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Et;YPIT: IRRIGATION PUMPS 

SUMMARY AND RECOMMENDATION 

1. 	 Borrower: Government of the Arab Republic of Egypt (COE)
 

2. 	 Implementing Agency: 
 The 	Egyptian Ministry of Irrigation
 

3. 	 Loan Amount: U.S. $ 11.0 million
 

4. 	 terms: To Government of Egypt - Repayment within 40 years
 

including ten years of grace; 2 percent 
annual interest
 

during 
.he grace period and 3 percent annual interest
 

thereafter.
 

5. 	 Purpose: 
 Increase irrigated agricultural productivity in
 

the 	project area.
 

0. 	 Project DescripLion: Installation of irrigation water
 

pumping facilities at 34 sites in Middle and Upper Egypt.
 

The A.I.D. loan will 
provide funding for the necessary
 

equipment and supplies for installation of new or replace

ment pumps.
 

7. 	 Total Project Cost: 
 Total cost of the pumps project, both
 

foreign and local, is estimated at $ 18.2 million. 
 The
 

foreign exchange component is estimated at 
$ 11.0 million.
 

The GOE will provide 
the balance of $ 7.2 million equivalent
 

in local currency for installation and supgort costs.
 

8. 	 Loan Application: The Government of Egypt has requeated 
an
 

A.I.D. loan of $11.0 million to cover the foreign exchange
 



costs of this project. The application is attached as
 

Annex A.
 

9. 	Mission Views: USAID/Egypt has recommended authorization
 

of the proposed loan.
 

10. 	 Source of U.S. Funds: Fiscal Year 1977 Security Supporting
 

Aas±stance.
 

11. 	 Statuatory Requirements: All statuatory criteria have been
 

met. See Annex D.
 

12. 	 Recommendation: Authorize a $ 11.0 million loan to the
 

Government of the Arab Republic of Egypt on terms and
 

conditions set forth in the draft loan authorization in
 

Annex B.
 

13. 	 USAID PrLJect Committee:
 

CDE:TRTifft
 

CDE: PSLEWIS
 

AGR:NDEMIK
 

LEG:STISA
 

ECON:JNORRIS
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I. ~N'I|UTiON 

The Goverument of Egypt has requested a loan of $11,000,000 
to finance the foreign exchange costs of replaclng or in
stalling irrigatior water supply pumping systems at 34 Irri
gated agricultural sites in Middle and Upper Egypt. Of 
these Sites, 17 have exiting pumping equipment which will 
be replaced and 17 without such equipment will have power
driven equipment installed. The project Is expected to in
cre se agricultural production substantially in these areas. 
The Ministry of Irrigation selected the sites, which represent 
about three percent of the pumping stations in Egypt, on the
 
basis of condition of equipment, their importance to production
 
of key export crops and the desires of farmers for publicly
operated water delivery systems.
 

This project will complement other A.I.D. assistance to the 
Egyptian agricultural sector. Several capital and technical 
assistance projects are underway: PVC Drainage Pipe Plant 
(Loan 263-K-034), Water Use and Management Studies (263-0017), 
Agricultural Development Systems (263-0041), Poultry Improve
ment (263-0060) and Managing Planning in Agriculture and Rural 
Development (TAB-0209). Commodity import assistance totaling 
approximately $41 million in being provided to increane agri
cultural production, including tractor units, soybean seed and 
innoculantn, deep well pumps, electrical parts for pumping 
stations, and herbicides. Future project and commodity import 
assistance to the agricultural sector are planned. 

A feasibility study of this project was completed in Mid-1977
 
by the firm of Louit Berger International under Contract
 
AID/afr-c-1132. The study, reviewed by USAID and the Ministry
 
of Irrigation, serves as the basis for this Project Paper.
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. 11AtKt0, 11N 1 

A. Gtneurai 

Egypt is largely desert country with a total land 
area of approximately I million km2 , The populated area is 

2
35,850 km (3.6%) and the cultivated area approximately
 
28,120 km 2 (2.8%). The cultivated area per capita was esti
mated to be .76 feddans in 1960 and now is only about .70
 
feddans per person.
 

The entire country of Egypt lies in the temperate
 
zone between 220 and 32' north latitude. It is part of the
 
vast desert belt that extends in Northern Africa from the
 
Atla:.tic Coast eastward through Saudi Arabia. It is a dry,
 
aril country with subtropical temperatures prevailing through
out the land. The Nile, flowing from the southern region to
 
the Mediterranean, forms the ribbon of life for the count.y.
 
P'eople and crops are confined to the easitern a id wetstern edges 
of this ;trip of water. The deserts on both sides to the Nile 
Valley provide a warm and rainless climate with pronounced 
diurnal changes. 

'The project area is located in "Upper and Middle Egypt. 
The average rainfall is highest in the northern par.t of that 
region. Beni Suef Governorate, Ln the north averages about 11.3 
miI meters,, mt,:0, o," Whichl Oome, in the winte'r tperiod. In the southern 
Ittr,:t, Aswrui k~oVernorpte , the averitge ratinfiCal 1 nel igible, funounting 
ti, only I.') nillimvtor:' ityear. Although the avert g( rain fall ',s 
pnit, tta] 'y n il., (,,',s IJrl '1"storms" -,n rause .;evero, erosion. 

Egypt has an estimated population of 40.0 million 
(1977) withia current population growth rate of 2.5% per annum. 
About 967. of the country is uninhabitable. The remaining 4%, 
located mainly in the Nile Delta and the Nile Valley, Is densely 
populated, estimated to have over 1,000 persons per km 2 . The 
per capita GNP for the country in 1970 was U.S. $210 and for
 
agriculture the per capita (;Nil in the same year was only U.S. 
*100. In 1974, the per capita ;NP for the country was U.S. $280. 
The relative poverty level in rural area,; of the country In 
estimated to be U.S. $58 per capita. 

Food import costs over the lant few yeat have risen 
nharply from les; than LE 100 million to over LI: 500 million 
annually. Government oubsidiLen to nupply basic foodn in urban 
arean at low prices and certain production Inputs such as fer
tll.izern and peltlicides to farms at fixed pricebi have also 
risen from about. LE 50 million to nearly LE 500 million. 4 n 
spite of this, food prices have risen about 60% since 1967. 
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It. A&ritvultt uy t, 

'ite agriculture sector is critical to the life and economy 
o Egypt. it involves 57% of the population, provides employ
ment opportunities for 46%, generates 31% of the GNP and is
 
responsible for approximately 75 to 85% of export earnings.
 
It is the basis for the present study and establishes the broad
 
Justification for the pumps under consideration. The Nile,
 
flowing northward, provides two distinct agricultural regions:
 
The Nile Delta, an alluvial fan, and the Nile Valley, formed
 
by alluvial soils deposited annually on the east and west banks
 
of the Nile. In general, agriculture is more advanced in the
 
Nile Delta than in the Nile Valley. The irrigation pumping
 
project is located in the Nile Valley, referred to as Middle
 
and Upper Egypt.
 

Due to its mild and temperate climate and available water,
 
the Nile Valley enjoys a year-round growing season. New crops
 
are planted as quickly as old ones are harvested. Traditionally,
 
the agricultural year begins in November and is divided into
 
three periods: winter, summer and "nili" (the fall season,
 
named after the Nile flood). The major winter crops are wheat, 
barley, Egyptian clover or berseem, broad beans, lentils, winter 
vegetables, winter onions and flax. These crops are usually 
planted during October through December and harvested from 
April through June. The major summer crops are cotton, maize, 
sorghum, millet and summer vegetables. They are generally 
planted from March through June and harvested from August through 
November. The nili crops include maize, sorghum and vegetables 
which are planted in July and August and harvested from October
 
through December. Sugar cane is perennial and is usually planted
 
in January and February and harvested about 15 months later.
 
The subsequent ratoon cuttings are hirvested a year apart after
wards. An array of fruits such as oranges and other citrus,
 
mangoes, grapes and bananis are grown in permanent groves. Dates,
 
the second most important fruit after oranges, are found scattered
 
around villages and cul'ivated fields and along canals.
 

C. Farm Practices
 

The general practice is a 2 or 3 year rotation. In addition
 
the lani usually supports a variety of crops throughout the year,
 
giving a cropping ratio of close to 1.9. The areas devoted to
 
sugar cane and cotton are regulated by the Government and tend
 
to be farmed in relatively large consolidated blocks. The other
 
crops are distributed In small plots. In the two year rotation,
 
the land is divided into two approximately equal blocks. One
 
block is planted to clover in the winter and after about two
 
cuttings, the summer cotton crop is planted. The second block
 
is divided into two equal parts, one of which is planted to
 
clover and the other to wheat and barley. These two blocks are
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subsequently planted with summer crops such as maize, sorghum,
 
summer vegetables or millets. In the second year, the respec
tive crops are planted in the opposite plots in the same dis
tributions. In the three year rotation, the land is divided
 
into 3 equal blocks. Block one is planted to clover from
 
which two cuttings may be obtained before ?lanting the field in
 
March to cotton. Block two is planted in winter to clover or
 
beans and the third block to wheat or barley. The latter two 
blocks are subsequently planted with summer crops. This sequence 
of crops is rotated among Lhe three blocks in the second and 
third year to complete the rotation. On farms where cane is 
grown, the sugar Lane remains in the same plot for at least three 
yetirs. The balance of the farmer's land is divided into plots 
in which winter, summer and nili crops are cultivated. As a 
consequence, the calculation of water requirements and pump 
sizes
 
is a cumplex problem.
 

