump remaJ.ns the econch.-,.

cally Preferred pump up to a head of 3 to 4 meters. *f Beyond thi -a
large Cr1ssafu111 type portable pump or a fJ.xed pump ;‘smllar'ﬂto the

axial flow Cascade pump becomes more eff:.c:.ent.



Table 10,2

‘Econdmic Analysis - Static Lift =-1 meter

Pump Type

Pump Size

Driver

Driver Size

Portable or Fixed
Operator Required =
Static Lift - meters.

Annual number of hours pumping
per feddan

Annual cost per feddan per.
total # of feddans irridated

5 feddans
10 feddans
15 feddans
30 feddans
45 feddans
60 feddans

' sakia
3 meter
Buffalo
- Fixed
. yes

1

37.16

:33.09
31.73

6 inch 6 inch 6 inch
Diesel Gasoline Kerosine
5 HP 5 HP 5 HP
Portable Portable Portable
no : no no
1l 1 1

34.93 33.04 36.04
29.49 30.87 33,71
27.69 30.15° 32,94
25.87 29.43 32,16

IRRT -
6 inch
Electric
3 B
Portable
no
1

©19.92
- 16.92
15,92
14,92

Max # of feddans irrigated per o

rotation per pumping unit
Annual pumping cost per feddan .

T12.00

T20.00  29.00  29.00

~729.00

annually per pumping unit

Annual pumping cost per feddan ..

.. ...32.54"
Probable # of feddans irrigated ¢

. ,}34;1‘0 e

025,94 29,46 , '-32’219;?

25,46 .. o 2927 . £31:987 ...

©14.95 -
397

a3
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PUMPING PER FEDDAN
STATIC LIFT = 1.0 meters

‘ ANNUAL COST OF IRRIGATION
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Annual econcam.c “cost:of: J.rrlgatlon pmnp:mg for a static 1ift of
l mete.r

sl

62T



130

tual lizati

The economic characteristics of the IRRI pumps improve if the com-
parison of the different types of low lift pumps is not based upon max-
imum possible utilization within one rotation but upon a pump utiliza-
tion consistent with actual farmer use.

As utilization of a pumping system mcreases the flxed annual costs

of that system per feddan irrigated decrease srgnlflcantly. It is also

possrble ‘that other economies of size occur ‘as  a. sy tems | utlllzatJ.oni

'J.ncreases.

'Ihe IRRT 6 inch pumps are portable whlle the ’salua 1s ‘not. The

IRRI pump can be moved from one ,mrf_:ka‘_, r branch/ canal; to another. Oon-¥
sequently when one watercourse s 'rotatlon is over, the pump ‘can be ut11-
ylzed at another watercourse thus increasing the number of feddans irri-
'gated w1th one pump. The sakia cannot be moved and is unusable during
the -off rotation. Furthermore, when a meska rotation is on, a sakia at
the tail end of the meska remains unused until water reaches it.
:Upstream farmer s water use sometimes delays the arrival of water to the
1ta11 tlll evemng. Again throughout the day the sakia. remains unused.

'.'Ihe portablllty of the IRRI pump allows it to be used at any point on a

meska.

The !

'RRI pumps can be eas:.ly sha ed~'fby large groups of farmers-

because ofv‘htho:.r extreme portablllty\ and relatlvely hlgh}dlscharges.

The sharmg of these pumps would promote the most efflclent‘ se of the“

pumps and decrease srgmflcantly :';_each farmer s caplt 1:d investment in

water lifting devices.

Fgyptian farmers tend to 1rrlgate ‘to 8 hours a day. 'If an aver-

age of 8 hours of 1rrlgat10n per': day;,durlng;the., on rotatlon is assumed
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then the utilization of the pumping systems is 66% of the maximum pos-
sible utilization per rotation. This would mean that a buffalo powered
3 meter sakia would irrigate 12 feddans per annum which corresponds
closely with reported observations. Further it will be assumed that the
portable pumps are moved from one watercourse to another following the
irrigation rotation pattern. Where diesel pumps are used in Egypt this
is a common practice. The IRRI pump would probably irrigate approxi-
mately 41 feddans annually. This figure assumes a 6 day on, 6 day off
,'rotation and 8 hour pumping days.

Under these conditions the difference between the cost of pumping
w1th a. buffalo powered sakia and the cost of any of the portable mechan-t
1zed pumplng units decreases. of partlcular s1gn1f1cance 1s that the
cost of operatlng the diesel powered 6 1nch IRRI ax1a1 flow pump
decreases to L.E. 23.67 per feddan per annum at a statlc 11fe of 0.75
meters. This is only L.E. 0.80 more than the cost,ofpthe,buffalo powered
sakia. If the 0ppbrtunity cost of the farmers‘lahor?is more than . L.E.
0. 031 per hour and included in the pumping cost the d1esel powered pump
1becomes a cheaper lifting device than the sakia.

The gasoline powered IRRI pump is the cheapest of the fossil fueled
pumps when one to seven feddans are irrigated annually. However, after
'8 feddans the diesel powered IRRI pump becomes cheaper to operate. The
~far superlor wearout life and the decreased repalr costs of the d1ese1
‘drlven pump offset its hlgh 1n1t1al cost when elght or more feddans are
1rrrrgated annually.

Summary ~ Economic Results
B From the perspective of the econcmlc 1nterests of Egypt ‘the smalli

1ow lift IRRI axial flow pumps appea :vo’be the preferred alternat e toi
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lifting irrigation water by sakla. The scar01ty of“ rural labor and con-

sequently the opportunity oost of the farmersvlabor ccmbmed Wlth the'
portability of the IRRI pump results in a lower pumping cost than w1th
the sakia. As the required static lift increases from 0.75 meters to 3
to 4 meters, the economic advantages of the IRRI pumps become overwhelm-
ing.

At present the preferred driver for the IRRI pump is the diesel 5
horsepower engine. However, if an extensive rural electrical distribu-
tion network were ever to be built, the cost of pumping could be halved
utilizing an IRRI 6 inch pump driven by a 3 horsepower electric motor.

. ial - 1t

The on farm financial analysis indicates that pumping with any Qﬁ :
the electrically driven, portable pumps is less expensive than pumpmg
with a sakia. The IRRI electrically driven pump was the cheapest by a
factor of 3, followed by the Crissafulli 2 1/2 inch electric pump. 1In
the economic analysis none of the Crissafulli pumps were competitive.
This difference between the econamic and financial results is due to thej
extremely low, subsidized electric power rates in Egypt. 'I‘hese low
rates have effectively down graded the importance of a pump's eff1c1ency
and increased the relative importance of the capital and repair costs of
the pump in the financial analysis.

Financially, pumping with the diesel and kerosine IRRI 6 inch ~ punp
is also cheaper than pumping with a sakla Again, this is a reflectioh
of the subsidized energy costs. | The dlfference between the economic and
financial ocosts of pumping with the diesel powered IRRI pump was L.E.
6.77 per feddan annually at a statlc llft of 0. 75 meters. Thls is a 30%

decrease ' over the economlc costs th.ch 1s remarkable cons1der1ng the



Table 10.3 -

Financial Analysis - Static Lift = 0.75 meters

Punp Type - Sakia - - Sakia IRRT IRRI IRRI IRRI Crissafulli Crissafulli ~ Cascade
Pump Size 3 meter. 2 meter 6 inch 6 inch 6 inch 6 inch, 2 1/2 inch 8 inch 10 inch
Driver Buffalo - Co - Diesel Gas Kerosine Electric Electric Electric Electric
Driver Size - e 5 HP : S HP 5 Hp 3 HB .5 HP 15 HP 3w
Portable of Fixed Pixed Fixed Portable Portable Portable Portable Portable Portable Pixed
Operator Required ~ yes. . o.yes -t no ! no no T no- . no yes yes
Static Lift - - 0.75 0,75 - 0.75 0.75 0.75 0.75 - 0.75 0.75 0.75

meters - R LT i . i :
Annual number of 63 TS V. A 37 37 37 - 37 - 82 15

per feddan
Annual cost per

feddan per

total # of

feddans irri-

gated L

5 feddans 27.49 :26.40 128.96. 25.98

10 feddans 123,42 ; k ©22:10 -18.69 - 48.59 52.07

15 feddans 122,06 . 16.26: -36.60 39,71

30 feddans e 24,62, 27.34

45 feddans 20.62 23,22

60 feddans 18.62 21.16-
Max # of feddans 7 S8

irrigated per B

rotation per

pumping unit
Annual punping 1174300 - ]

cost per feddan Sl Sii
Probable # of < 103-: 39

feddans irri- o '

gated annually

per punping unit
Annual pumping 22,87 25,04 '16.90 19.88" 15.29 -16.11: 25.93

feddan

gated per

purping unit

EET
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Figure 10.4.  Annual on-farm cost of irrigation pumping.
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decrease over the economic: costfﬂwhlch is remarkable cons1der1ng the

replacement and repa1r costs in the flnanclal analy51s are 30% ~hlgher
than in the economic analysis.

‘The pumping cost distortions caused by the subsidized fuel prices
fare not proportlonal for all pumps. The gasoline driven IRRI pump cost
,only L E. 1.20 less to operate in the financial analysis than in the
econanlc analysis. On the other hand the Crissafulli 2 1/2 inch elec-,
tric pump operating cost fell'L E.1 30 76.f These differences reflect
significantly different levels of energy subs1d1es for different fuels
by the Egyptian government.

Clearly, the energy subS1d1es d1stort the costs of low 11ft pump-
ing. The financial cost of all”mechanlzed pumplng is less than the
econqnlc costs. Generally, 1t appears that the 1ntroduct10n of mechan-
ized pumping should be enhanced by such distortions. However, these
distortions also encourage the utilization of the economically inferior,
less efficient mechanized pumps over more efficient mechanized pumps. A
further con51deratlon is that the artlflcally low energy prices

:encourage current pump owners to contlnue to operate their worn out

pumps 1nstead of replacing them.

If a market were to develop in Egypt°z ‘“jfpﬁmbs, it would
nost probably be limited to those farmer whose~present pumpung dev1ce
~was no longer operable.

If electrlc pumps are excluded from consideration because of the'
lack of an extens1ve rural power grid, the diesel powered IRRI pump
.Stlll remalns a flnan01ally v1able alternative to pumping with a sakia.

At the ~maximum utlllzatlon rate per rotation the diesel IRRI pump is

L E.. 4 20 cheaper per feddan than the 3 meter buffalo powered sakla.
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sidered, the financial advantages of the diesel pump are overwhelming.

As in the econamic analysis, when the pumping costs are analyzed
assuming a pump usege consistent with actual farmer practices or with
static lifts greater than 0.75 meter, the cost advantages of the IRRI
pumps improve considerably.

The combination of highly subsidized energy prices, a dwindling
rural labor supply, and the technical efficiency of the IRRI pumps
result in their considerable financial cost advantage over the sakia.
only extreme changes in same of the basic cost assumptions could over-

turn this advantage.
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,Chapter XI
~ SENSITIVITY ANALYSIS

‘vtrfhé éénsitiﬁity aﬁalysis will be divided into tﬁo subsections; The‘:
éensitivity of the econamic results to changes in cost and perfo:mance
assumptions will first be discussed. Then the sensitivity of the finan-
cial results will be examined.

Cost of Animal Power

The cost of operating a 3 meter buffalo powered sakia varies £from
L.E. 16.74 to L.E. 27.44 per feddan as a function of the animal‘power
f 6Qsts assumed;~ (These figures and all others in this section unless
specifically stated are based upon the maximum utilization of the
sakias.)

The avérage value was L.E. 21.43, the high value of L. E. 27.44 was
'based upon a buffalo power cost of L.E. 0.30/hour, and the low value of
L E. 16 74 was based upon a buffalo power cost of L.E. O. 130. The high
‘,value power cost of L.E. 0.30 is the mean value of a survey of rental
H;qtgs by WHUP. The low value power cost was determined by Dr. Forrest
.Wai£§F5; -utiliéing‘ estimated animal meat and milk production lossec
'éétéed by the animal labor;f See chapter 7 for a discussionJfothe:Y§ti;j

- ous power costs.

The base case buffalo pover cost was L.E.. 0 208'per ‘hour - and, we

'derlved by Dyer. ThlS translates into a pumplng costvof L E ﬁ21 65.?

This is surprisingly close to the average of the d1fferent an1ma1 'pow f;



Purp Type -
Punp Size
Driver
Driver Size
Static Lift
Base Case
Parameter

Value of Parameter

Max # of feddans ittigated

per rotation

Pumping cost per feddan
at max # of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
puping unit

3 neter
Buffalo

0.75

Rate — BAUP .

. Y4

0.30/Bour

s

27,44

Sakia
3 meter
Buffalo

0,75
Base Case

Rate from -

" Dyer

© 0.208/Bour

: 18

e

"'ihhhlll
'monamcmpactofVatymgAninalPowerOosts

Sakia
3 meter
Buffalo

0.75

Rate from

Walter

B $21

.130/Bour
SURS

16.74

'3 meter
Bl.lffalo

0. 75
Halters

updated with
1982 prices

- .180/Bour

19.88

21.10°

*alters updated vith 1962 prices and the opportanity cost Of bread restrictions due to aniaal pover requizensnts.

BET:!

32.63 2482
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ANNUAL COST OF IRRIGATION:
PUMPING PER FEDDAN ° =
' COMPARISON OF ANIMAL LABOR COSTS -
| STATIC LIFT = 0.75 meters

Figure 11:3:  Annual ‘economic cost ofirriqation pumping for varying: animal labos costs:.
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'cost assumptlons.-. When Walter s buffalo power cost 1s rev1sed to
?reflect 1982 m11k and meat pr1ces, then 1t 1ncreases frcm L.E. 0. 130 tor
EL E. 0 loo. ThlS results in a pumping cost of L.E. 19.88 and would sug-
:gest that the base case animal power cost 11es on the lower end of the(
an1ma1 cost estimates.

If the base case animal power costs are low, then the IRRI 6 1nch
axlal flcw pumps may be more advantageous than indicated by the base
‘case ana1y51s. For example, if the buffalo power cost was 1ncreased 15%
the annual pumping costs of irrigating one feddan would increase to L.E.
23.60. This is only L.E. 0.50 less than the cost of irrigating with a
d1ese1 powered IRRI 6 1nch pump and at a utilization level more con-
slstent w1th farmer pumplng patterns, 1rrlgat1ng with the sakla would'
then cost L E. 1.16 more. than w1th the IRRI d1ese1 pump

| CQst_gi_mel

When all the base case fuel costs 1nclud1ng an1ma1 labor_costs are

1ncreased by 15% the dlfference between the pumpang costs usrng fossir
ifuel driven IRRI pumps and the sakia costs decrease. The sakla is then
.only L.E. 0.527 less expensive per feddan on an annual basis than the
diesel powered IRRI pump. This is a clear example of theyaincreasing
importance of pump efficiency as energy prices rise.

Interest Rates

Surprisingly, as the 1nterest or discount rate is varied for all
pumps from 9 to 17%, the IRRItpumps become more attractive. While some
of these pumps require larger initial capital investments than ‘the

sakia, because the IRRI pump can irrigate a significantly larger



Pump Type -
Pump Size -
Driver
Driver Size
Static Lift
Parameter

Value of Paraneter

Max # of feddans utigated

per rotation

Punping cost per fedda.rl, f
at max # of feddan o
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
punping unit

3 meter
Buffalo

"0.75

. Dyer x

1.15

‘0.239/Hour
e

23.60°

Table 11.2
Economic Impact of Varying Fuel Costs -

6 inch 6 inch 6 inch’
Diesel Gasoline Kerosine
S HP 5 HP S HP
0.75 0.75 0.75
International International International
x 1.15 x 1.15 x 1.15
0.275/Litre 0.273/Litre 0.314/Litre
31 ‘ 31 31
25.82 29.38. 32.19

~6 inch-. .
Electric
3 HP
0.75
Modified
Berger x 1.15

0.221/kH -

k3§

13.16

: 1V2‘;.9>z_;.

S 103

FERNE &E_’
10 inch -
Electnc

0.75
Modified

Berger x 1.15 i

0.221/KwH
38

25.20

SERT



ANNUAL COST OF IRRIGATION
PUMPING PER FEDDAN

BASE FUEL COST X IS
STATIC LIFT =0.75 meters

IRRI:
GASOLINE
— :

= ___,IRRI: DIESEL

: R RIEE S EAR CASCADE:
_ T~ @ SAKIAs; - : ' ELECTRIC
E - 3 METER:
= R | ) - ) 3
FEDDANS

“Figure 11.4. Annual economic cost of irriqation pumping for increased fuel costs.
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Pump Type
Purp Size -
Driver
Driver Size
Static Lift
Parameter

Value of Parameter

Max § of feddans 1rri.gated

per rotation :

Pumping cost per feddan
at max §# of feddan
irrigated per
rotation

Probable # of feddan:
irrigated annually
per pumping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
pumping unit

i3
Economic Impact of Varyinglnteresx. Rates - 9%

Sakia - om0 mEm e
3 meter ' 7 6 inch 6 inch - ¢ ~ 6 inch
" Buffalo: - Diesel “Gasoline ) Kerosine
S - . 5HP "5 HP “ 5 HP
- 0735 - . 0.75 0.75 .0.75
,‘:::Interst Rate Interest Rate Interest Rate ' ' Interest Rate
o ’ oy % 9%
3 31
29.71

6 inch
Electric

0.75
Interest Rate

31

11.63

Crissafulli
8 inch
Electric
15 HP
0.75
Interest Rate

35.74

. 103 :

35.09

Cascade
10 inch
Electric

0.75
Interest Rate

58
22,69
39

724.40"

ST



Pump Type -
Pump Size
Driver
Driver Size
Static Lift

Parameter

Value of Parameter

Max # of feddans irrigated

per rotation

Purping cost pet
at max # of fe
irrigated per
rotation

Probable # of fe
irrigated anm
per gumoing ur

Pumping cost per
at probable #
feddans irrige
pumping unit

‘eddan
an

ly

d per

3 meter
_ Buffalo

0.75

Interest Rate

17%

18

Econamic Impact of Varying Interest Rates - 17%

IRRI
6 inch
Diesel

5 HP

0.75

. Interest Rate

AT
)

[24.59

Table ﬁ.d

IRRI
6 inch
Gasoline
5 HP
0.75
Interest Rate
17%
31

27.53

IRRI
6 inch
Kerosine
S HP
0.75
Interest Rate
17%

31

30.08

: a .

129.85

IRRI
6 inch
Electric
3 HP
0.75

Interest Rate
17%
31

12.13

Crissafulli
8 inch
Electric
15 HP
0.75
Interest Rate
17%

n

37.96

36.74

Cascade
10 inch
Electric
3 HP
0.75
Interest Rate
17%

58

25.73

139

28.93

9vT
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area than the sakia, the increase in cost per feddan due | to increasing
interest rates is smaller fdr‘ the IRRI pump than for the sakia.

Operator Costs

The base case assumed that all IRRI pumps would be farmer operated.
If this is not the case, and an operator needs to be hired BEWUP surveys
indicate that L.E. 0.30 per hour is a good estimate of the prevailing
wage for trained pump operators.

The inclusion of an operator cost significantly increases the cost
of pumping with the IRRI pump. The buffalo powered sakia is then L.E.
10.“0,1 cheaper than the IRRI diesel powered pump at a static lift of 0.75
‘meters..

Hearout Life

The wearout life of the buffalo powered sakia and the IRRI pumps
wasf varied + 33% from Ehe base case values. All the pumps analyzed
showed far greater sensitivity to the decrease in wearout life than to
sh, increase in wearout life. As the wearout life of the sakia and IRRI
pumps was increased ’ the cost of pumping with an IRRI pump approached
the cost of pumping with the sakia.

'I‘he decrease in wearout life by 33% resulted in a new annual sakia

pumpmg cost of L.E. 22.80 and the diesel driven IRRI pump cost changed
Eto'LfE. ; 25' 99 per feddan. The difference between these pumping costs,

’ '13 l 3 tlmes the dlfference between the base case costs. When




Pump Type
Pump Size
Driver
Driver Size
Static Lift

Parameter

Value of Parameter

Max # of feddans irrigated

per rotation

Puping cost per feddan
at max ¢ of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per purping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
pumping unit

6 inch

Diesel

S5 HP

0.75
Operator cost

<30

o }6.3],

.88

Table 11.5°
Economic Impact of Operator costs

IRRI
6 inch

Gasoline
5 HP
0.75

Operator cost

.30 '
B

38,57

38,40

IRRI
6 inch
Kerosine
5 WP
0.75
Operator cost
.30

31

S an

£ 40,92

. IRRI
6 inct
Electric
S HP
0.75
Operator cost
<30

K}

23.09

-22.85

8Vt



Putp Type
Pump Size
Driver
Driver Size
Static Lift

Parameter

Value of Parameter

Max # of feddans irrigated =

per rotation D
Purping cost per feddan
at max # of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Purping cost per feddan
at probable # of
feddans irrigated per
pumping unit

Table 11.6°

aconcm.cmpactof\rarying Wearout Life ~ Base Case Wearout Life x 1.33

| .
3 meter
Buffalo

0.75

life x 1.33
20,000 -
18

A

1z

IRRI
6 inch
Diesel

5 HP

0.75

Base case wearout
life x 1.33

10,000
31

- 2316

oz

IRRI
6 inch
Gasoline
5 HP
0.75

Base case wearout
life x 1.33

2666
31

26,16

IRRI
6 inch
Kerosine
5 HP
0.75

Base case wearout
life x 1.33

2666
31

28.58

a

. 28.40

as



Pump Size -
Driver

Driver Size
Static Lift

Parameter

Value of Parameter

Max # of feddans irrigated :

per rotation

Punping cost per feddan
at max # of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per punping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
pumping unit

Table 11.7

E:conamcInpactofVarying Wearout Life — Base Case Wearoat Life x 0.66

3 meter.
Buffalo

0.75

life x 0.66. -

© 10000
'“1'-_‘18’ L

IRRI
6 inch
Diesel

S HP

0.75

Base case wearout
© - -life x 0.66

5000
31

25.99

IRRI
6 inch
Gasoline
S5 HP
0.7

Base case wearout
life x 0.66

1333
31

29.75-

41

©29.58

IRRI
6 inch
Kerosine
5 HP
0.75

Base case wearout
life x 0.66

1333
31

32.52

32.34

08T
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2. 09 at the maximum number of feddans irrigated per rotation level 'and
,L E. 0 43 at the probable number of feddans irrigated annually.

‘The gasoline and kerosine pumps showed the greatest change in pump-
ing costs as a function of a change in wearout life. This is to be
expected as annual depreciation is a larger percentage of their annual
cost of pumping than with the diesel powered pump.

Repair Cost

The repair costs of the sakia and the IRRI pumps with different
driver configurations were varied + 25% from the base case. An increase
of 25% in the repair costs of the IRRI pumps significantly affected the
.cost of operating the IRRI pumps. The annual cost of pumping with the
sakla 1ncreased to L.E. 23.03, an increase of L.E. 0.16 from the base

'case. 'Ihe IRRI dlesel drlven pump operating cost increased L.E. l 57 to

. 25"24.‘ ThlS is a 7% increase. The gasoline and kerosme pumpsj

‘ ‘as sensrtive to the increase of repair costs.

| ”‘The decrease in repair costs by 25% resulted in a 7% reduction: in
thecost of pumping with the diesel driven IRRI pump. When ‘the: repaJ.rii

oosts are 25% less than the rate used m the base case, ‘the
of pumpmg is L.E. 0. 61 less per feddan with. the IRRI}dJ.esel_,,p‘
w1th the buffalo powered sakia.
Fi ial _ itivity Analvsi

The purpose of the financial analysis 1s to determme 1f the most;
econaxucal low lift pumps are also attractJ.ve to the farmer fmancrally.’
Therefore, in the interest of smpllcrty the analysis of the sensitivity
;of the financial results will be limited to those pumps that are the
more econamical choices. Those are the sakia and the IRRI axial flow

pumps. The question tov‘ be answered by the sensitivity analySis;yisf



Pup Type
Purp Size
Driver
Driver Size
Static Lift

Parameter

vValue of Par..._.

Max # of feddans izrigated,z

per rotation

Punping cost per feddan )

at max # of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Punping cost per feddan
at probable # of
feddans irrigated per
pumping unit

S Table 11.8 ; o
Econamic Ingact of Varying Repair Costs - Base Case Repair Costs x 1.25'

-3 meter: - 6 inch 6 inch -
: anfalo : Diesel Gasoline
5 HP 5 HP
0.75 B 0.75 o 75
:Base case repa:ll: cost Base case repair cost Base case repail: cost
S xllv25 G ’ x 1.25 X 1.25
0.209 -
A
25.67. 292"
12 a ‘a
s 129,06

6 inch
Kerosine
5 HP
0.75

Base case repair cost
x 1.25

32.76

est



Purp Type -
Putp Size
Driver
Driver Size
Static Lift

Parameter

vValue of Parameter

Max # of feddans irrigate
per rotation -

Putping cost per feddan -
at max # of feddan -
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Punping cost per feddan
at probable # of .
feddans irrigated per
purping unit )

- Economic Inpactofvuymgnepair Costs’ Base (hse Repair Costs x 0.75

3 meter
Buffalo ’

6 inch
Gasoline
- 5 HP
0.75 0.75
Base case rqaa.iroost_'_’i

Base case repair cost
T x0.75 . ‘

x 0.75
.008
18

s

% C 2.0

. 6-inch:.

- Rerosine -
. S HP-
- 0.75

‘Base case repair cost

x 0.75
0.150

. 21.98

JEST
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whether reasonable varlatlons 1n any of the costfor"technlcal parameters;

w1ll 51gnif1cantly change the f1nanc1a1 costsof {the more eoonanlcalg
pumpung units.

The impact of changlng fuel,)and operator costs, and w1de varla—l
tions in interest rates wall be dlscussed in: the follow1nq sectlon.

The sub51dlzed prices of the fossil fuels and electr1c1ty were dou-’
bled in oxder to analyze the financial impact of changlng government
SUbSldleS. While the costs of operating the pumps increased, only‘ the
1ncrease ln the cost of operating the gasoline driven IRRI pump was 51g-
n1flcant. The operatlng costs of the other IRRI pumps: remalned less
than that of the 3 meter sakia.

The substant1a1 increase in the cost of operatlng the gasoline
powered IRRI pumps is a reflectlon of the relatlvely small government
subsidy of gasoline prices in Egypt.

Operator Costs

When an operator cost of L. G. 0. 30 was 1ncluded in the operatlng
cost of the IRRI pumps all but the electrlcally driven pump were more}
expensive to operate than the sakla.r The costs of running the dlesel,
gasoline and ker051ne IRRT pumps respectlvely was L. E. 28 66, L.E,
37. 41, and L E. 31.31. In the case of the dlesel pume th1s 1s a 64%p
1ncrease in operatlng costs. The gasollne pump operatlng cost 1ncreasedf
by 43%, the kerosine pump costs 1ncreased by 56%. | The electrlc IRRI

pump's operating cost 1ncreased tosL,E.ﬁ 16 14.



ﬁFlnan01al Impact of Douhllng the Suh51dlzed Fuel Costs

Pump TYPe
Pump Size

Driver
Driver Size
Static Lift
Parameter

Value of Parameter’

Max # of feddans 1rrlgated:

per rotation

Pumping cost per feddan
at max # of feddan
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
pumping unit

Sakla
3 meter
Buffalo

0.75

Buffalo Iabor

Cost Dyer
0.208
18

21.65

12

Table ll 10

IRRI
6 inch
Diesel
5 HP
0.75
Egyptian
Cost x 2

0.049
31

1059,

IRRT
6 inch
Gasoline
5 P
0.75
Egyptian
Cost x 2

0.30

34.61

IRRI

6 inch
Kerosine

5 HP

0.75
Egyptian
Cost x 2

0.058
- 31

a7

i?i§5%%

6 inch ..
Electric
3 HP
0.75
Egyptian
Cost x 2
0.030

3

'5.59




Pump Size
Driver
Driver Size
Static Lift
Parameter

Value of Parameter

Max ¢ feddans irrigated
per rotation o

Pumping cost per feddan
at max # of feddan

irrigated per
sotatior.

Probable # of feddans
irrigated annually
per pumping unit

Punping cost per feddan
at probable # of
feddans irrigated per
pumping unit

"~ 3 meter
Buffalo

0.75

@erator Cost

0.05
©o18.

“2.1,-65:

Sakia
-3 meter
Buffalo

0.75
Operator Cost

0.10
18

%0

" Tabl ;ie n..n )
Financial Inpact of Operator Costs

IRRI
6 inch
Diesel
5 HP
0.75
Operator Cost

0.30
31

IRRI
6 inch
Gasoline
S B
0.75
Operator Cost

0.30
31

.37.41

6 inch
Electric
"3 BP
. 0.75-

Operator Cost . .

0.30

16.14




ANNUAL COST OF IRRIGATION

" PUMPING PER FEDDAN
FINANCIAL ANALYSIS-ON FARM COST
COMPARISON OF LABOR COSTS

STATIC LIFT=0.75 meters

.- 4 IRRIs KEROSINE

‘= L. E. @.308/HR.

~_+SAKIA; 3 METER
- LE. B.1B/HR.

———, SAKIA: 3 METER

= L.E. @.85/HR.

— IRRI: DIESEL

) — L. E. B.38/HR.