2.09 	 All farm plot,; in the project orea engage in perennial irri
gation made possible by the comzi.ssioning of the Aswan High Dam.
 
Farmer's fields are provided water distributed through a vast
 
network of irrigation and drainage canals operating under gravity.
 
In the majority of cases, water is lifted out of the main canals
 
to the plots by means of traditional water wheels, shadoofs, and
 
screws. Since there is no water charge to the farmer, It Is said 
that there is a tendency to over-irrigate, although water discl
pline is improving with the Ministry of Irrigation's recent 
efforts to match supply from the dam to actual crop production
 
needs.
 

2.10 	 The major source of power on the farm is the buffalo and 
cat tIe. These animals ate used to cLarry out land preparation, 
threshing of grain, lifting of water and in transporting goods 
and people. Macihinery is being used to an increasing extent 
In some agricultural operations needing draft power such as plow-
Ing for sugar cane areas, pumping machines for irrigation and 
motor sprayers for pe,it control on cotton. The donkey It, very 
common 	 and is used primarily to transport goods and people. 
Sheep of the fat Lailu, coarse wool type, and goats aret ouid 
In the 	area, ustually in ,erdt; controlled by nomadi,. Sheep and 
goat milk Is utted primarily for making c hect;e ,iand their t lesh 
provides the occasional meat Complonent ot the rural Egyptian's 
diet. The raw wool produced it; uled mainly for making c:arpets.
Poultry are common, securing their food by scavenging the culti
vated fields. Organic and chemical fertilizers are used extensive
ly and farmers are fully aware of their benefits. 
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1l1. THE PROJECT 

This project involves the replacement of 17 existing 

pump stat ions in Aswan and Qcna Governora tes and the Inst al li -

Lion of 17 new ut at ions in Beni Suef , Minia and Sohog Governor

ates. The locations of these 34 stations are shown on the maps 
presented in Annex E. Ali illustration of a typical Pump
station in relation to irrigation canals and irrigated
 
fields is shown in Annex F.
 

All of the existing pumps in the system were designed

and inutalled for operation and cultivating conditions that
 
were quite different from current condition.;. For example,
 
the stations were established when there 
was an 8-meter annual
 
variance in Nile level, tothe River prior construction of the 
High Dam as compared with the present 2.5-meter variance. 
 The
 
stations were also designed to serve cropping patterns 
that
 
were substantially different 
from those found in Egypt today.
 
Since they were built, approximately 10 to 15% more land area
 
has been brought under cultivation and high water demand crops

such as sugar cane and sorghum have been added to :he crop

distribution 
n the project areas. Because of these factors,
and the age and condition of the pumping units, the peak water 
demands at the stations is on the average about 50 percent 
greater than the pumps are capable of supplying while service
able spare units for emergencies are retained. Almost all of the 
pumps and prime movers have operated well beyond their useful
life. Of the 17 existing sites, 10 utilize equipment manufac
tured in 1931-33, 4 use equipment manufactured in 1949-54, and 
3 use equipment units made in 1965-67, as detailed in Annex C. 

Water supply at sites without pumping station., al.,io ;how 
a substantial deficitwater Si;nce mos;t water -;kipplled at present
Is by traditional mean.; such as draft animal and hand-opt'trtted 
water wheels and shadooft, (counterpoist sweep). The et llect of 
this deficiency it a subs tantt il lota.1; in c rop yiteld' Whiclh could 
De recovered by investment In more efficlent i.;echtntva] del ivery 
slystema.
 

'rhibl project 61iso p r'ovidh ts troIntport vitq lpIin it lot 
taltL ion Installtat ion and ma itt nuncr 111nd 'hop vq(111 ri tI ( tCll+ 

grade the maintenance and rebuild C lurp I i1 ot exiat Ing ",hiipes
Ftnding in also being provided for contiult iuy, engll ncr iilig Hilrl
vices required for finalization of bidding documents, revie 
of bids, award recommendutionn and monitoring of proctiremeit and 
project implementation. 



IV. TECMHICAL ANALYSIS 

A. 	 Pumping Stations
 

I. 	 Water Reqyiirenientti 

4.01 	 Water ia supplied to tile irrigation system of Egypt through 
daily diachargeti front the Atswiin tigh Dam. The dam, commissioned 
III the early 19bO'-.; wan designed to generate hydroelectric 
power, 	 control Nile River flood!; and provide water for Irri
gation and navigat tonal purpot;et;. It I.ti enit imated that isouie 
82% of theita nut.1 As;wan ditichaige or 46 v'illi on gallo :. ii utined 
directly for Irrigation purpotite,. iter et-quirietent. through
out tile irrigation tyzitenc from Aswan to the Medlt erranean are 
monitored daily by ;ittionti along the Nile. 1)1icha rgn.ri from 
the Iligh Dam lt!u rr lated element. i ot tilt, water :,ulpply tiy:;Iem are 
regulated contIlnuouUily by tilt Mini±try of Ir IIga tIo it ccciding 
to On lite a ti ne i .meita of tile de-mand bha nd oil k row ig t'ad iOnl 
cropt; to be Irr igated and the actual titit e of land prepairattoil 
In each area. 

4.02 	 May t hrough Sept emrber are tlhe c r it I cal noatli .I lot r1-ial Ion 
wter demand . Ji I y be Ing t lie peak demiid tiont h. The dvt.emnia MAY 
btt calculated I rom il Interact ion a nal yit; of k',y v r I ab1ei: 
crop traitipirat lol rat ei by plant growth nit.ig ; water tair tace 
evaporation; air temperature; aoll jercoliatio; wind velocity; 
crop distribution ind water is tsie praicetIt-ti. 'rimary determin
atLt i of thetie variable i art- sioll topography, ci tmate, cropping
patterni, and miilIgement of local wat er tuppl v. ColiA£dr la l 
reicarch oil thte Interact ion of thetei var i.tbllr I I t each majIor 
crop, by cult ivat ion cycle atld .r-egrail, regio,. lai been 
cond ucted a.I nc e 190 2 11 liate . erd ioat, tihroutgithout I.Lgy pt,clect locat 

4.03 	 Ite 'iu 1tt#6 t t lieI I tl it a 11 vvt I g I Iat h.V ' l 4Li I r I rt tit 

ca44l 1 	V t t'iL e d 1iiidte r het actu il cro p r ti I tI t riva I 	 I ,I,.i tItit 
t. g y pt d atr 1 a F t he*. p.ua t 1 t- v e r a 1 y c.- ra, 1 t- r. is 1 t Ii Ik . IIt q it .3 it I: 4.1 t I 1 t 
o at' tist I witt' v rvl Ito LV; v.l 
I i itgI tF l diLit , t het w i t i a' a d ,-vs e 1 * it 4 Ih 1'4 till ll %.k 

ItI i 	 t lait t i tar n i t I Ioi itl t(I It I tol1it 

ils t 	 r talIie d by a:ggrvg at i fI e t he wait ajs I r cre rq q ae i.tt rA Io g at - tap p 1 i 
ot U 41a by )va k oaIit Is. 