158

If however the time the farmer spent irrigating was also included
as a cost, and that time was valued from L.E. 0.20 to L.E. 0.30 an hour,
the IRRI diesel vump operating costs would approach the sakia costs.
The sakia pumping costs are also sensitive to the operator labor cost.
When the sakia operator cost was changed f£rom L.E. 0.05 to L.E. 0.10 per
hour the pumping cost of the sakia at J.ts ‘maximum utJ.lJ.zatJ.on rate
increased by 20%. However, w1th an Operator cost of L. E. 0. 10/hour the
sakia is -still financially cheaper to. operate than any of the foss:.l
fueled IRRI pumps with labor costs of L.E. 0.30/hour.
lnterest_xat_e

'.[Wo J.nterest rates were selected for the . fmanc:.al sens:.tJ.VJ.ty
analysls. : A 3% rate was selected because many of the agr:.cultural
‘credJ.t loan programs use similar rates. The second rate selected was
32{& 'Ihe World Bank suggests that this rate is an average of rural.t
mterest rates worldw:.de. (1)

The IRRI diesel, kerosine, and electrically driven pumps had lower
operating costs than the sakia at both the 3% and 32% rate. The gaso-
line powered pump was always the most expensive pump to operate. As the
interest rates rose, the operating cost advantages of the diesel, kero-
sine, and electric IRRI pumps improved. This is due to the much larger‘
v‘number of feddans these pumps can J.rrJ.gate. 'I‘hJ.S characterJ.stJ.c offsets’l
lthe hJ.gher replacement costs of the IRRI pumps.

D yor1a Bank, Agricultural Credit:_
~ ington, D.C., World Bank, 1975.



. : -
Pump Size
Driver
Driver Size
Static Lift
Parameter

Value of Parameter

Max # feddans 1rrlgated 'ii-;

per rotation

Pumping cost per feddan. 3

at max # of feddan -
irrigated per
rotation

Probable # of feddans
irrigated annually

per pumping unit

Pumping cost per feddan
at probable # of
feddans irrigated per
pumping unit

Table 11.12

 Financial Inpact of a 3% Interest Rate

- IRRI IRRT IRRY IRRT
6 inch 6 inch 6 inch 6 inch
‘Diesel Gasoline Kerosine Electric
5 HP- 5 HP 5 HP 3 HP
1075 0.75 0.75 0.75 0.75
Interest Rate Interest Rate Interest Rate Interest Rate Interest Rate

3% 3% 3% 3%
31 31 31 31

15.86 125.67. 11952 REER

1570 2sse 403

65T



Pump Type
Pump Size
Driver
Driver Size
Static Lift
Parameter

Value of Parameter:’

Max # feddans irrigated

per rotation

Pumping cost per feddan -

at max # of feddan .
irrigated per
rotation

Probable # of feddans
irrigated annually
per pumping unit

Pumping cost per feddan
at probable # of

feddans irrigated per

pumping unit

Financial Tmpdct Of 4 32% Interest Rate
~sakia’

Diesel

207

~20:18.

e TP ¥ I

R

IRRT

Kerosine

Electric

6.46

579

09T


http:26.75.20.72

F:Lgure 11.6.  Annual-on-farm cost-of irrigation pumping assuming a-32% interest:rate.:

ANNUAL COST OF iRRIGATION
PUMPING PER FEDDAN
.. FINANCIAL ANALYSIS-ON FARM COST
”\ - INTEREST RATE=32% -
w STATIC LIFT=0.75 meters

xt::tngiijai

-*'Q—--.: IRRI:
IRRIs

‘GASOLINE

KEROSINE
DIESEL

o Q AT T D
B

'FEDDANS -

a0l

ot


http:LIFT=O0.75

1

Chapter XII
SUMMARY

The national coste‘of'lifting water ﬁith the sakia Qefe}éetermined;
A'Bﬁffalo driven sakia irrigating 12 feddans cost LE 22;87ﬁpef feddan to
operate on an annual basis. This cost was compared with the operating
costs of other low lift pumping devices. : |

The least expensive pump to operate was an axiairflow pump designed
by the International Rice Research Institute (IRRI) in Los Banos, Phi-
llpplnes. This pump can be constructed in alnost any developing country
because of its simple design. Furthermore it is light enough that it
ceﬁibe hand carried by two men. The electrical powered version of thisu‘
pﬁméy cost LE 13.51 annually per feddan to operate assuming 12 feddans
wereﬂirrigated and the cost of electrical energy was LE 0.192 per KWH.
It{ZWOuld be feasible to irrigate 41 feddans with this pump because of
’its high discharge. If 41 feddans were to be irrigated the annual pump~
ing costs of this pump would drop to LE 11.64 per feddan annually.

fThe lack of an extensive electrical grid in Egypt limits the}“
immediate applicability and portability of an electrically driven pumPff,
The‘sahe IRRI pump with a diesel driver is consequently more pfactieal"
than the electrical version. The diesel driven pump cost LE 27.05_pe;ei
feddan to operate assuming 12 feddans are irrigated and the coetﬁxbf§3

diesel fuel was LE 0.239 per litre. The portability of this,pumpf”,
its high discharge suggest that 41 feddans could easily be i:;igaﬁeag
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;w1th one pump The annual’ operatJ.ng costs of the pump would then drop
:‘;to LE 23 67 per feddan.

ThJ.S cost is still slightly higher than the operating cost of the
‘;,‘sakla. . The sakia however must operate 63 hours to provide the annual
fmean 1rrJ.gatJ.on requirement per feddan. The IRRI pump can lift the same
,'quantlty of ‘water in 37 hours. The IRRI pump is 60% faster and conse-

quently the farmer need spend 40% less tJ.me 1rrlgat1ng than with the

salu 1If the opportum.ty oost of the farmer 8 labor 1s oonsldered the
f-IRRI dJ.esel pump beoomes more econom:rcal than the sakla. ' For 1nstance,
v.'l.f an opportum.ty oost of LE 0. 03 per hour was assigned to the farmers
'labor the cost of operatlng the two pumps becomes equlvalent. A more
realJ.stJ.c est:.mate of the opportum.ty oost of the farmer's labor is LE'
:0 18 three times hJ.gher than the break even opportunity cost. The IRRI
idlesel powered axial flow pump is oconsequently the preferred 1rrlgat10n‘}
water lifting device from the Egyptian national economic perspective.
The on farm or farmer costs of pumping with the mechanized pumps
;are sJ.gm.fJ.cantly cheaper than with the ammal powered sakias. ThlS
: dlfference is primarily due to the enormusly subs1dlzed foss1l fuel.
'_:’prJ.oes 1n Egypt. While same mechanized pumps such as the IRRI axlal
’flow pumps were shown to be econamically superior to the sakla, other
: pumps which are highly inefficient and consequently much more expensive
:than the sakia in the econamic analysls are SJ.gm.flcantly cheaper than
'the sakJ.a in the on famm cost analys1s. In fact, there is at present a
surge m the use of highly 1neff1c1ent oentrlfugal diesel powered pumps !
by Egyptlan farmers. There is a correlation between the relatively low
farmerpumplng costs for inefficient diesel pumps predicted by the com-
puter model used in this analysis and the low operating costs implied by
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the surge in the use of these pumps by Egyptian farmers. This correla-
tlon tends to validate the accuracy of the computer model.

. In the long run this analysis demonstrates that present farmer
demand for mechanized pumping can be expected to contmue as long as a:‘
subgrade dellvery system is utilized and energy prlces are subs1d1zed.f_‘"

| Unfortunately, the farmer has no mcentlve to ut111ze the most eff1c1ent’_,yi:

of ythe 'Amechamzed pump models. Consequently, the chomesthe farmer 1st

presently makmg are not m the 1ong term natlonal ECO’GIIJ.C mterests of ;i.‘
Whether 1ow llft pumpmg 1s preferable to an_‘ above grade ;:grav1ty;;

feed system or some canbmatlon of the two systems can not presently be
determmed. An economic and technical analys1s of the costs of con-i‘
structmg and operating a new above grade system versus the costs of a{
sub grade system with lifting would have to be determined. Additionally'
the issues of a centralized versus a decentralized delivery sYstem
admmlstratlve structure and the 1ntroductlon of free market forces m};
11eu of centrallzed planmng w1ll mfluence the selection of a dellvery.'fff
system. However, whatever the objectlves of the policy makers, the .
1mplementat10n of those objectives in an efficient manner w1ll be signi-
ficantly aided by a scientific analysis of the - irrigated agricultural ‘r

system. -
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 Appendix A

Computer Model
User's Manua1 ‘



ThlS is the program drive or conductor. ‘ This rout1ne, depending
-Zupon user mput, chooses the appropriate subroutmes and the1r order
of execut-ion and then initiates the subroutine ,cal-l. . 'I‘hJ.s rout1ne can
’be broken up into 4 sections.

Section 1. Handle data»input.
,Sect_ion 2. Comnands the ccmputatlonal processes and the
- .prlntmg of the annual oost calculatlons.
Section 3. Oontams the data check procedure
Section 4. Commands the printing ‘of the present oost
calculatlons and the plotting routme.

It should be noted that the actual computation of th - ‘present’ Gost
'values 1s done when the annual  cost values aré'.f.; oeing: camputed m
»sectlon 2.

This subroutine |

requ1red d1scharge

break horsepwer.;; _ThlS 'ubroutm,»___also,perfoms;all the data mput

function of subroutm .‘ OLD, DATA. "
01d pata
a pump and pump drlver has already% been selected the Pumpfi

‘subroutlne can be sklpped vand ‘fthe sub

_subroutlne assumes that pump and driver: requirements are knownto the'?}



‘for the annual water duty in cub1c meters per :feddan‘and,' 'athe wearout'

-llfe (hours) ' salvage value, and fuel oonsumptlon of the pump and pmnp
: dr:Lver. 'I'he pumping system wearout life 1s assumed to be the shorter
fof- 2 e1ther the pump or driver wearout l:Lfe. Addltlonal cost
Jimformatlon mcludmg the cost of fuel, operator, taxes and licenses
and grease and 011 is asked for. - Fmally, th:Ls subroutine w1ll ask;

:' the user for an annual energy cost escalatlon factor. | 'm:Ls var:Lablef,-

:allows progected energy oos‘.. mcreases to be mcluded in the analys:.s.rrff_i
If energy oost escalatlon is' not dertired the user must enter 0.
ThlS subrout:me, called by the dr1ver, : calculates fixed 'costs,

and annual energy _,"."v'deprec1atlon, and labor oosts
'subroutme then beglns a prmtout of the fmanc1al 'cos of p
system.

Header
This subrout1ne= called by the’ ‘driver: prmts the headmgs for: the'

f1nanc1al oost;_;prmtout'.’
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of these costs.
Net Present Value
This subroutlne, called by the ]NI'I‘IATE ANNUAL .QOST - (.ALCULATIONS§

subroutme calculates the net present value oz: the pumpln qrsm_
;_'rloads this 1nformat10n ko’ an array.

This subroutine called by ' the driver.  completes :the' annual
financial cost printout.
Format and Print of Present Cost

This subroutine produces a printout of the present cost of the
pumping system. It asks the user if a present cost printout is
desired. Upon an affimative answer the subroutine prihts the present
cost table. Command then returns to the driver. |

| Th:.s subroutme produces plots of user selected cost parameters

,'of‘ th pumpmg qrstem. The abscissa dimension is feddans while the

,;ordl te . d:unensmn is Egyptian pounds. The ordinate variable,

selectediby the user, can be: |
lAnnual cost per feddan
Present cost per feddan

;,{COSt per horsepower hour.



7 Depr,,clat;on

The following is a santpie run of Program WLDRV1'

Console on

Disc Drive on

;PrJ.nter on - on 11ne

: 2.
: 3 .'~
4. '

5.

6. 1

Bample

" Insert Disc

Type CAT and then press the RUN key:

Type GET "WLDRVL" - the nane Of the file on the disc.
:fl‘:,:essh he w0 Koy , T o
WIDRVl the driver of a prc)gram“which' determines the present- value:
V,,;‘and annual costs of pumping system
WATER LIFTING COST

'NBW DATA 1, OLD DATA 2

Enter 1 or 2

Bamge 1 préss CONTINE key
’*Enter 1 or 2 :

cmegs s CHTIVE ey
FIIE #

AEnter the fJ.le number

*,'4‘ " press CONTINUE key

"Note-.‘ the tape must have already been formatted before data can
'?be loaded onto 1t. - See 9825 operating manual for tape formattmg

mstructlons.-
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8. DATA PREPARING DATE:
DDMMYY
Enter the day - two digits
Enter the month - two digits

‘Enter the year - two'digits
Example ‘ 2 @
the 22 day February 198

'Press CONTINUE
9. DZ\TA PREPARED BY

" Enter your name -

Exanple “Henry Ridgely Horsey

Press (IJNTINUE -
CALL ‘PUMPFIT - YES 1 (a subroutine which aids in the  selection’ of a

‘If you want to use ‘thlS

‘ub' 'utme type l and press (DNT]NUE,i

‘l’othermse do not type?anythmg ‘and press CONTINUE B
se of subroutlne PUMPFIT and all other

Instructlons on -t
'subroutlnes called fby‘, WLDRVl follow these instructions.
Example l AR press CONTINUE

If you call PUMPFIT, upon the completion of PUMPFIT »th

WJ.ll return to WIDRV1 but the next subroutine OLD DATA“WJ.l“ be}

J.tted.
If you do not use the PUMPFIT subroutine OLD DATA 1s called ; "The'_;

operatlng> mstructlon for subroutine OLD DATA follow the mstructlons

e compl tlon of subroutme PUMPFIT or. OLD VDA A,,;, subroutmef

LGENERAL VARIABLES ‘i ‘automatlcally called The operatJ.ng 71nstructJ.ons"




J.nstructlons.

Upon the com letlon of subroutlne PRINT or if a prmtout 1s ]notf

wanted control return_ tO;WLDRVl: {,",\'At that pomt one of two sequencesf
occurs.

Sequence I If a pr1ntout 1s not wanted subroutine INITIATE ANNUAL COST

. ‘_"1s called and once completed command returns to

’RV1 vand the DATA CHECK section of WLDRV1 begins, . noj

user 1nput is requlred ‘during the INITIATE ANNUAL (DST'
CALC subroutme.

Sequence II If a prmtout 1s de51red subroutines HEADER, TZNITIATE

| ANNUAL CDST r“LC., and TAIL are called. | 'Ihe annual cost}

table is. pr1nted and command returns to WlDRVJ_. Nouser
fmput is ~regg1ﬁred_rdnr1ng this seque_nce._\

DATA OORRECT Y YES; N NO’

Enter Y if the data is correct or N if not. Lﬁ Y'is ,typed the

following sequence occurs, 11. N is typed the program_j umps down to
WANT TO CHANGE DATA? ';;Example Y press
 CONTINUE
MAKE ‘QOPY? YES -Al.
Enter 1 if another annual cost table is desired, 0 if not. CUIETL is.
'entered the print sequence described above is repeated.

Example 0o press CONI']'NUE .

WANT DATA LOADED ON TAPE? NO - N
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Enter:N if you “do - not ant:‘ the data loaded Enter nothing 1f you i.dob

Noté: . Nothing was entered

WANI"IOG!AI\GEDATA? YES-l

new tapefne
Ex e ‘_0; press CDNTmUE
At thJ.S p01nt subroutJ.ne FORMA'I‘ AND PRINT OF PRESENT CDST 18 call eds

Oommand transfers to the subroutJ.ne. Operatlon 1nstructions\f
subroutme FORMAT AND PRINT OF PRESENT COST will be found after the*'f{_

1s called. , Operatlng mstructlons for subroutme 'PLOT follow the:v;

I 'tlons for FORMA'I' AND PRINT"OF PRESM oosr’

Upon the' completJ.on of , subroutlne “PLOT command ‘again - transfers
back 't"cs wr.mm
Another Run? - Yes =3

If another run 1s des1red c,ommand is transferred back to the |
begmnmg of WLDRVl and the ent1re procedure is repeated. Othermse,
the program termmates at thJ.s pomt

Example 2 ‘press CONT'INUE
If ‘the program is termmated the d1sp1ay will -go ‘blank.'
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- PUMPFIT
‘A subroutine called
by user in Program WLDRVI

MAX WATER/FED/IRR - M. CUBED
Enter the maximum cubic meters of water needed ior one - irrigation . of:
one feddan. o

Example 425, press. CONTINUE -
MAX FED IRRG WITH 1 PUMP
_Enter the maximum number ‘'of feddans that would be irricated :with' one
pump
 Exanple 15  press CONTINUE

MAX HOURS IRRG/DAY

er the max:.mum number of hours per day “that " the " pump : would: be
"operated }j‘
Exaple 12  press CONTINUE

‘:MIN # DAYS IRKS ROI‘ATIONON

Entrar the mJ.nJ.mum number of *consecutlve"'f;idays ‘that water w1ll “be:

avallable 1n the meska (farm supply d1tch)‘

Example 6 ‘press CONTINUE
SI‘ATIC LIFT . 'METERS Enter the number of meters that the water must be
llfted measured £ rom the average water surface in the meska to the.‘

outlet : oﬁ -the fpump. ‘

Example | 0.5 ‘press CONTINUE -

HEAD I.DSSES ME‘I‘ERS

_‘Enter the number of_ ters of ‘head loss expected 'Head loss s caused

by p1pe fr:.ctlon, entranc and clogged stra ers?

Example o . press CONTINUE

PUMP SELECTION is thendlsplayed :
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The required
0 - XX XX ~discharge in cubic meters per hour .
HEAD ~ XX.XX the required head in meters

WHP - XX.XX the required water horsepower

Are printed and displayed. With this information 'the ' :user’can:‘“‘then
select a pump which best meets these criteria;_;
To continue press CONTINUE

Example Q- 88.54 ‘Head < 0.75  WHP ='0.24
'PUMP MANUFACTURER "
Enter the name of the pump manufacturers. The name must be ‘less than
15 characters long
_pmp MODEL
Enter the name or model " number of the pump

Exenple LOY LIFY/PROPELLER press CONITNUE key
IMPELLER SIZE
:Enter ‘the size of »th'e:? mpellerandthe ‘units'it is measured’in

Example 6 : INCHES ‘press CONTINUE key
EFFATDESIGNQ- 01 tol 0
Enter the pump efflclency at the normal operatmg discharge rate
Example 0.65 press CONTINUE key
PUMP RPM AT DESINQ
Enter the pump RPM at the normal operatmg dlscharge |
Example 2300 press CONI'INUE key
,?ump;msﬁr,oosr
Enter ‘the pump list cost in'L.E.
Bample 480, | ptéss CONIINUE key
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' mcludlng st1111ngv
3 mcluded in the

Example 40 /press. CONTINUE key
SELECT DRIVER
MAX BEH REQ ~ X.XX AT XXXX RPM'

The requlred 'nt“ous brakeyf*horsepower 1nputvf.to

‘the pump  is

determlned. % W:Lth,_ is determlnedw the“user._ can,

drlver or drlver and transn1ss1on oomblnatlon fo the pump,

Example =~ MAX BHP REQ - 0 37 AT 2 2300'RPM
To ‘continue press CONTINUE
DRIVER - ANIM., DIES, ELEC.?

'Enter the type of driver to be used. Don't forget to: put a ‘perlod:

iafter the driver name. The name must be ‘capltallzed. If ;the ,dr:Lver
;f1s a gas or kerosene engine type "DIES "
Exanple DIES. press CONTINUE

*Dxb YOU PUT A "." AT END? NO-1

Enter 1 1f the perlod at the. end of _the name’ was 'forgotten.'
_entered ‘the program. w111 Jtmpba and
oorrect name. Then when the program?agam asks s 1f;uthe : perlod':fa-.was
forgotten, enter 0.
Otherwise enter 0 if -perioq Wasgg;placed,=‘afterj,‘5name;

Example 0 ‘press CONTINUE
- MOTOR MANUFAcrURER | |
If a motor or englne 1s :the'"driver ' enter :'the: name’'of  the  .motor

manufacturer
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* Example /THAT - press; CONTINUE:
m i :
Enter the model type
Example o ‘GAS - press CONTINUE
‘SIZE o R

‘Er'ter the 51ze of the dnver‘;é

' press CONTINUE!

]NSI‘ALL (DS.[‘ ]NCL PONER HOOKUP
‘Enter the cost in L.E. of installing the drlver on the pump, the cost
. tof ’a pump house if needed, and in the case of an electric motor, the j
cost of hooking this motor up to the rural electrlc system.

Exarr@le 50 ~ press CONTINUE
EFFOFELECFO’IORS-O].'IU].O
Enter the eff1c1ency of the electrlc motor.

Example 0.9 ‘press’ CONTINUE
At this point PUMPFIT ends. Cammand’: transfers’ back: to ' WLDRVL: and
subroutine is called
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. OwD DATA
-A subroutine called by
Program WLDRV1

‘Bnter thé name of the Hanufacturer ‘of the pup.

Example IFRD' press CONTINUE
MOLEL
Enter. the name or model number of the pump-

Example LGV LIFT/PROPELLER press CONTINUE
SIZE | | |

Enter the 1mpeller SJ.ze and the units it is measured in

6 INHES press CONTINUE
PCWER SOURCE ANIM. DIE‘S. ELEC.
Enter the type of driver to be used ‘Don t forget to put a,perJ.od ' '3

after the er.ver name.

press. CONTINUE

Q;PRES REPLACEMENT PRICE IN Er;m

AEnter the present replacement prJ.ce of t.he wnp_duyer___and
| ;ns_t_allaugn__c_qsts mstallatlon oosts should mclude the oost of a

pump house, st111mg basins and driver and pump mountmg, 1f needed.
If the driver is an electric motor the cost of hookmg the driver up

to a rural electrical grid must also be included.



182

Example 720 press CONTINUE
ELECI‘RIC ENEK;Y R.EDUIRED, KW HR
"':}If the dr:.ver is electrJ.c enter the ~kilowatt hour ' demand, if - the
er.ver 1s not electrJ.c enter nothJ.ng
Example press’ CONTINUE.
Note- “nothing entered
DISCHARGE OF PUMP CUBIC M/HR
Enter the pump dlscharge 1n cub:.c meters ‘per hour
Example 166, press CONTINUE-
OVERALL EFFICIENCY, '.01 'm 1 o
Enter the eff101ency of pump and driver canblned
E:xample .078v press CONTINUE

EI‘GJNE EFFICIENCY 0. l ’10 1"03;

Enter the eff1c1ency of the engJ.ne
Example 012 press CONTINUE.

S‘I'ATIC HEAD, METERS

Enter the number of meters that the water must be l'fted measured from,

the average water surface 1n‘the meska to ‘the outlet of th pump :

Example -.t?fq.“;‘s‘;fg " pres: s'oom'mur-'
JDYNAMIC HEAD, METERS
‘Enter the total dynamlc head reun.red. .- 'Ihls should be the statlc head

and all pump losses and the velouty# head loss ( 1f 51gniflcant) .
Example 0975 ‘press CONTINUE
YMAXIMUM HOURS/DAY &
7Enter the maximum number of hours’ per day ‘that the punp would be
'operated.,
Example 12 _ press CONTINUE
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MINIMUM IRRIGATION INTERVAL, DAY

r the minimum number of . consecutive days: that . 'water ~will 'be
available in the meska (£arm supply ditch).

maanple 6 press commuE

;Ent:é.r the maximum ‘cubic meters of water needed for oné irrigation  of:
one feddan.
Example 425 press’ CONTINUE

At this point CLD DATA ends. Command transfers. back 'to WLDRVI and

'_subroutine GENERAL VARIABLES is called.



184

. GENERAL VARIABLES
A subroutine called by
program WLDRV1

WEAROUT LIFE IN HOURS | -
Enter the expected wearout life of the pump and driver. This‘ brogram
assumes that both the pump and engine have the same wear out life and
no salvage value.

Example 1000 press CONTINUE
EXPECTED AVERAGE REPAIR QOSTS L.E./HR
Enter the expected average repair costs over the life of the driver
and/or pump.

Example 0.065 press CONTINUE
FUEL CONSUMPTION, LITER/HR
Enter the average fuel consumption per hour.
FUEL QOST L.E./L
Enter the fuel costs in L.E. per litre if not applicable enter 0

Example 0.264 press CONTINUE
OJL QOST, L.E./100 HOURS
Enter the lubricating o0il costs in L.E. per hundred honrs of
operation. If not applicable enter 0.

Example 2.779 press CONTINUE
GREASE COST, L.E./100 HCJRS
Enter the grease costs per hundred hours of operation. If not
applicable enter 0

Example 0 press GONTINUE
ELECTRICITY COST, L.E./KW HR
Enter the electricity costs in L.E. per kilowatt hour. If not

applicable enter 0.
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ANN. ENERGY INCREASE FACTOR - O? :
Enter the average rate at which the costs of energy productsy areﬁ
expected to increase annually over the life of the pump and driver.
Note: This is not an inflation factor. DO NOT input an increase
factor which includes an inflation component. The value input here
should be the "real" increase in energy as a function of increased
demand or diminishing supplies.
Example 0 press CONTINUE
ENTER SALVAGE VALUE AT END OF LIFE L.E.
Enter the expected salvage value of the pump and driver at the t:.me A
that the first of the two fails and/or is replaced. |
Example 0 press CONTINUE
TAXES, LICENSE, FERMITS, RENT, L.E./YR
Enter the annual sum of the above,
Example 5 press CONTINUE
INTEREST RATE, PERCENT
Enter the interest rate which represents the real opportunity cost of -
money. Note, enter it as a percent.
Example 12 press CONTINUE
OPERATOR OR LABOR QOST, I.E./HR
Enter the cost of the labor if any which must attend to the water
lifting device during its normal operation.
Example 0.8 press CONTINUE
ANIMAL: ENERGY COST/HR L.E.
Enter the cost of animal energy per hour of use. If no animal energy
is used enter 0.

Example 0 press CONTINUE



186

WATER DUTY PER YEAR, CUBIC M./FEDDAN
Enter the average total amount of water applied per feddan in one
year.
Example 6800 press (QONTINUE
This is the end of the subroutine GENERAL VARIABLE. Cammand now

shifts back to WIDRV1.
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Print
A subroutine called by WLDRV1
WANT ANN. QOST PRINT OUT? NO-1
Enter 1 if annual cost printout is not wanted. Enter 0 if an annual
cost printout is wanted.
Example 0 press CQONTINUE

If a printout is not wanted control immediately returns to WLDRVL.
Otherwise the annual cost printout will then be printed. Note:
printer must be turned on and on line.

PRINT is terminated at this point and command returns to WLDRV1.

—



188

FORMAT AND PRINT OF PRESENT COST
A subroutine called by WLDRV1

WANT PRESENT QOST OUTPUT? NO-2

Enter 2 if you do not want the calculation and printout of the present
cost. Otherwise enter 0.

If 2 is entered command returns to WIDRV1 ummediately. Otherwise the

present cost table is printed and then cammand retur:s to WLDRV1.



-

Appendix B
Computer Code and Sample Qutput
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Flle" WLDRVL.:

,0!
13
21
31
43
B
6!
73
8:
9
10:
11
12:
13:
143
15;:
16:
17:
18
19:
20:
21
22;
23
24;
295
261
271
29:
29
30
31
32:
33:
34;
35:
356
37:

44,
45:
46
47
48;
49
50:
51:

92

53:
941
99

961

"2ATE§ LIFTING COST---DRIVER(1) & SUBROUTINES'
sfg 1
dim ALS501,A$07,301,TL1001,FL100]
dim CL201,DL201,B$(7,201)
dim S$[21,E$[21,Z21401,PL40),BL40])

dim C$[11,EL403,60401,H[401,10401,30401,KL40]1,L028,175
040
dep “WATEK LIFTING COST";wait 1500
ent "NEW DATA 1, OLD DATA 2",B
ent “TRACK#",M;ent “FILE #",N

if B=2;trk Mjcew;ldf N,AI#],A$,TIx],FIx]

if B=2;9to "PRINT-DRIVER"

ent "Da:a preparing date DDMMYY",A$(&6]

ent "DATA PREPARED RBY",A$(7] )

ent "CALL PUMPFIT? YES-1%,E;if Eci;chain 'P"PFIT",?J,15 .
if E=ij;gsb "PUMPFIT"

if E=1;jmp 3

chain "0DATA",75,18

gsb "OLD DATA"

chain “GVARI",75,20

gsb "GENERAL VARIAELES"

"PRINT -DRIVER":
—————————————————————————— ———————
chain "WPRINT",7T,25

gsb “PRINT™

if L=1;jmp 3

chain 'HEADER",?S,ZB

gsb "HEADER™"

chain “INCALC",75,30

chain "PRSCST",98, 31

gsb "INITIATE ANNUAL COST cCALC.*
if L=1;jmp 3

chain "WTAIL",75,34

gsb "TAIL"

ent "DATA CORRECT? y yes, n no",E$
if Eg<="y";ent "MAKE COPY? YES- 1“,T,if Tw1;gto "PRINT-DRIVER™

if E$="y*;if E=1;ent "WANT DATA LOADED ON TAPE? NO-n*“,E$

if E$="9";if E=1;trk Mjrew;rcf N,AI%]),AS,TI*]),F[#)

if Es="y";if H=1;dsp "DATA LOADED TRACK-",M," FILE-",N;wait 3000
ent "UANT 70 CHANGE DATA? YES-1",G

if G=1;dsp "GTO0 LIVE KEYEOARD TO, CHANGE DATA";wait 3000

if G=1;dsp "PRESS CONT. KEY ONCE DATA CHANGE“;uazt 2000;stp

if G=1;ent "WANT NEW PRINTOUT? YES-2",G

i{ 5=2;9to "PRINT-DRIVER"

if G=1;ent "NEW DATA LOADED ON TAPE? YES-3",G

if G=3;ent "TRACK #?",M,"FILE 2?",N

if G=3;trk H;rew;rcf N,AI®),A$,T(»],Fix]