4 . 0 4 I ' isr r I v t, 4, a aV. IK ut p f t .i I g. CI i a t .1 I 1 ti t at t illt itL I. P. V t 1 a 1 I 

liitik Wiat draatafdt welt. ailt t lh-I ali tint d1 by aplistop II late Iat'tor 
to c ompontst titi ll l I fir foI lowillg 

El .oU aarl i t ll 4tanF I h 1'4 1111 . i i rita4l ai l t'Inaa nn A 
Clo "lfI t I it. ll Il) 0 .' f ilt I4pi l,: ' l; p t .ilid I ,l*11 'A fi l ll ltl 
Egyplt , a i a ( lly r$4eade Illr Retaira Iaint l Ii tii t lieetta 4 It
Hlin1 tIry o t lIlgat fItn, I. J) , w lt' tt it 11 rd 

b. 	 IrrI at loll votat l p;air 3tala. A ttal t hitt Iiat tie wjao
dl r vai 1rom l torwm t io t O0 1 rrla t I ionpr tt Ici i In 
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Egypt, provided by the Ministry of Irrigation, as shown in the
 

following table:
 

TABLE 1
 

ANALYSIS OF CROP ROTATION
 

Rotation
 

Region Crop Rotation Period Factor
 

Middle Egypt 	 Rice 4 days wet; 4 days dry 2
 
Vegetables 4 days wet; 4 days dry 2
 
Cotton 5 days wet; 10 days dry 3
 
Other ; days wet; 7 days dry 2
 

Upper Egypt 	 All Crops 7 days wet; 7 days dry 2
 

c. 	 Daily periods of pump operation. Pump operating time 
coefficients were determined from the data provided 
by Irrigation Water Districts as shown below: 

TABLE 2
 

Pump Operattng Times 

Locat ion iours/Day Coefficient 

Beni Suef 18 1.33 

HinIa 18 1.33 

Soa g .6 1.50 

Qena 16 1.50 

,Dcrb) 24 	 1.00 

Anwan 19 	 1.26
 

4.05 	 Th, nggrogato ,utnLton discharge requirement" in cubic meter. per 
uccond are shown In Annex II. 
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2. Static Lift
 

Utilizing data provided by the Egyptian Research Institute for
 
the Study of High Dam Effects, an independent investigation
 
was used to verify the ac-uracy of site static 
lift data pro
vided by the Ministry of Irrigation and presented in Annex H.
 

In determining static 
lift, the possible future effects of
 
construction of a proposed barrage at 
El Siluila, 71 kms
 
downstream from Aswan, were 
not considered. The issuep of the
 
barrage project are under discussion within the Ministry.

However, no one can predict 
the decision or when it 
may be made.
 
If the dam is built, increased water levels upstream will 
reduce
 
the static lifts 
at related stations. Rather than size motors on
 
a tenuous prediction of a 
future situation, size recommendations
 
were 
based on existing conditions.
 

3. Electric Power
 

Twelve of the existing pump stations 
are presently electrified.
 

It is proposed that all of 
the existing

diesel-driven stations 
and all of the new pump stations similarly

be electrified. 
 An economic analysis of electric vs. diesel
 
driven is presented in Chapter VI.
 

The primary deterr[inant of the desirability of electrifying 
a
 
pumping station is the distance between the station and an 11

KVA line. This is the level of 
power at the last terminal point

before step down reduction for distribution throughout the 
local
 
area served by the electrical network. 
 The existing 11 KV
 
terminal points throughout Egypt are shown on 
the maps in Annex E.
According to data furnished by 
the Rural Electrification Authority,

Ministry of Electricity, a terminal point has the Lapacity 
to
 
serve a pumping station when the station is 
located within a
 
radius of 15 to 25 kilometers of the terminal outlet. 
 To demon
strate the serviceability of 
the project stations by the existing

power network, a dotted 
circle showing power terminal area
 
coverage has been drawn on 
the maps presented in Annex E. All

stations are within the range of 
an 11 KV power distribution
 
point, and, theretore, can be electrified at moderate cost.
 

4. Pump and Motor Sizing
 

Based on water demand, static head, dynamic head, etc., pump

capacity and horsepower requirements were determined by standard

engineering computation methods. These calculations, together
with recomtmended pump and motor sizes, are presented in Annex I.
Pumpswill be of the vertical shaft, direct drive, single stage

mixed flow type. ]n selecting pump and motor sizes, high priority
wal; given to standardizing the equipment at each station and pro
viding for a significant degree of standardization in the total
equipment procurement. For the 104 motors and pumps selected for 
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33 of the stations (excluding Derb, Station 23), the following

list shows the number of different sizes determined for the
 
main equipment components:
 

TABLE 3
 

Shaft and Bearing Diameters 2
 

Pump Bowl Sizes 3
 

Motor Speeds 3
 

Impeller Sizes 
 6
 

Motor Sizes (HP and Speed) 12
 

The electric motors selected 
are within the permissible maximum
 
of 500 HP, thereby allowing them to be of the 
same voltage

(380v), hertz 
ratings (50 cycles) and phase (triple). When
 
final specifications are written, motor 
sizes may be further
 
reduced to 7 or 8 if intermediate sizes covering the requirements

of the 
widest range of pumps are selected. This point will be
 
considered in final specification of 
equipment requirements.
 

Spare pumps will be supplied for each station. The spare units
 
will permit repair of a deadlined primary unit without disruption

of the required water 
supply and will insure an emergency reserve
 
during peak demand periods when failure 
to deliver enough water
 
for as little as one of two days can substantially reduce crop

yield. Operaticn of the spare unit 
is to be rotated with the
 
other units to 
prolong the useful economic life of all units.
 
Spare parts will be 
provided amounting to about 15 percent of
 
pump costs and 10 percent of motor costs.
 

5. Installations
 

All pump stations, except El 
Derb (Site 23), will consist of
 
fixed concrete 
platforms extending from the river bank, supported

by reinforced concrete piles. A sketch of 
a typical installation
 
is shown at Annex J. The initial cost of such a platform (LE8,500)

is only 14% of the initial cost of the floating barge platforms

currently in use at some 
pump stations in Egypt. Further, the
 
fixed concrete platforms require no maintenance, while costs of

barge maintenance are considerable. The type of construction is
 
simple and poses 
no problem to medium-to-large local construction
 
companies.
 

Pump stations will be 
sited at locations on the river where sedi
mentation 
or erosion are minimal. If the El Silsila barrage Is
 
eventually built, the increase in water level will 
reduce the

static head at adjacent upstream stations. It is not expected
 



4.15 


4.16 


4.17 


4.18 


4.19 
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that changes in river regimen caused by construction of the
 
barrage would adversely affect operation of adjacent pump
 
stations. However, this factor will be fully assessed during the
 
detailed field investigation of station sites.
 

The El Derb pump station, the largest and most modern of the
 
sites investigated, is presently housed in a concrete building,
 
with a suitable intake structure, that will adequately
 
accommodate the new equipment. The existing pumps will be
 
removed and replaced sequentially to avoid interruption of irri
gation water flows.
 

The project budget 
includes dollar and local currency funds to
 
cover all costs of site improvement, station construction, and
 
related electrical transmission lines and connections.
 

6. Data Collection
 

The absence of an adequate pumping data collection system
 
was 
noted during investigation of the project. Recommendations
 
were made by the consultant to initiate recordkeeping by station
 
operators relative to pump operating times, 
frequency of repairs,
 
electric power consumption and actual water delivery. It was
 
recommended that weirs be installed at pump stations to measure
 
discharge quantities. Although the project budget includes
 
local currency for weir construction, further investigation will
 
be made of more economical ways by which to measure discharges
 
prior to expenditure of funds for this purpose.
 

B. Support Equipment
 

1. Maintenance
 

The Mechanical and Electrical Departments of the Ministry of
 
Irrigation maintain three permanent workshops and 
three
 
floating workshops in Upper Egypt. 
 These shops are under separate
 
managers and are specialized by the type of work. The Aswan
 
shop maintains diesel pumping stations; the Komombo shop is 
set
 
up to maintain electric pumping stations; the Naga lammadi
 
installation is a much larger shop and performs all types of work
 
on diesel pumps, electric pumps, deep well pui,. s and floating
 
pumps. The three floating workshops, attached - the Aswan shop,
 
are 
assigned throughout Upper Egypt as needed to, principally,
 
service equipment which cannot be readily moved to the main shops.
 

Based on existing inventories of shop equipment, comprehensive 
packages of additional shop equipment and tools are being pro
vided to upgrade the capabilities of the three main shops and 
the floating workshops. Major equipment items include air 
compressors, grinding machines, 
floor cranes, lubrication units, 
presses, welders, etc. Electrical testing and motor re-winding 
equipment is also provided. 
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2. Transport Equipment
 

To improve the capability of the Mechanical and Electrical
 
Departments to install and service the new pumping stations,
 
transportation equipment, including pick-up trucks, flatbed
 
trucks, personnel carriers, mobile shops and crew boats, will
 

be provided to the three main shops.
 

3. Communications Equipment
 

Project investigations have indicated that improved communications
 
between the various operational elements of the Ministry of
 
Irrigation would serve to increase the efficiency and effective
ness of repair and maintenance efforts. The recommendation of the
 
study consultant to establish a radio communications network
 
between the new pump stations and related shops and Ministry
 
offices has been given serious consideration. As we recognize
 
that the telecommunications problem is endemic to all civil
 
government operations in rural Egypt, we do not believe that
 
the problem can be satisfactorily addressed by providing radio
 
communication facilities to the relatively few pump station
 
sites included in this project. The number of sites included
 
represent only about three percent of the prime irrigation stations
 
in Egypt, and, after project completion, these will be less
 
likely to require emergency repair services than any other
 
stations in country. At the present time, a U.S. consultant,
 
Continental Telephone Corporation, is preparing a nationwide
 
telecommunications improvement plan under an AID-funded contract
 
with the Ministry of Communications. The opportunity will be
 
provided all GOE ministries, including the Ministry of Irrigation,
 
to express their requirements and have such needs incorporated
 
into the national master plan. We believe this approach will re
sult in a more comprehensive solution to the communications
 
problem.
 