1€ G=3;dsp “DATA LOADED TRK-",H " FILE-“ ,Njwait 2000

chain “"F+PCST",75,54

gsb "FORMAT AND PRINT OF PRESENT COST"

chain "USPLOT",7%5,56

gsb "USE PLOT"
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‘File - WIDRVL (continued)

57: ent "ANOTHER RUN?-YES=3" ,B;if B=3;gto 6

59: end

593 XXX XXXXXXXKXXXXXX XXX XXX XAKXRXXX XXX XXKXXKXX "
601 PXXXXXXXXXXXXXXXXXXXKXXXXKXXXXXAXXXRXKXLXXXXXK " ¢
611 "XXXXXAXXXXXXXXXXX XX XX XXX XXRXXX XXX XXX XXX XXXKXX "
628 X XXXX KX XA XXX XXKXXXXKX XK XK AKX XXX XXX XXX 3
631 "XXXXXXXXXXXXXXXXXAXXAXXXXKXXKXXXEXXXXXXRXXXXXKXXX " 3
64 "XXXXXXXXXXXXXXXXNXXXXXKXX XX XXXK XXX XXX XXKXKXRXX " ¢
651 MUXXXXXXXXXXXXXEXXXHAXXKXRXXXH XXX XXX XXRXXXXKX " 3
661 "XXXXXXXXXXXX XXX XXAXXK XXX XX KXXRXXXX XK XAXXAXXKAX " ¢
671 MXXXXXXEXEXXAXAXXXXXAKX XXX KX XXX XX XXRXKXRXKXKXXKX ™ ¢
68: PR AXXX XXX XEXXXKLRKAAR XKL XXX XXRXXX XXX XXX XAXXXK ™ 3
6P 1 XXXRXXXXXXAXXXXAXXXXXXKXKX XXX XXXX XXX XXXXXKXKX ™ ¢
703 UXXXXXXXXKAXXAXXAXXKXKRXE XXX KX XX XXX XXKL XXX 3
VARTED $00 400000000000 009 398389989999 9.9 998999999 0N
725 XXX RXXXX KKK XXX X KRR XR XK XKEXRXKAXX KX XXX XXX
VETEED 0200000 000000900009809 89900998099 999.99 999990
P41 OXXXXXXEXXXXKXXXXXK XXX KX XXKXXXX XXX XXX X XXX 3
VATTEED $900 000000003005 0080 8000000 09999.9.89.999.949 99 ¢
x722

Flle - WI‘AIL

' 0 ' W st e e o0 e e i ot o v Bt o 8 o e Ot e o ",y
1y "TAIL": .
2‘ e e o e e et s i o e e R 0 i s
31 fMt "MAX. SYSTEM CAPACITY =",¢£10,3," FED./YEAR" jwrt 701, F(100]
4: fmt "REQUIRED POWER INPUT TO PUNP AT HAX DISCHARGE = *,z

S1 wrt 701

63 fmt £10.3," BRAKE HORSPOWER*®

71 AL141AT191/273.4A01614A040);wrt 701 ,A0 40!

8: fmt "HOURS PUMPING PER FEDDAN = ",f10.3,:

?: wrt 7201,A0231/A014]

10: fmt " MAX HOURS PER [RRIG, 4999+ ",z

11 wrt 701

12: fmt £10.3," Hrs/YEAR";wrt 701,AL241

131 fmt "ENERGY IMPUT TO DRIVER AT MAX DISCHARGE",z

14 wrt 701 B

151 fmt % = ", £10,3," HP Hrs/YEAR 949 ", £10.3," KW Hrs/YEAR"

16: wrt 701,A0401/A0171, .746A1401/A117] O

17: ret

18: end

19' Y s o oot oo e ot o s e e P e e e B D B G S i e e D v s i W 4 B S o g U n .

20 "XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX"

%8819
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ent "MAX WATER/FED/IRR-M.CUBED",AL23])
ent "MAX FED IRRG WITH 1 PUMP",Cl1])
ent "MAX HOURS IRRG/DAY",AL21]
ent "MIN # DAYS IRRG ROTATION ON?",AL22)
ent "STATIC LIFT - METERS",Al18]

ent "HEAD LOSSES ~ METERS",CI2]

if AL181=0;1A010]

if CL21=0;.83+CI2}

AL181+CL214A119]
AL231xCL11/¢AL211xA1221)2A11412DI1)
AL191%(DI11/60)/4,560834DL21]

dsp “PUMP SELECTION"j;wait 2000

prt "Q-",D[11, "HEAD-",Al191, "WHP--",D[2]
dsp "Q-",D{11,"HEAD-",Al19],"WHP~",DL2);stp
ent "PUMP MANUFACTURER"™,Asl2]

ent "ACTUAL PUMP Q-M.cub./HR",Al14]

ent "PUMP MODEL",A$[3]

ent "IMPELLER SIZE",A%$14])

ent "EFF AT DESIGN Q- .01 TO 1.0",Al16)
ent "RPM AT DESIGN Q",EH$([11]

ent "PUMP LIST C€COST",C(3]

ent "INSTALLATION COSTS ",CL4]
DI21/7A01614C[5]

dsp "SELECT DRIVER*";.sait 2000

prt "MAX BHP REQ-",C[53,"AT ",E$[1],“RPM"
dsp "MAX BHP REQ-",CL[51," AT ",B$[11,"RPM";stp
ent "DRIVER - ANIM, ,DIES, ,ELEC.?",A$(S9]
ent "DID YOU PUT A "".""™ AT END? NO-1",pr1
if ri=1;jmp -2
len(A$I21)4r2;"/"9A%12,r2+1)

ent "MOTOR MANUFACTURER",A$[2,r2+21
len(AS[31)3r3; "/"9A%L3,r3+1]

ent "MODEL",A$[3,r3+2]
len(AS[41)3r4;"/"+A804,r4+11

ent "SIZE",A%[4,r4+2]

ent "LIST COST",CL&]

ent "INSTALL COST INCL POWER HOOKUP",C(7)
ent "EFF OF ELEC MOTOR- .01 TO 1.0",AL17)
Ci{S1x.746/A01714181

9999%?+r20

CIL31+C{41+4CIl61+C[719AI1]

ret

end e R o
"XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX"y

#29602 -
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CONT DW=,
. .
3
-

ent
10: ent
11: ent
12: ent
13: ent
14; ent
13: ent
16: ent
17: ret
18: end

®209

OLD DATA":

i - o S Som v P o P e A St Gy R U D S R S008 P 39 e e A Wt e

"make" ,A$12)
"model" ,A$(31}
"gize" ,A$[4]
"POWER SOURCE ANIM. DIES. ELEC.",A8(S]
“prsnt replacement price in EGYPT",Al1]
"electric energy required, Kw Hr",AalB8]
“Discharge of pump, cubic m./hr",Al14]
"PUMP EFFICIENCY:.01 to 1,0",Al161
"Engine efficiency .01 to 1.,0",A[17]
"Static head, meters",Al18]
"Dynamic head, meters"*,Al19]
“Maximum hours/day"”,Al21]
"Min, irrigation interval, days",Al22]
"Max. Water Req./irriqg. cub.,m/fed",Al23]

195 "XXXXKKXXXXXKXXXXKXXXXAXXXXXXXXXXXKKXXXXXXXXKXXXXX " 3
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File - WPRINT

- —— a0 o i iap e Sone T =t oot o o S O e ot - o - - —
N PR

0+110
NI[201/A01419A1241;C9R
AL121¢Al11+A1101)/200R
R+AL111+AL30]
Al41ALS]1AL27] -
if A$IS1="ELEC,";Al71ALB]12A1l27]
if A$IS5)I="ANINM,";A[1519A[R7]

AL271AL2414A1501

AL241¢A[11-AT101)/AL214A48]

LO1AL241CAL61+AL71)4AL49]

Al131A024]12A126]

AL31AL241A128) ‘

ent "WANT ANN, COST PRINTOUT?: NO-1",L;if L=ijret

wth 701,27,110 S e -

fmt 3,/,7;urt 701.3

fmt 3,/7,7;urt 701.3

conv 124,202

wrt 701,"Inlak1S" '

fnt 2, 10x,"TABLE( ) WATER LIFTING COST"'wrt 701.2

wrt 701,"Inl&k08"

if AL131=0;fmt 5,20x,"not including cost of machine operator"jwrt 701.5
fmt 7,5x, "DATA PREPAKRED BY",c20;wrt 701.,7,A$(7]

fmt 7,5x,"Tape 3 ; Track",f2.0," i F119",f3 Ojwrt 701,7,M,N

fmt 3,/3urt 701.3

fmt 7,"NAME OF MACHINE:",2x,c20;wrt 701.7,A*[1]
28; tnt 3,/3wrt 701
29: fmt 7,"MAKE: ",c20,2x,"MODEL: “,c20,2x,"SIZE: ",c20
wirt 701,7,A3021,A%13),A%[4]
31: fmt 7,"POWER SOURGE",Sx,c10jwrt 701.7,A8(5]

32: fmt 3,/;wrt 701
33: fmt 4,"DATE ", 15x,céd
34: wrt 701.4,A%106)
351 fnt 7 “PRESENT REPILACEMENT COST IN EGYPT, LE",8x,f10.3;wrt 701.7, A[1]
36: fmt 7,"WEAR OUT LIFE IN HOURS",23x,f10.3;wrt 701 7,AL2)
37: Fmt "EXPECTED AVERAGE REPAIR COST LE /HDUR ",5x,f10 3Jjwrt 701 7 A[3J
38: if ﬁ[4]=0;jnp 3 .
391 Pmt 7,"FUEL CONSUMPTION LITERS PER HOUR®,13x,f10.3;wrt 701.7,A04]
40: fmt 7,"FUCL COST LL/LITER ", 23x,f10-3;wrt 701.7,A05]
41; fnmt 7,“OLL COST LE/ 100 HOURS " 0x,+10 Jiwrt 701 7,AL61
42: fmt 7,"GREASE COST LE /109 HOURS ‘,17x,Fln.3;wrt 701.7,A[7]-
A3 if A[Bl—O;jnp 3
441 fmt 7,"ELECTRIC POWER REQUIRED ,Kw hour ",10x,f10.3;wrt 701.7,A181
45: fmt 7,"ELECTRICITY COST LE /Kuw, houvr" ,17x,f10.3;wrt 701 7,191
461 fmt 7,"SALVAGE VALLUE AT END OF WEAR OUT LIFE:LE",Sx,F10.3;wrt 701,7,A010]
47: fnmt 7,"ANNUAL TAXES,LICENSE,PERHIT,RENT,etc.:LE",Sx,f10.3;er ,01.;,A[1 1
481 fmt 7,"INTEREST RATE,PERCENT “,20x,f10.3,2x,"4"wrt 701.,7,A012]

49;: if AL131#0;fmt 7,"OPERATOR COST LE/br ",21x,f10.3;wrt 701,7,A0131
S0: fmt 7,"Hrs PER FEDDAN PER YEAR",22x,f10.3; urt 701 7, A[°4]
51: +mt 7,"DISCHARGE OF PUMP,cubic mt. /hr",qu £10.3; wrt 701.7,A0141
52 if A%[SJ#"ANlN.“;an 2
53: Fmt 7,"ANIMAL POWER COST LE/hr",22x,f10.3;wrt 701.7, Al15]
S54: if AU161)0;Ffmt ,"EFFICIENCY OF PUMP",E/x r10 Jiwrt 701 AL161]
55: fmt “EFFICIENGCY OF DRIVER",25x,f10.3;wrt 701,A017]
S56: fmt ,"STATIC HEAD (METERS)*,25x,f10.3;wrt 701,A0181

- OO LT D P edt O ac o ae ve ar 2c ao ec oo oo

ORI POTI LI PO [0 = ss = ot ot b s =t o s jsa] oAb -
RN A 0 ~ (&3] (AR Ed

M ro
N o~

2

(2]
o



: _‘FJ.le WPRINT_ (continued)
57x fnc “DYNAHIC HEAD (METERS)",24x,f10.33wrt 701, A[19]
- 581 .fmt 7,"WATER DUTY PER YEAR,cubic rt/fd", 14x,f10 3wrt 701.7,A0201) v
52t fmut 7,"MAX. TIME SYSTEM WILL RUN PER DAY yhours®,6x,f10, 3,urt 701,7, AL211]
8601 fmt 7,"HIN TIME BETWEEN IRRIGATION days“,le,flO 3juwrt 701,7, Atzzl
61: fmt ,"MAX. WATER REQUIRED PER IRRIG.,cubic mt/fd",3x,f10. 3;urt 701 A[23],
b2t wrt 701 3 v
63: ret

64: end
651 "XEXKAXXXRXAXXXKXXXXXXXXEXEXXXXXXXXXKXXXXAXXKXXXXXXX Y

#20096

"Wearout life, hours",AL[2}

ent "Expected av. repair costs,LE/hr",Al3]
ent "Fuel consumption, liter/hr",Al4]

ent "Fuel cost LE/Liter”,AlS)

UL = e
o
3
-5

! ent "oil cost, LE/100 hours",Al6]
8: ent "grease cost, LE/100 hours”,AL7])
?: ent "electricity ccst, LE/Kw Hr",AL9]

10: ent "ANN, LENERGY INCREASE FACTOR-0.7?7",A[31)
11: ent "salvage value at end of life:LE",A[101
12: ent "Taxes,lLicense,permits,rent,LE/yr",Al11]
13: ent "interest rate, percent",Al12]

14 ent "Operator or Labor cost, LE/hour",Al13]
15: ent "Animal energy cost/hr. L.E.",Al15]

16: ent "Water duty/year, Cubic m./feddan”,Al20]
17: 091

18: I+141

19: if B=1;if I=1;14F[11;jmp -1

203 if B=1;if FILI-1){10;FII-1)+14FL1]; jap -2

21 if B=1;FLI-11+5+FLI1;if FLIIC100;jmp -3

22: if B=1;-124F[I+11]

23: ret

24: end

251 "XXXXAAXRXXXXXXXXXXXXXXXKXXXXXKEXX XKL XXX X XXX KX XXKX " ¢
#9077
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CONC UL WR=O

File - PRSCST
{ "PRSCST":
. 1 o e ot o s et it it e A0 e it i o St S
i "NET PRESENT VALUE'
. [ L
: “INITALIZE VARIABLES"'
t 0+140
: 0+C+F+K R .
| Veme e o ——e—— = o -int
: "YEARS OF LIFE": '
10 "mmmm—mcm e~ - —-.-‘!‘ ¥
11: AL21/AL241/FL114C :
12 Voo — "y
13: "CALCULATE ANNUAL DISCOUNTED COSTS": .
18] Mo "
15: F+19F wl

161 if F>170;14A;gto0 "SET POINTER"
17: if F)C)q!o "SET POINTER"

181 (A[47]+R[44lPA[43]+A[11]+(1+F!A[31])*A[42])/(1+A[1°]/100)fF+L[0 FT}
19: if F=1;LI0,F1+Al11]2L(0,F}

20: jmp -5 , "
21: B e e i o e ettt e e o e W
22: "SET POINTER": L
22' 11 e s e s e o o s o o s - - "y

24; ~-,9874654-4L10,F1

25: F-14F ; S
Bb) "emmmcec e m e —————— it e e eenen W
271 “SUMMATION": B S

PP e ——————— ——— . ___' — o "y
27 if F=0;9t0 "ENTER NPV INTO ARRAY”'

30: K+LIO,F1-K g

31: F-1+F
32¢ jmp -3
33 Ve

34: "ENTER NPU INTO ARRAY"'
39 Y- .
36: if A=1,K+L[D,172],jnp y\'” !
37: KLIO,int(C+2)]) !
38: ret
39; I s o e oo e et o 0 Gt i e W
40: eand
#3013%5




; ‘,_i“’get "F+PCST"
11 *FORMAT AND PRINT OF PRESENT COST"j

22 " - n‘
- 31 ent "WANT PRESENT COST OUTPUT? NO- 2“,L;i€ L ;ret
. 4! W e e e e -

S5t "PRESENT COST FORMAT": o

63 1 s e s s e e B s s e 0 e o . . "y

.71 Wty 701,27,130

8: wtb 701,27,51

?: fnt 1,60x,z3wrt 701,1
10: wtb 701 27,49

11: wtb 701,27,38,108,5%4,118,54, 68
12: wtb 701,27 36,107,49,83 i :
13: wtb 701,27,38,100,48

14 fm1 h,17x,“NET PREaENT VALUE CU
15: fmt 3,/,/,/3wrt 701.3 #
161 fmt ?,c

17¢ wrt 701.9,9‘(1]

18: wtb 701,27,38,100,45

19: wtb 701,&7 38, 107 48,83 -
20: fmt 4,/ /,"DATA PRhPARED BY:",Sx,c,z;u"
21: wtb ?01 9
22 fmt “DATE: v,cyurt 701.1,&’[6]
23: fmt 3,“TRACK » ",f1, o;z)ur17701 3, M
24: wtb 701,9
25: fmt 4,"FILE #: ",f1, O;HPT 701 4 N.,&
26: fmt 2,"MAKE: “,c,z;urt 70‘”°
27: wtb 701,%

70154,A8071

28: fmt 3,"MODEL: ",c wrt 701 3 ASL3]
29: fmt 4,"SIZE: ",e,z3urt 701 4;A814)
30: wtb 701,9

31: fnt 5,"POWER SOURCE: ,c;urt 701‘

32: fmt 6,"!**!DISCOUNT RATE %¢ v“
33: wth 701,9 :
34;: fmt 7, "*&xxANNUAL ENERGY COST INCREASE FACTOR

»£5,

1F8.65wrt 701.7,AL311

351 fmt 1,/;urt 701.1 i
36: wtb 701,;7 368,100,468

37: fmr 1,130x;wr1 701.1

38: wtb 701,27,51

39: wtb 701,27,38,100,6%5

40: fmt 1,35x,z;wrt 701.,1

413 wtb 701,27,49

423 fmt 2,40x,z3urt 701.2

43: wtb 701,27,49

44; fmt 3,35x,zjurt 701.3

45%: wtb 701,27,49

46 wtb 701,13,19 : -

471 wtb 701," FEDDANS",?,"NET PRESENT",9,"NET PRESENT",?,"OPERATING"
481 wtb 701,13,10,"IRRIGATED",?," COST OF",?," COST QF",9," LIFE"
49: wtb 701,10,13,9, “IRRIGATION" 2" IRR /FED *,9," —YEAR"-“ 13,10
50: wtb 701 27,38, 100 68

911 fmt 1 130x;urt 701 1

521 wtb 701,27,38,100,65

53: wtb 701,10,10,13 o

§4) Yemmemmem e e m - ————————————. My

SS: "PRINT PRESENT COST": DT

563 fommmmeme- ey



http:701.5,A.51
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File - F+PCST

97: 121

%8: “"LOOP":
S9: 04F

60: F+l1oF

61: if LII,F1=~,987454;gt0 "TTL COST VALUE"
62: jmp -2

63 "TTL COST VALUE":

64: fnt 1,f3.0,z;wrt 701.1,FLI]

65: wtb 701,92

66: fmt 2,78.2,z;wrt 701,2,LLI,F+1]

67: wtb 701,9

68: fmt 3,f7.2,z;wrt 701.3,LII,F+11/FLI1]
6%: wtbh 701,9

70: fmt 4,f46.2;urt 701.,4,41021/A0241/FL1]
71: if FLII>FL1001;gto “MAX FED STATM"
72; I+121

73: if FILI1<(0; ret

74: gto “"LOOP"

75: end )
76: | R ORy Sy Sy e T - _'~‘= .
77: "MAX FED STATH":

70: 1D s e e e ot Pt 2 ot ke oot et R G et S S Bt 0 S e D P o 0 O it "x

79: wtb 701,10,10,13,7,"MAX, POSSIELE FED. IRRIG., WITH THIS PUMP = "
80: fmt 1,f6,2;wrt 701,1,FL100]

81: ret

82: end

X11994

File HEADER

0 i | L PO, - - - o - gy 1} i

1: "HEADER":

2: | L P _Il:

31 fmt ,z,1x3urt 701

4; wtb 701,"FEDD, ANNUAL DEPRECIA, REPAIRS ENERGY
S1 wtb 701," GREASE OPERATOR TOTAL ANNUAL ANNUAL "
6: wtb 701," ouTPT cosT " .

7: wtb 701,13,10 .

8: wth 701, FIXED COST

91 wtb 701, "COST A0IL cosT cosT®

10: wtb 701," COST/fd HP Hrs, HP HOUR"

11; wth 771,13,1N

12: ret

13: end

141 "XXXXXXXKXAAXKXXXK KRR XXKXXXKXKXXXX XXX KXKXAXXRNKXXXXK ¢
%3447
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File - USPLOT

0
1:
23
3
4
91

b

oo
[ =

P smt 0=t ok 0= g ek g b i e
COTNCADY

s db
(=¥ Bs RN |

At
[ R L S-S SN

1 e e o e s o e s s e et s o i e it S e Bt e o e e e ot o et wte gme I [}

ent "USE PLOT. yes y, no n",S%

if Se%#"y";ret »

if J=5;g9to "PLOT"

ent "X AXIS FROM",rt,"TO",r2,"TIC",r3,"STEP",r4,"Yintercept",rS
ent "Y AXIS FROM*,ré,"T0",r7,"TIC",r8,"STEP",r?,"Xintercept”,r0

pen#$ 4

scl rl1,r2,ré6,r7

line

fxd O0;xax r5,r3,r1,r2,r4

cplt ~(r1+r2)/1,35,-2.5;1bl "FEDDANS"
fxd 2;yax r0,r8,r6,r7,r?

csiz 1.465,2,1,0

plt .S(r24+r1)-3,r7-(ré&+r7)/2/10,0

1bl "FIGURE ¢ "

cplt ~-16,-1.3

lbl "WATER LIFTING COSTS"

ent “WANT MODEL LABEL? YES-1",r23;if r25#%1;jmp 4
1bl A%(2] o ’
cplt -12,-1

1bl As${3]

csiz 1.69,2,1,70

prt "SELECT Y AXIS VARIAELE"

prt "ANN COST/FED-1","COST/HP HOUR-2","TL ANN COST-3"
prt "ENERGY COST-4","OPERATOR COST-5","REPAIR COST-6"
enp "DEPREC - 7",A

Blt =(r1+r2)/2/6,rb+(r7-r63/3,0;dsp :LABEL PLOT”{ptyp
"PLOT*®:

B s o e e s s o o S e e et S it o D 4004 AU D SonE o D ot S0 e St Pt (et SO T I S e oo " :

0-+1

1+I21;if I)36;jmp 9

if A=1;ZII13KII]

if A=2;BLI14KI1]

if A=35ELTII19KIIL]

if A=4;10114KI[I]

i{ A=5;JLTI14KII]

if A=&3HILIIAKII)

if A=7;GILI14KI1]

jmp -8

ent "SELECT LINMNE TYPE 046",rt11 .
ent "SELECT DATA POINT TYPE~1 CHARAC,",C$
line rii

pen

scl r1,r2,rb,r?7

pen% J;csiz 1,65,2,1,0

rlt FO1),K{1]

0-1

csiz 1,65,2,1,0
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File - USPIOT (continued)

"INCALC":

"CALC.™:

1+I41;if FLI1<0;ret
ALJ0I+FLII(ALABI+AL28]1+AlS0I+ALAP1+ALIR61)A1A4A5]ELL]
ALAS1/FLINAZII);AL4A8BIFLII+AL41]12GIT]

AL2RBIFLI1ALA47]13HII] }ALS0IFLII»AL4R2]4I(]]
ALARIFLIIAALA43);AL26IFITI1+A144]1+T11)

AL221AL211A0141/AL2314F1100]
AT141AL18IAIR0IFLI1/273.4A11414PITI);ATAS]/PLI]IAKIT]

16: gsb "NET PRESENT VALUE"

17: if L=1;jmp 3

18: fmt 1,f0.2,f13.3,f14.3,f14.3,f12.3,f10.3,f10.3,f16.3,¢12,3,f12.3,f11.4
19: wrt 701.1,FLI1,A0301,A0411,A0471,A1421,A0437,A0441,A045),20(11,PLT1,BLY]
20; gto "CALC."

et et = DI UL N~ C

Q1D GITY s O on oson o oo e on e e

21: end

T2 "UXXXRAXKXXAXKXR XXX XXX XXXKXXEXXXXRX X XXX KX XXXXXXAXKXXX "
%3306

File - INCAIC

57: 1+I41;if FILI1)FI1001;penjgto "GRAPH SUPERPOSITION"
%8: plt FILI],K[11,23pen ,

59: e¢plt -,33,-.25;1b1 Cs$;cplt ~,67,.25

60: jmp -3

61 s B e e e e oo e oy e (e i o et T e S e G103 Y e R ot S S P i o ey e Gt St Rt ",

62: "GRAPH SUPERPOSITION":

63 H U e o e ey ot o B s e =8 e et e 8 e ekt e e e e S Saru St O o G T o e " !

64: ent "ANOTHER GRAPH SUPERIMPOSED S YES",J

651 if J=5;ent "USE SAME DATA/ YES-1",H

66: if H=1;gto "DATA CHECK"

67: if JI=5;ent “"NEW DATA ON TAPE? NO-2",H

68; if H=2;1+K;gto "OLD DATA"

691 if J=5;ent "TRACK #",M;ent "FILE #",N;2+B;gtoc "OLD DATA"
70: if J#5;end

710 EXXXXXXXXXNKXXXXAKXEXXLXX XL KXX KKK LXK KAXXXRXRXKAX " ¢
#1966



Table B.l. . Sample Output

DATA PREPARED BY :

not_inclﬁ@}@q'é& §‘;: §g§h§ﬁcinﬁcratpb

Tape 3 ; Track 0 ; F;lc S

NAME OF MACHINE:

HAKE 1 IRRI AXIAL FLOW. MODEL: . . S WP PETTER DS. 'SIZE: -

POWER SOURCE DIES. .
DATE 263383
PRESENY REPLACTHENT COST IN EGYPT, LE - 759.000
MEAR JUT LIFE IN HOURS 7500.000
EXPLTTED AVERAGE REPAIR COST LE /HOUR 0.167
FUEL CONSUNPTION LITERS PER HOUR 1.250
FUEL COST LE/LITER 4.239
OIL COSY LE/ 100 HOURS 2.100
GREASE COST LE /100 HOURS 1.000
SALVAGE VALUE AT END OF WEAR OUT LIFE:LE 0.000
ANNUAL TAXES,LICENSE,PERHIT,RENT,etc.:LE $.000
INIEREST RATE ,PERCENY 13.000 X
Hrs PER FEDDAN PER YEAR 37.363
DISCHARGE OF PURMP,cubic mt./hr 182.000
EFFICIENCY OF PUMP 8.400
EFFICIENCY OF DRIVER 0.1230
STATIC HEAD (METERS) 8-750
DYNAMIC HEAD (METERS) 0.750
WATER DUTY PER YEAR,cubic atv/fd 6800.900
HAX, TIME SYSTEM WILL RUN PER DAY,hours 12.000
HIN., TIME BETWEEN IRRIGATION,days 6.000
HAX. WATER REQUIRED PER IRRIG.,cubic mt/fd 425.000
FEDD. ANNUAL DEPRECIA. REPAIRS ENERGY
FIXED COST CoST
1.05 54.335 3.781 6.240 11.162
2.00 54.335 7.562 12.479 22.324
3.00 54,335 11.343 18.719 33.486
4,00 54.335 15.124 24.950 44,648
S5.00 54.335 10.905 31.198 55.810
&.00 54.335 22.4687 37.437 66.%73
7.00 54.33% 26,468 43.677 78.135
0.00 54,335 30.249 49.916 89.297
?.00 54.335 34.030 86.156 100,459
10.00 54.33% 37.911 62.396 111.621
15.00 94.337 56.716 ?3.593 167.431
20.090 54.33% 75.622 124,794 223.242
2a3.00 54,335 ?4.527 155.989 27%.052
348.00 54.335 113.433 187.187 334.6863
35.00 54.335 132.338 218,385 390.673
40.00 54.335 151.244 249.582 446,484
45.00 54.335 170.149 280,780 $02.2%4
S0.00 54.335 189.055 311.978 $58.104
55.00 54,335 207.960 343.176 613.915
60.00 54.335 226.866 374.374 669 .725
65.00 54.335 245,771 A405.571 725.536
7e.00 54.335 264.677 436.749 781.346
75.00 54.335 203.582 467 .967 837.1%7
80.00 54.335 302.488 499,165 B892.967
85.00 54.335 321.393 530.363 948.777
20.00 S54.335 340.299 561,56y 1004.588
95.00 54,335 359.204 S92.758 1060.398
100.00 54.335 378.110 623.956 1116.209
HAX. SYSTEH CAPACITY = 30,833 FED./YEAR

REQUIRED PQWER INPUT TO PUMP AT MAX DISCHARGE =

HOURS PUMPING PER FEDDAN = 2.33% nAX HOURS PER IRRIC.
ENERGY INPUT TQ DRIVER AT MAX DISCHARGE = 10.401 HP Hrs/YEAR 44+

GREASE
A0IL
1.158
2.318
3.475
4.633
5.791
5.949
8.108
9.266
10.424
11.582
17.374
23.165
28.956
34.747
40.538
46.330
52.121
57.912
63.703
67.4%5
T.286
81.077
86.868
92.659
98.451
104,242
110.033
115.824