C. Consultant Services
 

The services of a U.S. consulting engineering firm will be pro
vided to assist the Ministry prepare the final specifications
 
and invitations for Bid (IFB), evaluate bids, contract for equip
ment procurement, monitor procurement, and supervise the installa
tion and testing of equipment. The consultant shall assist the
 
Ministry in planning and supervising site preparation, which
 
includes the construction of pump platforms, access road, electri
cal hook-up and discharge pipe installation. These services are
 
considered essential to ensure timely project implementation.
 

D. Capital Costs
 

Dollar cost estimates for U.S.-procured equipment are based on
 
manufacturers' estimated 1977 costs. Local currency import
 
duties are indicated. Total project costs are summarized in the
 
following table.
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CAPITAL COsT ESTIMATE 

Foreign Exchange L.ocal CurrencY 
(U ..S . $) (I,.E.)

itern 


A..Pumpin- Stat ions
 

331,280
2,151,186
Pumps 

322,678 30,490


Pump Spare Parts 

334 070
3,510,913
Motors 


351,090 33 180
 
Motor Spare Parts 


341 470

& Sw itches
Tiansformers 
 24 ,090


Transformer Mount ing 
486,880


Dis;charge Pipe 

1,481 700
 

'T1.insmission Line 
 65 560
694,048
Stbmarine Cable 

280,500


Pump Platforms 
 51 000 
Site Access Roads 
 85,000

Mea-;uring Weirs 


7,029,915 3,545 ,220
 
Sub--Total 


B. 	 SU,port- .E.quipment 

867,100 312,590
Tlransport Equipment 

130,065 12,290

Spare Parts 

28,980
306,665

Shop Equipment 
 7,070
74,855
Testing Equipment
Eli-ctrical 


360,930
1,378,685
Sub-Tot al 


117,000
350,000
St-rvices 


Secrvice Sub-Total 8,758,600 4,023,150
 

C. Consul tant 


D. E_qui _ent& 


E. 	Cont ihnncies
 

875,860 402,320

Physical 10% 


603,430
1,365,540
Price 15% 


11,000,000 5,028,900

F. Tot a3 .Proj.ectCosts 
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V. FINANCIAL ANALYSIS
 

A. Financing Plan
 

1. Capital Costs
 

estimated at $11,000,000 and LE 5,028,900.
Capital costs are 


Total project cost expressed in dollars at the parallel mar

ket rate is $18,184,000, of which approximately 60% represents
 

foreign exchange cost and 40% represents loc'l currency cost.
 

The entire amount of foreign exchange -ost is to be provided
 

are to be provided
All local currency costs
under this loan. 


by the Ministry of Irrigation from its budget from the Govern

ment of Egypt.
 

2. Operating Costs
 

Costs of operation and maintenance are estimated at LE 1,360,000
 

annum after project completion. All costs will
($1,904,000) per 

be paid by the Ministry of Irrigation from its annual budget
 

allocations.
 

B. Ministry of Irrigation
 

The Ministry is a government agency, not a profit making enter

source of funds is allocations from the
prise. Its only 

annual investment n new pro-
Government budget. The level of 


5 years has ranged from LE 20-3v million and
jects for the past 

impose a financial
capital costs of this project should not 


We will obtain our customary assurance that sufficient
burden. 

local currency will be available for this project.
 

C. User Charge
 

There will be no direct cost recovery which can be directly
 

attributed to the project because farmers do not pay a user
 

charge for water. The Ministry of Irrigation has no present
 

plan to institute such a charge, claiming that such a procedure
 

violates traditional practices. There has been some recent
 

discussion regarding subsidies, including user charges; however,
 

in the immediate period, there is no chance they will be institu

ted. This issue will have to be dealt with as a longer term and
 

more broadly based matter. It should be noted that farmers con

tribute heavily to national revenues through the administrated
 

prices for key agricultural products, which are considerably lower
 

than international or true economic prices. For example, the
 

controlled farm gate price of sugar cane averages LE 7 while the
 

international price, assuming a transformation ratio of 13 tons
 

of cane to 1 ton of refined sugar, is LE 9.20. For cotton, the
 

price difference is even higher, with LE 140/MT paid to the farmer
 

and an international price of LE 722.70/MT. For these reasons,
 

we recommend against requiring the Ministry of Irrigation to impose
 

any user charges as a condition of financing this project.
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D. Debt Servicing Capability
 

Egypt's external debt amounted to about $12 billion at the end

5.05 


of 1976. Of this, roughly one-third was to Eastern European
 

countries and primarily for past military equipment imports;
 

the $8 	billion balance includes almost $2 billion in deposit
 

liabilities of the Egyptian Central Bank to the various Arab
 

OPEC countries.
 

about $950 million in principal payments
5.06 	 It is estimated that 


on medium and long-term debt were made in 1976. An amount
 

estimated at $1.4 billion was owed on short-term bank credit
 

Egypt received a loan
facilities at the end of 1976. In 	1977 

being used substantially
of $1.5 billion from GODE which is 	 to 


reduced its current short-term debt problem.
 

5.07 	 Debt service requirements in the future depend heavily on the
 

extent to which new short-term debt can be avoided. Over the
 

near term, we expect the debt service ratio (including short
 

term debt) to move between 25 and 30 percent of export and ser

vice earnings.
 

In view of Egypt's heavy debt burden, A.I.D.'s normal concessional
5.07 

loan terms are proposed -- 40 years, including a 10 year grace
 

period, with an interest rate of 2 percent per year during the
 

grace period and 3 percent per year thereafter. With these terms,
 

particularly the 10 year grace period, repayment prospects for
 

this $11 million loan appear reasonable.
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V1. ECONOMIC ANALYSIS
 

A. east Cost of O)Nl.eL_ vs. Electric Motors 

The method ol evaluat Ion used to .elect the optimum prime 

Ior pumpin gut it compare1ov, f the ions was to economi c costsa 

(t' the two options: diesel and electric. For this compari

son, a cost analysin of each alternative was calculated for 

a single site: Site 22 at Sawada Gabel El Teir. this site 

was selected because it lies within the intermediate range of
 

peak discharge requirements (6.05m 3 /sec) and shows a typical
 

distribution of crops within the project areas. The total
 

dynamic head at the site is approximately 7.11 meters and the
 

Consultant has selected 3 pumps of equal size (2.02m 3 /sec) 
to
 

meet the total peak discharge requirement.
 

The cost comparison analysis shows electric power is cheaper to
 

operate and maintain. Discounted at 15%, th" net present value
 

of the electric option is LE 306,362 and of ie diesel option,
 

LE 345,640. The discounted cost comparison 4- shown in Annex K.
 

Initial investment costs are slightly higher for the clectri

option; however, lower maintenance costs of electric puiop motors
 

demonstrate the desirability of electric prime movers over
 

diesel.
 

In addition, diesel engines operating in Egypt muSL be replaced 

after 15 years. Electric motors, on the other hand, have a 

useful life of up to 30 years. This long economic life of elec

tric motors in Egypt is attributed to the highly developed motor
 

rewinding skills of Egyptian electricians working in the Mechan
ical and Electrical Department, the low price paid for this
 

skilled labor, and the local capacity to manufacture most spare
 

parts for electrical equipment. Also, recently purchased modern
 

electric motors and pumps for oLher sites, outside of the study
 

area, have developed local maintenance capabilities, whereas 

similar capabilitLies for maintaining modern diesel-engines are
 

not developed. Egyptian contractors have gained experience
 
installing modern electrical pumping equipment in many areas 

of the Nile Delta, while there is no similar experience in in
stalling modern diesel-driven pumps. For all of these reasons, 
electrically driven pumps should be installed in preference to
 

diesel-powered pumps.
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B. Cost-Benefit Evaluation
 

6.04 	 The economic rate of return on this project is favorable at
 

nearly 30%. Sensitivity analyses are also favorable as
 

shown below:
 

Assumption 	 Return Obtained
 

Estimated Basic Costs: Benefit Flows 29.7%
 

Benefits Decrease 20% 22.8%
 

Costs Increase 20% 24.1%
 

Costs Increase 20%, Benefits Decrease 20% 17.7%
 

1. Economic Costs
 

6.05 	 Economic costs include capitl, installation, operations and
 
maintenance, and annual replacement costs; import duties are
 
excluded. A summary is given below.
 