& INCH

OPERATOR TOTAL ANNUAL
casrt CosT

0.000
06.000
0.000
0.000
0.000
8.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.900
0.000
0.000
0.000
0.000
9.000
0.000
0.000
0.000
0.ro0
0.000
0.000
0.000

1.248 PRAKE HORSPOWER

RATEL] 37.363 Hrs/YEAR

76.676
99.017
121.358
143,699
166.040
188.381
210.722
233.063
255.404
277.745
389 .450
501.155
612.860
724.565
836.270
947.975
1059.680
1171.3P4
1283.089
1374.794
1506.49%
1618.204
1729.909
1941.614
1953.319
2065.024
2176.7239
2268.434

7.7359 KW Hre/YEAR

ANNUAL
COST/fu
76.676
49.508
40.453
35.925
33.208
31.397
30.103
29.133
268.378
27.774
35.963
25.058
24.514
24.152
23.893
23.699
23.548
23.428

a3.32%9

23.247
23.177
23.117
23.065
23.020
22.%80
22.945
22.913
22.0984

ouTPT
HP Hrs.
18.654
37.308
55.962
74.616
93.270
111.924
130.578
149.232
167.886
186.540
279.610
373.080
466.3%0
559.620
6L,2.890
746.15%
839.429
932.699
1025.96%9
1119.239
1212.509
1305.779
1399.049
1492.319
1585.589
1678.859
772.129

1865.399

The Cost of Pumping with a Diesel Driven IRRT Pump

cosTt
HP HOUR
4.1104
2.6540
2.1686
1.9258
t.7802
1.6831
1.6138
1.5618
1.5213
1.488%9
1.3918
1.3433
1.3142
1.2947
1.2809
1.2705
1.2624
1.2559
1.2506
1.2462
1.2425
1.3393
1.2365
1.2341
1.2319
1.2300
1.2283
1.2268

T0z



Table B.2. Sample Output -

DATA PREPARED BY HRH.
Tape 3 ; Track 1 ; File 2 S
NAME OF MACHINE: -
HMAKE: SAKIA NMODEL: SI1ZE:
POWER SOURCE ANIN.
DATE 130383
PRESENT REPLACEMENT COST IN EGYPT, LE 550.000
WEAR OUT LIFE IN HOURS 15000.000
EXPECTED AVERAGE REPAIR COST LE /HDUR 80.010
OIL COST LE/ 100 HOURS 8.000
GREASE COST LE /100 HOURS 0.250
SALVAGE VALUE AT END OF WEAR OUT LIFE:LE 0.000
ANNUAL TAXES,LICENSE,PERMIT,RENT,wtc.:LE 5.000
INTEREST RATE ,PERCENT 13.000 X
OPERATOR COST LE‘hr 0.050
Hrs PER FEDDAN PER YEAR 62.963
DISCHARGE OF PUMP,cabic at./hr 108.000
ANIMAL POWER COST LE/hr 0.208
EFFICIENCY OF PUNMP 3.450
EFFICIENCY OF DRIVER 1.00¢0
STATIC HEAD (METERS) 0.750
DYNAMIC HEAD (METERS) 0.859
WATER DUTY PER YEAR,cubic mnt/fd 6806.000
MAX. TIME SYSTEM WILL RUN PER DAY ,hours 12,000
MIN. TIME BETWEEN IRRIGATION,days 6.900
MAX. WATER REQUIRED PER IRRIG.,cubic mt/fd 425.000
FEDD. ANNUAL DEPRECIA, REPAIRS ENERGY
FIXED COST CosT
1.00 40,7358 2.309 0.630 13.096
2.00 40,750 4.617 1.259 26.193
3.00 40.750 6.926 1.889 39.289
4.00 40.750 9.235 2.519 52.385
5.00 40.750 11.543 3.148 65.4B1
&.00 40.750 13.832 3.778 78.578
7.00 40.750 16.160° 4.407 = 91.674
8.00 40.730 10.469 S5.037 104.770
9.00 40.750 20.778 S5.667 117.867
10.00 40.750 23.086 6.296 130.9563
15.00 40.7%0 34.5630 9.444 196.444
20.00 40.75¢0 46.173 12.393 261.926
23.00 40.750 357.716 15.741 327 .407
3e.3%4 40.750 69.259 18.889 392.869
35.08 48.750 8e.802 22.037 458.370
40.00 40.759 92.348 2%.105 523.852
45,00 40.730 103.889 28.333 589.233
S0.00 40.750 115.432 31.481 654.815
55.00 40.750 126.975 34.5630 720.296
60.00 40.750 138.519 37.778 7685.778
65.00 40.750 150.062 40.926 BS51.259
70.00 40.750 161.605 44,074 916.741
75.00 40,7350 173.148 47.22 982,222
90.00 40.750 184.691 S0.370 1047.704
B5.00 40.750 196.235 53.519 1113.185%
Qp.00 40.750 207.778 36.667 1178. 667
?3.00 40.750 219.321 59.013 1244.149
100.20 40.750 230.864 62.963 1307.630

HAX. SYSTEM CAPACITY

REQUIRED POWER INPUT TO PUMP AT MAX DISCHARGE =
HOURS PUMPING PER FEDDAN =
ENERGY IKPUT TO DRIVER AT MAX DISCHARGE =

= 18.296 FED./YEAR

GREASE
&0IL
0.157
0.313
0.472
0.630
0.7e7
0.944
1.102
1.259
1.417
1.574
2.361
3.148
3.735
4.722
5.509
6.2956
7.083
7.870
8.657
9.444
10.231
11.019
11.806
12.593
13.380
14.167
14.954
15.741

EEEET)

CPERATOR
cosT
3.148
6.296
9.444
12,593
15.741
18.989
22.037
25.18%
28.333
31.481
47.222
62.963
78.704
94.444
110,185
125,926
141,667
57.407
173.148
188.889
204.630
220.370
236.111
251.852
267.%93
283.333
299.074
314.815

0.746 PRAKE HORSPOWER
3.935 MAX HOURS PER IRRIG.
0.745 HP Hrs/YEAR -++4

2.963 Hrs/YEAR

The Cust of Pumping with a Sakia

TOTAL ANNUAL

€osT
60.090
79.430
98.770
118.110
137.451
156.791
176.131
195.471
214.0811
234,151
3308.852
427.352
524,253
620.954
717.654
814,335
911.056
10087.758
1104.257
1201.157
1297.838
1394.55
1491,259
1587.960
1684.660
1781.361
1878.062
1974.762

0.537 KN Hrs/YEAR

ANNUAL
COST/fa
60.090
39.715
2.923
29.%2
27.4%0
26.132
25.162
24,434
23.868
23.415
22.057
21.378
20.970
20.698
20.504
20.359
20.246
a20.135
20.081
20.019
19.967
19.922
19.883
19.849
17.820
19.793
19.769
19.748

OQUTPT
HP Hrs,
169.654
37.308
55.962
74.6156
93.270
111.924
130.578
149.232
167.886
106.540
279.810
373.880
466.350
559.820
652.890
746.159
B839.429
932.699
1025.969
1119.239
1212.509
1303.779
1399.049
1492.319
1585.589
1678.859
1772.129
1865.399

COST
HP HOUR
3. 2213
2.1299
1.7650
1.5829
1.4737
1.4009
1.3489
1.3098
1.2793
1.2552
1.1824
1.14560
1.1242
1.1096
1.0992
1.0914
1.0853
1.0805
1.076S5
1.0732
1.0704
1.0680
1.0659
1.08641
1.0625
1.0611
1.0598
1.0586

[4



Table B.3. The Cost of Pumping with an Electrically Driven IRRI Pump

not including cout aof
DATA PREPARED BY HRH

Tape 3 ; Track 8 ; File 35

NAME OF HACHINE:

MAKE: IRRI AXIAL FLOW MODEL:
POWER SOURCE ELEC.
DATE 100483

PRESENT REPLACEMENT COST IN EGYPT, LE
WzAR OUT LIFE IN HCURS

EXPECTED AVERAGE REPAIR COST LE /HOUR
OIL COST LE/ 100 HOURS

CREASE COST LE /100 HOURS

ELECTRIC POWER REQUIRED ,Kw hour
ELECTRICITY COST LE /Kw.hsur

SALVAGE VALUE AT END OF WEAR OUT LIFE:LE
ANNUAL TAXES,LICENSE,PERMIT ,RENT ,etc,:LE
INTEREST RATE,PERCENT

Hrs PER FEDDAN PER YEAR

DISCHARGE OF PUMP cubic ni./hpr
EFFICIENCY OF PULHP

EFFICIENCY GF DRIVER

STATIC HEAD (HETERS)

DYNAHIC HEAD (METERS)

WATER DUTY PER YEAR,cubic nt/fd

HAX. TIRE SYSTEM WILL RUN PER DAY ,hours
HIN. TIHE BETWEEN IRRIGATION,days

HAX. WATER REQUIRED PER IRRIG.,cubic mt/fd

FEDD. ANKRUAL DEPRECIA. RE|
FIXED COST
1.00 30.035 0.959
2.00 30.025 1.918
3.00 30.025 2.877
4.00 30.025 3.836
5.00 30.035 4.795
&.00 38.025 5.754
7.00 30.025 &.713
8.00 30.025 7.672
9.00 30.025 e.631 1
10.00 30.025 9.590 1
- 15,00 308.025 14.385 1
20.00 30.025 19.179 2
25.00 30.0235 23.974 2
30.00 30.025 28.769 3
35.00 30.025 33.564 3
40.00 30.025 38.35¢9 4
45.00 30.025 43.154 S
56.00 30.025 47.749 b
53.00 30.025 52.744 3
60.00 30.02% 57.538 [
63.00 30.025 62.333 7
70.00 30.02% 67.128 7
75.00 30.025 71.923 8
80.00 30.023 7¢.718 <}
85.00 30.025 81.513 9
90.¢ 30.02% 86.308 10
95.00 30.0235 ?1.103 10
100.00 30.025 95.897 11
HAX. SYSTEM CAPACITY = 30.833 FED./
REQUIRED POWER INPUT TD PUMP AT MAX DISCHAI
HOURS PUMPING PLZR FEDDAN = 2.333 HAX

ENERGY INPLT TO DRIVER AT MAX DISCHARGE =

nachine operat--

3 HP  ELEC. SIZE: 6 INCH -
385.000
15000.000
9.030
6.000
1.000
1.179
e.192
9.000
5.000
13,000 X
37.363
182.000
0.400
0.790
8.750
0.750
6800.000
12.000
&6.000
423.000
PAIRS ENERGY GREASE OPERATOR
cosT A0IL cosT
1.121 B8.455 0.374 0.000
2.242 16.910 0.747 0.000
3.363 25.366 1.121 2.0g80
4.484 32.821 1.495 0.000
5.604 42.276 1.868 0.000
&6.735 50.731 2.242 0.200
7.846 %9.197 2.6:i5 0.900
B.967 67.642 2.989 0.C00
0.080 76.077 3.363 0.000
1.209 B4.552 3.736 0.000
6.813 126.828 5.604 ¢.000
2.419 169.104 7.473 0.000
9.022 211.380 ?.341 ©.000
3.626 253.4656 11.209 0.000
9.231 275.932 13.077 0.000
4,835 338.2069 14,945 0.000
0.440 380.485 16.813 g.008
6.044 422,761 18.681 0.000
1.640 445,037 20,3542 0.000
7.253 507.313 22.418 0.000
2.857 S549.58B9 24.286 0.00¢0
8.462 591.86% 26.1504 0.000
4.066 634,141 28.022 0.000
?.670 676.417 29.890 0.000
5.275 718.673 31.7598 0.000
0.879 760.969 33.626 0.000
&.404 807,245 35,495 0.09%0
Z2.088 845.521 37.363 6.000
YEAR
RGE = 1.238 BRAKE HORSPOWER
HOURS PER IRRIG. 44444 37.363 Hrs/YEAR

1.580 HP Hrs/YEAR 444

TOTAL ANNUAL

40.934

S51.842

62.751

73.660

B84.568

?5.477
106.386
117,295
128.203
139.112
193,455
248.199
302,742
357.288
411.829
465.373
$20.916
575.460
430.003
(B4.547
739.090
793.634
848.177
f02.721
957 . 264
1011.808
1066.351
1120.894

1.179 KN Hrs/YEAR

ANNUAL
LCST/fd
40.934
25.921
20.917
18.415
16.914
15.913
15.198
14.662
14,245
13.911
12.910
12.410
12.110
11.910
11.767
11.659
11.576
11.509
11.455
11.409
11.371
11.338
11.309
11.204
11.262
11,242
11.225
11.209

OUTPT
HP HWrs,
19.654
37.308
55.962
74.616
93.270
111,924
130.578
149,232
167.806
186.540
279.810
373.060
466.350
559.620
652.890
746.159
B839.429
932.4699
1025.969
1119.239
1212.509
1305.779
1399.049
1492.339
1585.509
1678.859
1772.129
1865.399

COST
HP HOUR
2.1944
1.3896
1.1213
86,9872
8.9087
0.8531
0.8147
0.786¢
0.7636
0.7457
0.6%921
0.6653
0.5492
0.6364
0.6308
0.6250
0.6206
0.6170
0.6141
0.5116
0.6096
0.6078
C.5063
0.6049
0.6037
0.6027
0.6017
0.600¢9

€0c
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IRRI AXIAL FLOW PUMP COSTS
Material Costs (U.S. Prices)

8' - 6" ID 18 gauge galvanized spiral wound pipe €$2.63/ft | 21.04
70" - 5/18 cold rolled shaft $0.63/ft 3.68
20' -1/8 x11/2 x 1 1/2 angle iron @$0.16/ft 3.20
1 £62 1/4" plate @ $2.77/£t2 2.77
3 5/8" bushings €$1.73 5.19
1 5/8" flex coupling @$10.00 : : 10.00
1 forged propeller : o 29.00
Subtotal ~ materials L 74.88
Labor Costs (Egyptian)

32 hours x $1.50/hr - 48,00
Total Cost 122.88

A cost of $123 was used in thé analysis.

The IRRI axial flow pump design must be changed when electric
motors are used as the driver. The electric motor cannot be coupled
directly to the pump shaft because 2300 rpm electric motors are not
commonly available. They can be built on a custom order basis but the
cost would be prohibitive unless extremely large quantities were
ordered.

A belt drive mechanism must then be built to gear a higher rpm
electric motor down to 2300 rpm. Additional support for the pump shaft

will also be required. It is estimated that these modifications will
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add $25 to the cost of the pumps. The cost then for an electrically
driven IRRI pump is $148.00.
Repair Costs

No repair costs were assigned to the IRRI pump when coupled to
drivers with wearout lives of 7500 hours or less. Certainly repair
costs will be incurred, however it is expected that the life of the pump
will exceed 7500 hours, while the analysis methodology assumes that the
pump will be replaced every time the driver is replaced. To compensate
for this discrepancy the value of the pump is assumed to equal the pump
repair costs. Field data suggests that these pumps are exceptionally
sturdy, and their repair costs are minimal.