Capital CosthA 


Installation 


OM 


Project Cost Summary
 

$US 

10,382,685 


Replacement (Annual) 


TOTAL 


2. Economic Benefits
 

Total LE 
LE (Rounded) 

3,300,764 10,870,000 

281,000 

51,433,000 51,433,000 

369,000 14,760,000 

77,353,000 

6.06 	 Quantification of benefits from investmert in a single compo
nent of an irrigated agricultural system is tricky and requires 
considerable care if overstatement of the investment impact is 
to be avoided. Ali attempt has been made to Isolate the impact 
of one variable, water supply, from the combined impact on 
agricultural production of all other input variables (land, 
labor, seeds, fertilizers, etc.) so an to evaluate only those 
benefits directly related to water supply in comparison with 

This f igure is from the original cost et imate which has been 
increased. Thin change will have a small effect on tile eco
nomic analysni and is adequately covered by tle sensitivity 
analysis.
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the costs of supplying water.
 

Experimental data provided by the Ministry of Irrigation 

shows a very high correlation between water supply and 

agricultural yield in Egypt, due to the virtual lack of 

rainfall and high solar intensity that c4uses extensive 

water evaporation from soils and transpiration from growing 

plants. Crop distribution patterns also influence the high
 

correlation between water supply and yield. Major crops
 

grown in Egypt such as sugar cane, cotton, clover and
 

vegetables have the highest water requirements of any crops.
 

When all of the effects of climate and types of crops are
 

taken into consideration, the water factor may be considered
 

the most important production factor, in conjunction with
 

land, seeds and labor.
 

This observation is supported by actual production data from
 
some of the project sites. For example, in Minia and Beni
 

Suef Governorates, sites without existing pumping stations
 

have a cropping ratio of only 1.0 compared to the Governorates
 
average of 1.8. At these sites, farmers supply their own
 
water from the Nile or secondary canals by traditional means
 
and, because of insufficient water, grow only one crop per
 
year. In contrast, three or four crops per year are grown on
 
mechanically-irrigated land under the same climate and soil
 
conditions. At other sites, where pumping stations now exist,
 
cropping ratios are higher than at the non-mechanically-supplied
 
sites, but yields were lower than the averages for the entire
 
G;overnorate. At such sites, where application of other agri
cultural inputs were consistent with Governorate averages, lower
 
crop yields are attributed to the inadequacy of water from the
 
existing pumping stations.
 

Two methods were used to quantify water supply benefits: 
(1) In the case of existing stations, benefits were derived 
by a tested mathematical formula defining the correlation 
between water supply and crop yield. Assuming all other 
agricultural inputs are supplied in constant amounts, the 
water deficiency accounts for the present low yields. Calcu
lations of optimum yields, with adequate water supply, were 
made using parameters based on Ministry of Irrigation data 
from some 150 multLi-year experiments. The difference between 
optimum and present yield was calculated and multiplied by 
farm gate prices or international prices (for export crops) to 
find monetary value of yearly benefits that would accrue to the 
national economy if the project were implemented. 
(2) In the case of site; without existing statlono, benefits 
were assiiumed to be the value of the marginal increase in pro
duction to be obtained by installing pumps. Grout; marginal 
benefits were obtained by subtracting current yteldn at each 
site from average district yields and multiplying this difference 
by farm gate or International prices. From these gross marginal 
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benefits were subtracted the additional on-farm costs of suppor
ting the additional crops to be grown on the same plots of land.
 

The result is net marginal benefits attributable to the project.
 

6.10 	 Total annual benefits amount to LE 6,515,000 ($9,121,000) per
 
year. Over the project's 40-year life span, benefits total
 
LE 246,417,000 (including LE 790,000 scrap value of equipment)
 
compared to total costs of LE 77,353,000. A discounted cash
 
flow is attached as Annex L.
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VIT. SOCIAL ANALYSIS
 

A. 111 oe Ef I ie t on Rurd I 'oor 

The average ot Lhv 39,000 frm families in the Upper and 
Middle Egypt project area does not have much land or much 
income. Average farm size is 3.4 feddans but 75% of farm 
holderr till less than 3 feddans and 40% till less than 1 
feddan. Of total farm land, about 34% is owner-operated and
 
average size is 3.1 feddans; 38% are renter-operated and
 
average size is 1.7 feddans; the remaining 28% are mixed
 
(owner and renter-operated) and average size Is 5.4 feddans. 
With relatively small land holdings, only relatively low 
annual incomes can be expected. 

As a result of this project, farm family income may Jump 
25% for owners and 55% for ranters. Present annual net farm 
incomes in this area, after deduction for taxes and charges, 
is estimated at about LE 291 ($407) for owner,; and LE 131 
($185) for renters, by a receat World Bank Report. Project 
benefits accruing to each family will be approximately LE 73 
($102) from the ettimated value of increased production, at 
farm gate prices. This increase will raise ownert;' annual net 
incomes by 25% to LE 364 ($510) and renteris annual net incomes 
by 55% to LE 205 ($287). Without thin project , farm family 
incomes -an be expected to decline progressively as existing 
pump stations become more inefficient. 

It. Role of Women 

This project it iot designed to subtantlally alter the tiocial 
role of women in rural Egypt. Nevertheletis, some changes can 
be expected in project areas where new pumping st it iont. are 
to be added, a.. it rcsult of increased agricultural1 productivity 
resulting in i higher standard ot living. Such benefitti will 
include Improved health, more and bet ter lood, and improved 
nutrition, which will become available to all people in the 
project area including women. 
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VIII. ENVIRONMENTAL ANALtiIS
 

A. Project Dece riptIon 

8.0] 	 This project cOlilsIst of the inlstallit ion of electric motor
driven pumps tt 34 locatonti to lift Nile River wutet for 

irrigation use. New pumping stationti will be built tt 33 
locations, together with Aiccets roads ai needed. Project 
coverage represents about three percent of the primary 
pumping stations in Egypt. 

B. Land Uue 

8.02 	 The pump -itation-i included in this project serve about 128,000 
fedtdans (133,000 acrei) spread throughout Upper and Middle 
Egypt, ranging about OU linear miles 3 lonF the Nile River from 
29' latitude at Bli S;uet to 229 litlitud" at A,,wttn. All )1 the 
34 agricultural sitv.-; served by t he projett or Cuirrtett ly under 
Irr igated cultivationt htit a 111 atit'e tef i lent tit i rrIg.t loti 
water. The proj ect , there lort. * t. I tirt It t I I 1' 1) Clitl.i.;te I:. 
current land ut,:-; it I,-,making iiva ilatble .a:tle ett i " ,ta . 1 .. .,ll 

wirter to opt Imize igr icul tural out putti . I 'll it il Ignt I'l o! I a 1,1 
doei not preempt Ltti luture utt ,et, alt erIt1at, p u rpt: e 

8.03 	 At 13 of t h !:It t. , now pur;p -i .ttlon. w,11 tit-'ot t., , to
gvt her wit ac c road! whitle't" tt.ed v.I a .at .I.' 
new elect rc c Id ', tr I b itf 1oti I II : W I l1 b v vIv C t, i. k t .ItI [ng 
1)1 taCht ntatit'll 1wi 11 be detuirtlliei by dut.1ettIe d ,1ti * r. (tt w 
ultnlerway) . 1.1 1f i t . will e riad," t t1 . : " the It-fir t It Ite 

I 	 ::, ,id e . teCi . 

qu I r d 	 itCC tist t i t Id to t.tt i.1 t toit i .:VlIt % C ' :1 .1tI I t h 
cu r rant I i ko,ld :.itl' I a c C . W I t,,: ap t t, n 4tilt s !. 	. - b- ' Cr 

ittnd c 1etitr I if . r t()8it :Jit t,I ti t It it td t. t . W.I1I 1 I,,-. I . 

1cn1it 	 oi1. Wa lr r,p It I I. i111nt wt be.V W Vd , 1tII. 1 l2l .41*4 1:1 t 

CL n 'I oI oil r. it I itC I A owe11 I , I 1 i , t I I n I.r . . :.I 1 ! 1 i,.. 


I 	 ti1.t8a , I c)t t ) ou:.v t 1 t " v.~tI isI I el ti! . tev.tteI.I .r i,' 

.li) I t-l ttlt by i, - I tit, I 	 Vt:wi,,( ae et plil-t, I i : 

Nta i row I t o t tI d o i t." r 1 r , It ,1 ,;-e ,,. ii 

. til11 ttrtt It.o is lpe lI l1 tt k : h Ip1 itW hut l at C. Iti4,s ost,) li I I I ( (1 t4 !t 11,pn tu~eIii. !~ p1 p:::;r.i14.1 
to11 ttC1, tc t , 1tpV I ist I() Iti t t It ,f l i , 1 14A, ui
Nat: tilt I gi ou1411 	 ',a oir 1 1 1 44 o.4-C1 W I t.~ f1 i t o a- ,a :~ r a *tit.:, fi41 

1iti*Y' t i 	t ttil t t t-l tat e% I, I , in I 1rd1 I v ,-1it r i t,a I , e*1t a itil 1 c riW tiirs' ne t t 1 vi411 C is izi4 1'- 1, 11Il. a i! 	 4IsI ()t 1 Iitt) itIll the .tilt r II 11 W1 i cipe il a 1 1ft- J'avit l , Vill tc 1 f 
v 111ed WhVreV ig-, ,rnloa y . 