Those IRRI pumps which are coupled to drivers with wearout lives in

excess of 7500 hours were charged $0.03 per hour for repair costs.

SAKIA QOSTS

Replacement Costs

Wahby et al reported the replacement cost of a sakia to be LE 500
in 1979. Assuming 10% inflation since 1979 a replacement cost of LE 550
was used in this analysis.
Repair Costs

In the above mentioned report a repair cost of LE 0.008 per hour of
operation was estimated. This analysis will use a repair cost of LE
0.01 per hour of operation.
Maintenance Costs - Grease & 0jl

A maintenance cost of LE 0.25 per 100 hours of operation will be
used in this analysis. The value used by Wahby et al was LE 0.10. This
value was multiplied by 2.5 to compensate for inflation and the

subsidized prices of petroleum based products.
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Hearout Life

The wearout life of the sakia was assumed to be 15000 hours. This
figure is the same as that used by Wahby et al but smaller than that
used in other studies. Some experts suggest that while this may be a
reasonable estimate of sakia wearout life in Middle and Upper Egypt, the

wearout life in the delta is probably significantly shorter. (1)

5 HP GAS AND KEROSINE ENGINE COSTS
Source - Briggs and Stratton
l. For applicaticn in Egypt. Quantity purchase (120 units) is
approximately 46% of list retail price.
2. The power of a kerosene engine at 3600 rpm is approximately
208 less than on similar gas engines. The power loss
increases as the rpms decrease.

3. Maintenance and repair cost of kerosene engine similar to gas

engines.
Shipping Costs
60 engines Ocean $662
2160 lbs Inland U.S. $220
109 £t Handling Charges  $160
Insurance 518
Total $1060

Shipping Cost Per Engine = $18.00 approximately.

1) Perscnal correspondence with E. V. Richardson



208

Replacement Cost
List Approx. Quantity
Price Price
5 - HP Kerosene - IC $305 $140
5 - HP Gas - IC $248 $115
Repair Costgs

Source -~ Briggs & Stratton
For Egyptian Field Applications — 5 HP Gas IC Engine
Every 300 hours - major overhaul
Labor cost $25
Parts $35.65 (Author's estimate)
Parts costs could range ($5 - $100)
Value guides, values, seats — cleaned and reground and rings replaced.
Problems - gas is low octane which results in carbon deposits
Major Overhaul Parts
Source - Bath Power & BEquipment

Seals 3.50
Rings 9.00
Tune up kit 9.15
Gasket set 7.00
Carb kit 5.00
Air filter 2.00
Subtotal 35.65
Labor $25.00
Parts $35.65

Total $60.65



$60,65 -~
300 hours ~ %0.20/Hr
A repair cost of $0.20 per hour of operation will be used in this

analysis.

Maintenance Costs

Source - Pacific Power Bquipment Company

Every 25 hours clean air filter with soap and water, change oil, l‘pint.
(Authors Estimate)

0il Cost ioéfﬂ = $0.02/Hr

Fuel Consumption

There is a limited amount of fuel consumption data on a "relatively
new" 5 hp Briggs and Stratton gasoline engine that powered a 6 inch IRRI
axial flow pump. A comparison of fuel consumption with the pump water
horszpower output showed significant scatter. See Table 4.2.

No information on pump efficiency, nor of the efficiency of the
drive system connecting the pump with the motor was given. No data on
the power output of the Briggs & Stratton engine while pumping was
given. Consequently, it would be difficult to estimate the fuel
consumption utilizing theoretical considerations. The available IRRI
data indicates that fuel consumption varied between .95 and 1.6 litres
per hour. The mode was 1.5 litres per hour which occurred under a wide
range of discharges. For this study the fuel consumption of a gasoline
driver of this pump will be assumed to be 1.5 litres per hour under all

discharge conditions.
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5 HP DIESEL ENGINE COSTS

Source - Petter Diesel
Replacement Costs
Large Lot Prices

Petters AB-I 5.5 Horsepower
Cyclonic Air Filter
Fuel Filter

Shipping & Insurance (estimate)

Maintenance :
Overhaul Parts - crank, cylinder, barrel,
piston, rings, etc.

Labor ~ 12 hours x $1.50

Major overhaul every 2500 hours
Maintenance cost per operating hour

Wearout life ~ 7500 hours

y$ii§fdb{
$17.31
$616.31°

$400.00

$418.00

Note: the cyclonic air filter will substantially 1ncrease the wearout llfe

of this engine. This filter is specifically de51gned to be used in’ hlgh dust

areas. Intake of dust into a small engine is the prlmary cause of early

engine failure.
Oil Consumption - 0.042 pints/hour
Consumption per 100 hours < 2.1 quarts

Fuel Consumption - 1.25 litres/hour
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FARYMAN DIESEL COSTS

Replacement Cost
Faryman 4.8 HP $600.00
Shipping & Insurance (estimated) $_20.00
620.00
Maintenance
Overhaul
Parts - 1/2 purchase price - $300.00
Labor 12 hours x $1.50 $_18.00
$318.00
: Méﬂéf overhaul every 2000 hours
"Méintenance cost per operating hour = $ 0.159

Wearout life 6000 hours

ELECTRIC MOTOR COSTS

50urce G. E.

, §l}fmeail Motors -

fi~f;9“115000 hours wearout life

57 i~:  repair cost - none

}if3 ;, maintenance costs - none

;i;ﬁaﬁéé All bearings are sealed. No lube or grease for the motor is necéssary.
i i’2.'__,3 HP Motor - TEFC, 3450 rpm R

IR wholesale price - $222

}~3.‘ The efficiency of the electric motor was assumed to be 79%
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CRISSAFULLI PORTABLE PUMP COSTS
Replacement Costs
The Crissafulli pumps were priced as a package which included a driver
provided by the Crissafulli company. The replacement costs used in this
analysis are 60% of the list rates. This discount represents the usual
discount for large orders.

List  Replacement Shipping

Pump Type Price Cost Cost
2 inch gasoline/7HP $1175 $705 $20
2 inch electric/3HP $1270 $762 $20
2 1/2 inch electric/3HP  $1300 $780 $30
4 inch electric/10HP $5800 $3480 $300
6 inch electric/10HP $5880 $3528 $300
8 inch electric/15HP $6660 $3966 $300

Note: The prices for the 4 inch pumps and larger are for the

knockdown model and in the case of the 6 and 8 inch pumps
represent pump/driver configurations that must e special
ordered. Crissafulli diesel power units for the pumps ran
from a list of $13,382 to $16,326.

Repair Costs

The repair ccsts for the 2 and 2 1/2 inch electric pumps were
estimated to be $0.02 per hour. The repair cost for the 2 inch gasoline
pump was estimated tc be $0.20 per hour. These costs are comparable to
the repair costs of the IRRI pump.

Thé repair cost for the 4, 6 and 8 inch electric pumps were
estimated to be $0.03, $0.03 and $0.035 respectively per hour of
pumping. These relatively low repair costs are a reflection of a simple
and sturdy pump design and the inherent advantages of totally enclosed
fan cooled electric motors. Acditionally, labor and material charges in

Egypt are extremely low.
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Maintenance Costs

The only maintenance costs associated with the electrically driven
pumps was grease for the pumps. $1.00 per 100 hours of operation was
the estimated cost of the grease required. The gasoline powered pump
was estimated to use $1.00 of grease and $2.00 of oil per 10G hours of
ope:ition,
Hearout Life

The wearout life of the electric pumps was assumed to be 15000
hours. ‘The wearout life of the gasoline pump was assumed to be 2000
hours.

8 INCH FIXED AXIAL FLON PUMP COSTS
Source - Peabody Flowway

. 8" F & F axial flow
1779 rpm
950 gpm
Static 1lift 2.5 ft
Losses 0.5 ft
2 ﬁP input required
pump Price $3540
3 ﬁP Motor $ 660 Efficiency 79%
Right Angle Drive __§;25Q Armarillo gear - #20 (Stub Lavender)
Total $4450
Pump Weight 700 lbs 3'x3'x 6
Motor Weight 79 lbs  2' x 2' X ZYifiil
Drive Weight 145 1bs 22" x 15" x 20"
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10 INCH FIXED AXIAL FLOW PUMP QOSTS

Replacement Costs — Large Lot Prices

1. Diesel Powered Unit
Petter 5 HP Diesel $ 616
Amarillo Right Angle Drive $ 250
Cascade Pump $3140
Total $4006
Shipping $ 350
Site Preparation $ 300

2. Electric Powered Unit
Cascade pump with a

3 HP electric motor $3800

Shipping $ 300

Site Preparation $ 300
Repair Costs

Repair costs of $0.03 and $0.167 were assumed for the electric and
diesel powered pumps respectively.
Maintenance Costs

Grease costs of $1.00 per 100 operating hours were assumed. The oil
cost for the 5 horsepower diesel was estimated to be $2.10 per 100 operating
hours.
Hearout Life

A wearout life of 7500 hours was assumed for the diesel powered pump
while a wearout life of 15000 hours was assumed for the electric powered
pump.
Fuel Consumption

The diesel engine was assumed to consume 1.5 litres per hour. The

electric motor efficiency is 79%.



Table:C.1.. A:Summary:of the Pump Data Utilized in the Economic Analysis

Pump Sakia Sakia Sakia IRRI TRRI IRRT
Driver Buffalo Cow °~ Buffalo 5 HP 5 HP 5 HP
Pump Price (LE) 550 550 550 123 123 123
Driver Price (LE) - - - 115 140 616
Shipping Costs (LE) - - - 18 18 20
Installation Costs (LE) - - - - - -
Wearout Life (hours) 15000 15000 15000 2000 2000 7500
Engine Efficiency (%) - - - 12 12 12
Fuel Type - - - gas kerosine diesel
Fuel Consumption (Litres/Hr) - - - 1.5 1.5 1.25
Fuel Cost (LE/Litre or LE/KwH) - - - 0.237 0.273 0.239
Animal Energy Cost (LE/Hr) 0.208 0.129 0.129 - - -
Repair Cost (LE/Hr) 0.01 0.01 0.01 0.20 0.20 0.167
0il Cost (LE/100 Hr) - - 2.0 2.0 2.10

Grease Cost (LE/100 Hr) 0.25 0.25 0.25 1.0 1.0 1.0
Taxes, rent, permits (LE) 5.0 5.0 5.0 5.0 5.0 5.0
Interest (%) 13 13 13 13 13 13
Operator Coslj 0.05 0.05 0.05 - - -
Discharge (m”/Hr) 108 54 72 182 182 182
Purp Efficiency (%) 45 45 45 50 50 50
Static Head (meters) 0.75 0.75 1.00 0.75 0.75 C.75
Dynamic Head (meters) 0.85 0.85 1.15 0.75 0.75 0.75

STC



JTable C.1l. Continued.

IRRI Crissafulli Crissafulli Crissafulli Crissafulli
3 HP 2 inch/3 HP 2 inch/7 HP 2.5 inch/3 HP 4 inch/10 HP
148 762 705 780 3480
222 - - - -

15 20 20 30 300
15000 15000 2000 15000 15000

79 79 12 79 79

electric electric gas electric electric

- - 1.0 - -
0.03 0.02 0.20 0.02 0.03

0 0 2.0 0 0

5 5 5 5 5

13 13 13 13 13

- - - - 0.30
182 42 42 83 205

40 10 10 10 10

075 0.75 0.75 0.75 0.75
0.75 0.80 0.80 . 0.80 0.80

9Te



Table C.1. Continued.

Crissafulli Crissafulli Crissafulli Cascade Cascade
4 inch/20 HP 6 inch/10 P 8 inch/15 HP 10 inch/3 HP 10 inch/5 HP
4142 3528 3966 3800 3140
- - - - 866
300 300 300 300 350
- - - 300 300
15000 15000 15000 15000 7500
79 79 79 79 12
electric electric electric _diesel electric
- - - - 1.5
0.192 0.192 0.192 0.192 0.239
0.03 0.03 0.035 0.030 0.167
0 0 0 0 2.10
1.0 1.0 1.0 1.0 1.0
5.0 5.0 5.0 5.0 5.0
i3 13 13 13 13
0.30 0.30 0.30 0.30 0.30
247 358 454 340.5 340.5
10 15 17 69 69
0.75 - 0.75 0.75 0.75 0.75
0.80 0.80 0.80 1.00 _ 1.00

LTe
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AMERICAN EQUIVALENTS OF EGYPTIAN ARABIC

TERMS AND MEASURES ~ ~MONLY USED

IN IRRIGATION WORK

LAND_AREA IN SO METERS IN ACRES |N_FEDDANS IN HECTARES
| acre 4,046.856 1.000 0.963 0.405
| feddan 4,200.833 1.038 1.000 0.420
t hectare (ha) 10,000,000 2.471 2.380 1.000
! sq. kilometer 100 x 104 247.105 238,048 100.000
I sq. mile 259 x 10° 640,000 616.400 259.000
WATER MEASUREMENTS FEDDAN-CM ACRE-FEET ACRE—~INCHES
! biltionm? 23,809,000.000 810,710.000
1,000 m ? 23.809 0.811 9.728
1,000 m 3 /Feddan 23.809 0.78l 9.372

(= 238 mm rainfall)
420 m > /Feddan 10.00 0.328 3.936

(= 100 mm rainfall)
OTHER CONVERSION METRIC u.S.
| ardab = 198 liters 5.62 bushels
| ardab/feddan 5.41 bushels/acre
| kq/feddan 2.12 Ib/acre
I donkey load 100 kg
! came! load = 250 kg
| donkey load of manure = 0. md
| came! load of manure = 0.25 m°
EGYPTIAN UNITS OF FIELD CROPS

CROP EG._UNIT IN KG IN LBS IN BUSHELS
Lentils ardeb 160.0 352.42 5.87
Clover ardeb 157.0 345.8| 5.76
Broadbeans ardeb 155.0 341.41 6.10
Wheat ardeb 150.0 330.40 s.51
Maize, Sorghum ardeb 140.0 308.37 5.51
Barley ardeb 120.0 264.32 5.51
Cottonseed ardeb 120.0 264.352 8.26
Sesame ardeb 120.0 264.32
Groundnut ardeb 75.0 165.20 7.51
Rice dariba 945.0 2081.50 46.26
Chick-peas ardeb 150.0 330.40
Lupine ardeb 150.0 330.40
Linseed ardeb 122.0 268.72
Fenugreek ardeb 155.0 341.41
Cotton (unginned) metric gintar 157.5% 346.92
Cotton (lint or ginned) motric gintar 50.0 110.13

EGYPTIAN FARMING AND IRRIGATION TERMS

fara = branch

marwa = small distributer, irrigation ditch

masraf = field drain

mesqa = small canal feeding from 10 to 40 farms

girat = cf. English "karat", A land measure of 1/24 feddan, 175.03 m2
garia = village

sahm = 1/24th of a qirat, 7.29 m?

4

“aia = animal powered water whee!
= draln (vb.), or drainage.

See also masraf, (n.)
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