0l. 0}5 i ss t I a , 	 Ih 7 1 a*l a t t'T 1 V I l M t I I ,,4 k. t *i ti t Il t . it i I : ' | t Ia n ,| 
totit I. '1 t istn thIs lt l , C'q -1 1:. 1it.11 ) 6l 1s e",4 t 1 $1 t3 t 
t14 1l IIt 	 y . I Iht (rItatis;% I L ith r, I ,,t: Il C, t 1* 1 "c

is t It at t4I440 I 1. 
able for p, r itnisal lrt .at Itit . A hlte I h I iII it sri qat4 1 

ri t : tol hti - Ig.ht a .a aterLt Wan! C , ea'S!lr -iit 

o 	 a4p stJ 
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to improving drainage conditions by the GOE. The Egyptian
 
Public Authority for Drainage Projects (of the Ministry of
 
Irrigation) has launched with IBRD financing two field
 
drainage projects, using concrete tile pipe, covering
 
950,000 feddpqs in the Nile Delta and 360,000 feddans in Upper
 
Egypt. In addition, the EPADP is pretiently initiating a second 
drainage projecct, jointly fvntded by IBRD and AID (Loan No. 
263-K-034) involving the installation of PVC perforated under
drain pipe in 500,000 feddans (520,000 acres) of agricultural 
land in Upper and ,Middle Egypt, ai well as the construe tion or 
remodellinK of related main and branch drains. All hut five 
of the agricultural sites 4-erved by the new pump stations are 
located in areas, In which dra inage will be improved. As the 
EPADP is planning to extend the coverage In Upper and Middle 
Egypt by follow-on PVC pipe drainage projects, ultimately all 
of the irrigated land; will be served by irproved drainage 
systems. The insitallation of field dcains is expected to raise 
present crop yield.; per feddan by 12 to 25 percent. 

C. Water Qual i y 

Nile River water, being low in sallne and alkaline concentrations, 
is ideally tiulted for irrigation of tile crops, actually produced 
In Egypt. Water fIrom A:;wan to Cairo rates low in sal nit y 
hazard for mo.,.t of tile year and ist rated ill medium ha!ari l ., ing 
occas i1onal p riod.t Inl fall and winter. In thli regard, Nile 
River water quitality it, tit tror to that ol t t h r rivers in tihe 
region, tu ch ais tile TIgr t Is tndEuplhrittes I verti il I raIq, tilt 
Kartin and Dez 1(ivert. I t I rin, and tht Indu, Hi v r In I'akititan. 
Nile R iver water itii o iott, ti low in alkalinity hlazard, llowtver, 

at; notej.d aboves " t ie ti o 1n 1 11 Egypt have titldergotle .ill iltt y 
bill Id p it t liev a :ih et n c v I a r .g iir t c hithi it m. iitt t, itt11 1. p 
p. r iTm in d itnttv Ie'1vw ' ot v . tii r )t r I n g, th 1 1- I m v1 pterI l I e, it L , 

watevr tabit , t, I t,e .'yr av.i t. d t its wit t' l I o p roo 1]v: ;, V hi d 
drainage wiI1 1 O ttt't t l tv. COtldI It l llo,. 

I to1 Ita lie v 1 i ilit o t id t 4. 11 t ,t I411 t ,1v y i. t t)t w. t . I 1 t cIV itiCI 
thie itmt ber (a! t op 1' g l)' r y tt , ,t l)t:,a*, tlel d by thet It['
c reit t d utr, o I I - t I 1 . 1tl p(1 t it1 w.g 11 . ill ,t, W. It I I I 'tlt 

Ing to t li , N I Iv w ill ',-l ly ttoctc r f !iS t I , . . t, t ll t' eat ilt lit I t-c4 tit . 
allioutit .. 1)U te) I I. s I *4." o I hit 1 Ie1 (d es .t iallattit I I 1 )W .1t 

A tiwan ol 114 li1 1 1 1 llt t tl Il t t I l ) * It(n , tlla I tlj, 1c I' ltti t. I t I I vie I 
wit t v r q isat i t y w I 1I Ii tit t , t:l t hi pp t 4 . 

Five oi the rv Is t Ita1g1,.. 1 1 isWr14ligt ll rt,at I o t. I so ltiJ-,l lii ttilt 
pr J vcCt Iltvr Al, 0., ',. I c g itt p 1 1t:rt ::1! el' I ti), 0 he at'. 1 tlet wiP 
eI V i l ttt )r - 4td r Iv 4t i so1 Ilhitisi s r. int Ilit V. t l i e 
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8.09 


8.10 


8.11 


8.12 

8.13 


8.14 


8.15 


- 22 -


D. Atmospheric
 

Construction activities at each of the 33 sites where new
 
pump platforms and access roads are to be built will cause
 
tmporary and minor air pollution in form of dust. If near
 
residences, shops, etc., dust abatement by water sprinkling
 
will be practised.
 

Noise levels at construction sites will rise but be tolerable
 
and temporary. Noise levels in vicinity of existing diesel
driven pump stations will be reduced as these units are even
tually phased out of service. No excessive noise levels will
 
be caused by the electric-driven pumping units to be installed.
 

E. Natural Resources
 

Nile River water resources used in agricultural irrigation are
 
perpetually restored by the natural hydrological cycle of evap
oration and precipitation. The magnitude of Nile River flow as
 
regulated by the High Dam at Aswan permits concurrent use of this
 
resource for irrigation and the maintenance of river stages for
 
navigation purposes from Aswan to the Mediterranean Sea.
 

Those nutrients removed from the soil by intensive! cultivation
 
require rcplacement through application of suitable natural or
 
chemical fertilizers if crop yields are to be increased or main
tained at present levels.
 

F. Cultural
 

This project introduces no elements detrimental to the cultural
 
heritage of the Egyptian people. Careful site selection will
 
preclude damage to or destruction of any existing archeological
 
or historical site, building or antifacts.
 

G. Socio-Economic 

Soclo-economic impacts are assessed in Chapter VII, Social
 
Analysis. 

H!. iea1 th 

iliharzia, or tchiatonomianil, is the most important endemic 
disease in Egypt. Existing sitnce the time of the Pharoohn, It 
contInueCI to affect an extremely large portion of the population.
The highesot prevalence rates ieported are 53.5 percent in the 
5-14 year agc group aind 48.5 percent In the 15-20 year age 
group. :;chool children and tarm workern are highly susceptible 
becauUC of their more frequent contact with water. 
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The type of irrigation (basin vs. perennial) has an important 
learing on tie rate of infection. Data from the Minittry o' 
lealth indicates that for Asyut, Sohag and Qena (overnorates, 
the overall prevalence rate for areas with perennial irrigation 
was b3.9 percent, whereas it was only 16.2 percent in the basin
irrigated areas. Commissioning of the High Dam at Aswan has led
 
to a shift from basin to perennial irrigation throughout Egypt.
 
It is recognized that, to the extent that this project encourages
 
perennial irrigation, it correspondingly increases the hazard of
 
bilharzia infection. 

An integrated snail control program, coupled with chemotherapy 
for infected people, has been launched by the GOE covering over 
a billion feddans in Upper Egypt. It is expected that this pro
gram will continue to expand and even'-ually cover all agricul
tural lands in Egypt. The most effec-ive control measure is 
elimination of the vector snail by use of molluscicides. Exper
iments in El Fayoum, using the molluscicide Bayluscide for 
Spring, Bummer and Autumn application yearly in the Bahr Youssef 
Canal, dropped th.. overall prevalence rate from 45.7 percent 
in 1968, to 23.3 percent in 1971, and to 9.1 percent in 1974. * 

Although Bayluscide may kill some fish in the water when first
 
applied, the effect is tempcrary and the fish population should
 
restore itself. The fish can be eaten by humans without harmf'il
 
efiects. Bayluscide is biodegradable, and when compared to
 
other molluscicide such as copper sulfate and sodium pentachlor
ophenate, it creates a minimum alteration to the ecological
 
balance (microflora and microfauna) of a fresh water habitat.
 

Although this project does not include physical alteration of
 
the delivery/feeder/lateral canal distribution system, if such
 
alteration takes place because of this project, engineering
 
measures for the control of bilharzia will be considered. Such
 
measures include maintenance of water velocities in canals, canal
 
cleaning and lining, control of vegitation, etc., all of which
 
are designed to create a water environment unfavorable to snail
 
vectors.
 

* It is recognized that these experiments were performed under 

controlled conditions not replicable throughout rural Egypt. 
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IX. PROJECT IMPLEMENTATION 

I. Ministry of Irrigation
 

The Ministry of Irrigation is the agency of the Egyptian
 
Government which will implement this project. 
 This Ministry

is responsible for all matters relating to 
Egypt's irrigation
 
systews. An organization chart for this Ministry is attached
 
as Annex M.
 

Renovation of the pump stations included in this project is under
 
the jurisdiction of the Mechanical and Electrical Department

of the Ministry of Irrigation. The Department is organized by

administrative levels corresponding to the geographic regions of
 
the country. The central level is primarily concerned with pol
icy formulation, interregional coordination and financial support

of field operations. The lower levels--directorate, inspectorate

and district--have virtually autonomous authority for 
the instal
lation,operation, and maintenance of 
the pumping stations. The
 
key echelon in the vertical management structure is the District,
 
supervised by a Chief 
Engineer and assisted by a highly special
ized staff for operations, mechanical and electrical engineering

and administrative support. The charts presented in Annex N
 
show the organization of the geographic regional officer and the
 
work flow of the entire vertical organization, respectively.
 

2. Other Agencies
 

To carry out this project, the Ministry will require assistance
 
from the Rural Electrification Authority (REA)(in preparing

detailed site studies and in 
installing 11 KV distribution lines
 
to the sites) and from the Ministry of Transport's Roads and
 
Waterways Authority (in providing access roads to the sites).

The Ministry of Irrigation traditionally works with these 
two
 
Authorities in preparing pumping station sites, 
and no unusual
 
problems 
are expected to develop in the course of implementing

this project. As one of the conditions prededent to this loan, 
we are requiring, prior to the dinburnement of fundn for pumpts
and other equipment, t'it the Ministry of Irrigation provide
evidence that satisfac.ory arrangements have beeu made with REA 
for the installation of distribution lines and with the Ministry 
of Transport for provision of suitable access roads. 

B. Implementation Plan 

I. Detailed Site Studies
 

Under its contract (No. AID/Afr-C-1132) for study of thisj project,
the contractor, Louis Berger International, Inc., prepared re
lated equipment specifications to the extent possible without the 
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accomplishment of the final design for the specific pumping
 
station sites. Prior to finalizing specifications for pumps
 
and 	motors, a detailed physical survey of each of the sites
 
will be conducted to determine optimum location of the pump
ing stations, verify cropping patterns and water discharge
 
requirements, and prepare final designs of station platforms,
 
access roads and utility connections. The Ministry has signed 
a contract, utilizing its own funding souxces, with the firm 
of Louis Berger International, Inc., for engineering services 
which include these required detailed site surveys. This task 
is scheduled for completion in early 1978. 

2. 	Consultant Services
 

9.05 	 The Ministry will contract for additional consulting engineering
 
services to be funded under this project. Services will include
 
assistance to the Ministry in preparation of final equipment
 
specifications and IFB, evaluation of awards, contract execution,
 
monitoring of procurement, supervision of site preparation, and
 
installation and testing of pumping unit. The consultant will
 
also assist in improving warehousing procedures relative to
 
equipment spare parts.
 

9.06 	 The Ministry of Irrigation has indicated its desire to utilize 
the firm of Louis Berger International for the above engineering 
services. The firm worked very closely with the Ministry in 
preparing the initial study of this project (and the Canal 
Maintenance Project) under Contract No. AID/Afr-C-1132 (Egypt) 
and is now engaged in a more detailed study of the sites under 
a contract directly funded by the Ministry. In accordance with 
tht provisions of Section 1132K of AID Handbook 11, Country 
Contracting, AID will review the Ministry's desire to select Louit 
hergvr Internationiul for these services. 

3. 	Procurement
 

9.07 	 The Ministry will procure all equipment from U.S. suppliers 
utilizing All) approved IFBs and Handbook 11 procedures. All 
pumps and motors will be procured under one IFB; however, 
equipment deliveries (and Installation) will be sequenced to 
reflect pump station priorities. The stations have been divided 
into three priority groups an follows: 

a. 	 Group 1: Includes 11 of the sites serving tht. larg.st and 
most water defticulnt agricultural area". Altso Includded in 
thin p)rocurement packagte will be all siop and transport 
equipment.
 

b. 	 Group 2: inc ludes 12 remaining stations of Intermediate size 
(uarving 1,000-2,0O0 feddanb). 
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C. 	 Croup 3: includes 11 of the smallest atations (250-1,000 
foddans). both existing and planned. 

Pump stations included in each of these groups are shown in 
Annex P. 

4. 	 Site Preparation
 

9.08 	 This activity consists of platform construction and installation,
 
electrical hookup, access road construction (300 meters per site
 
of graded earth surface), and installation of discharge pipes.
 
For each group of pumps, eight months have been allowed for site
 
preparation. SitL preparation will be done by the mechanical
 
and Electrical Department with assistance from the Roads and
 
Waterways Authority of the Ministry of Transport and the Rural
 
Electrification Authority.
 

5. Testing and installation of Pumps and Motors
 

9.09 	 Eight months have been allocated for the testing and installa
tion of pumps and motors for each of the three priority gropps.
 
Proper 	advance planning is required prior to delivery of the
 
new 	pumping equipment. The Mechanical and Electrical Department
 
will 	test equipment upon arrival at port and be responsible for
 
its 	delivery to site, installation and testing.
 

C. 	 Implementation Schedule 

9.10 	 The implementation schedule is shown in bar chart form in Annex
 
0. 	 Key dates will be as follows:
 

Loan Authorization Sept 1977
 

Loan Cps Met Jan 1978
 

Site Studies Complete Feb 1978
 

Consultant Start Services Mar 1978
 

Equipment Contract Awarded Aug 1978
 

Group 1 Installationn Complete Sept 1979 

Group 2 Inutallationi Complete June 1980 

Group 3 InntallationN, Complete Jan 1981 

D. 	 Monitoriny 

9.11 	 USAID/Calro will monitor thin project by maintaining cloe liaison 
with the Ministry of Irrigation, Its Mechanical and Electrical 
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Department, its consulting engineer, and by frequent field
 
.rips to pump station sites. Monthly reporting will be required
 
from the Ministry, covering project activities, progress and
 
problems.
 

E. Terminal Dates
 

The terminal date for meeting conditions precedent will be 120
 
days after the date of signing of the loan agreement.
 

The terminal date for requesting the opening of letters of
 
commitment will be January 31, 1980. The terminal date for
 
disbursements will be July 31, 1981.
 

F. Evaluation
 

The GOE is undertaking a wide range of projects in irrigation
 
drainage and general water management for agricultural lands.
 
Initial indications support the thesis that water supply is not
 
the single major constraint but it is an important one to in
creased production and that the lack of proper water management
 
is also a major problem. The GOE/USAID Project 263-0017 Water
 
Use and Management will address the problem of proper water
 
management, Major projects for improved field drainage in the
 
Nile Deltl and Upper Egypt are underway and others are being
 
planned. The Irrigation Pumps Project 263-0044 is a discrete
 
activity which will renovate and expand the existing irrigation
 
system in Egypt. Av such, it assumes that whatever problems are
 
identified concerning water management in Egypt, there still
 
remains a need to get increased amounts of water on the land,
 
and in doing so, if other cropping improvement practices are
 
undertaken, an increase in production will result.
 

The evaluation of this project will be undertaken one yeai after
 
the installation of the third group of pumps. The Ministry
 
routinely collects data on sites serviced by their pumping
 
stations. At that time, the third group will have one year of
 
production data, the second group will have 19 months of data,
 
and the first group will have had 29 months; of data on production
 
changes resulting from increased pumping capacity. A team com
posed of Ministry of Irrigation officials and the USAID/Cairo
 
Mission economist, food and agriculture officer, agriculture
 
engineer and the Mission evaluation officer will analyze the
 
production data which has been collected by the Ministry of
 
Irrigation. Based on this analysis, an assessment will be made
 
of the agricultural impact of the pumping station improvements.
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X. RECOMMENDATION. CONDITIONS AND COVENANTS
 

A. Recommendation
 

10.01 	 Subject to the conditions and covenants listed below, we
 
recommend that A.I.D. authorize a loan to the Government of
 
Egypt in the amount of $11.0 million for procurement of
 
equipment and services for installation of irrigation
 
pumps at 34 irrigation sites in Middle and Upper Egypt.
 
We further recommend thatthe loan terms to the GOE be that
 
the loan principal be repaid in 40 years, including a ten
year grace period, with interest at two percent (2%) per
 
annum during the grace period and at 3 percent (3%) there
after. Procurement of equipment and services shall be of
 
United States source and origin.
 

B. Conditions Precedent to Disbursement
 

10.02 	 Prior to the first disbursement or to the issuance of the
 
first Letter of Commitment under the loan, the GOE shall
 
furnish to A.I.D. in form and substance satisfactory to A.I.D.:
 

a. An 	opinion of the Egyptian Ministry of Justice or other
 
legal counsel to A.I.D. that the loan agreement and the
 
corresponding reloan agreement have been duly authorized and
 
ratified by, and executed on behalf of, the GOE and is a
 
valid and legally binding obligation in accordance with its
 
terms.
 

b. The names of the persons who will act as the representatives
 
of the GOE and the Ministry of Irrigation, together with
 
evidence of their authority and the specimen signature of each.
 

c. Prior to the disbursement of any funds for pumping, shop
 
or transport equipment, the Ministry of Irrigation shall have:
 

(1) executed a contract approved by All) with a U.S.
 
consulting engineering firm acceptable to AID for project
 
related services;and
 

(2) provided evidence of satisfactory arrangements with
 
the Rural Electric Authority for installation of distribution
 
lines and with the Ministry of Transportation for provision of
 
nocess roads to the project sites.
 

C. Covenants
 

10.03 	 The GOE and the Ministry of Irrigation will be required to
 
covenant:
 

a. Execution of the Project
 

(i) To carry out the project with due diligence and
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efficiency, and in conformity with sound engineering,
 
construction, financial and administrative practices.
 

(ii) 	 To cause the project to be carried out in conformance
 
with all the plans, specifications, contracts, schedules,
 
and other arrangements, and with all modifications
 
therein approved by A.I.D. pursuant to this agreement.
 

(iii) 	 To submit for A.l.D. approval prior to implementation,
 
issuance, or execution, all plans, specifications, con
struction schedules, bid documents, documents concerning
 
soliciation of proposals relating to eligible items,
 
contracts, and all modifications to these documents.
 

b. Funds and Other Resources to be Provided
 

(i) 	To make available on a timely basis any Egyptian
 
currency and any foreign currency in addition to the
 
loan, for the punctual and effective carrying out of
 
construction, maintenance, repair and operation of the
 
project.
 

c. Operation and Maintenance
 

(i) To operate, maintain and repair the project in conform
ity with sound engineering, financial and administrative
 
practices and'in such manner as to insure the continuing
 
and successful achievement of the purposes of the pro
jec t. 

d. Management
 

(i) 	 To provide qualified and experienced management for the
 
project and to train such staff as may be appropriate
 
for the maintenance and operation of the project.
 

e. Continuing Consultation
 

(i) To cooperate fully with A.I.D. to assure that the pur
pose of the loan will be accomplished. To this end,
 
the GOE, the Ministry of Irrigation and A.I.D. shall
 
from time to time, at the request of any party, exchange
 
views through their representatives with regard to the 
progress of the project, the performance of the GOE and 
the Ministry of Irrigation of its obligations under the 
loan agreement, the performance of consultants, con
tractors and suppliers engaged on the project, and 
other matters relating to the project. 



ANNEX- A
 

MINISTRY OF ECONOMY 
AND ECONOMIC COOPERATION 

Mr. Donald S. Brown
 
AID Director
 
U.S.A. Embassy
 
Cairo.
 

Cairo, -Sept. 19V7. 

Dear Mr.. Brown, 

One of the problems Egypt is facing is the dec

lining water flow in the irrigation canals caused by canal
 

silting and weed growth. If the 26,000 miles of canals and
 

drains are not continually maintained this will cause a
 

serious decline in food production.
 

Our governr2nt has, therefore, established irr

igation canal maintenance as one of its priorities and is
 

replacing and rehobilitating dredging, earth moving and
 

similar equipment.
 

This requires substantial foreign exchange expen

ditures. An AID-funded study, "Agricultural Canal laintenance
 

Study", completed in June of this year, recommended Uhe purc

hase of approximately $29 million worth of equipment and related
 

services. 

In order to implement this Agricultural Canal 

Maintenance Projoct we request a loan for 4i26 million from 

the Agency for Intornational Development to finunco the foroign 
oxchangeo costsof the project. Other fun(io will be obtained 

from other sourcen to finance the remaining foreign oxchango 

expendituros. 

The Government of the Arab Republic of Egypt will 
supply the o.timittod LE 3.1 million roquired to mot the local 

aOot exponditurou of this project. 

Sincerely yours,
 

GAMAL EL-I1AZER 
Deputy Chn in man 

For Invotitmont Authority
In Charge of Roonomia Cooperation 



ANNEX B
 

LOAN AUTHORIZATION
 

EGYPT: IRRIGATION PUMPS
 

Provided from: 	 FAA Section 532 ("Security
 
Supporting Assistance Funds")
 

Pursuant to the authority vested in the Administrator,
 
Agency for International Development ("A.I.D.") by the
 
Foreign Assistance Act of 1961, as amended, ("the Act") and
 
the delegations of authority issued thereunder, I hereby
 
authorize the establishment of a loan ("the Loan") pursuant
 
to Part 2, Chapter 4, Section 532, Security Supporting
 
Assistance, of saie, Act to the Arab Republic of Egypt
 
("Borrower") of not to exceed Eleven Million Dollars
 
($11,000,000), such funds to be made available to the Ministry
 
of Irrigation ("the Ministry"), a Ministry of the Borrower, to 
assist in financing Che tozL%;,, eLhange costs of materials, 
equipment nnd services for the installation of irrigation 
pumps at 34 jites in Middle and Upper Egypt. 

1. Terms of Repayment and Interest Rate. The Borrower
 
shall repay the Loan to A.I.D. in United States
 
Dollars within forty (40) years from the date of the
 
first disbursement under the Loan, including a grace
 
period of not to exceed ten (10) years from said date.
 
The Borrower shall pay to A.I.D. interest in United
 
States Dollars at the rate of two percent (2%) per
 
annum during the grace period and three percent (3%)
 
thereafter on the outstanding balance of the Loan and
 
on any due an. unpaid interest.
 

2. 	 Source and Origin. Equipment, materials, and service
 
financed under the Loan shall have their source and or
igin in the United States.
 

3. 	 Conditions Precedent to Disbursement. Prior to the
 
first disbursement, or to the opening of a letter of
 
commitment under the Loan Agreement, the Borrower
 

shall furnish, in form and substance 
ratisfactory to A.I.D. 

(a) 	A legal opinion of the Egyptian Minister of Justice, 
or other legal counsel satintfactory to A.I.D., that 
the Loan Agreement hal 
been duly authorized or ratified by, and executed on 
behalf of the Arab Republic of Egypt, and that It 
constitute valid and legally binding obligation 



thu1'ool I1 nceordnlco with It, I01'Mi. 

(b) 	 The namee of the persons who will net as the 
representatives of the Borrower and the Ministry
 
for the Project, together with evidence of their
 
authority and specimen signatures of each.
 

(c) 	 Prior to the disbursement of any funds for pumping,
 
shop or transport equipment, the Ministry of
 
Irrigation shall have:
 

1. 	 Executed a contract approved by AID with a U.S.
 
consulting engineering firm acceptable to AID
 
for project related services; and
 

2. 	 Provided evidence of satisfactory arrangements
 
with the Rural Electrification Authority for
 

installation of distribution lines and with
 
the Ministry of Transportation for provision
 
of access roads to the project sites.
 

.	 The Loan will be subject to such other terms and 
conditions as A.I.D. shall deem appropriate. 

Administrator
 

Date
 



AYNEY C
 

VGYPT - IRRIGATION PUMPS PROTFCT 

CERTIFrCATION PURSUANT TO SECTION 611 (e) OF THE 

FOREIGN ASSISTANCE ACT OF 1961 AS AMENDED
 

I, Donald S. Brown, the Principal Officer of the Agency for 

International Development, Egypt, having taken into account,
 

among other things, the maintenance and utilization of pro~jects
 

in Fgpt previou,;]y financed by the United Statesi, (to hereby 

certify that in my judgnent Egypt has both the finantcial caijabliity 

and human reource:. caiability t~o effectively mai ntainr and utilize 

the capital a:nssitance to bte provided for irrigvntion pumpin" 

facilitien at thirty-four agricultural niten.
 

Director, !:2ATI/E.ypt 

4v44L_ 7/ 
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INVENTORY OF EXISTING PUMPS 

Year Country Rated 
of of Capacity1) Type Prime 

"o. Pump Station Mfr. Pump Make Origin Mover HP RPM Fuel 

1 Geziere% El Malkia 1954 Sulzer 2 x 1.35 Bohn Kholer Diesel 600 500 Diesel 

2 Blukhar 1966 Sulzer 1 x 2.00 Bohn Kholer Diesel 210 500 Diesel 
1 x 1.00 140 900 

3 Mukassifat El Atwani 1951 Andrinz 2 x 0.75 Bohn Kholer Diesel 150 600 Diesel 

3 4 E! Domaria 1954 Sulzer 2 x 1.35 Bohn Kholer Diesel 600 500 Diesel 

5 Sahel El Kilh Shark 1949 Shanzline 2 x 0.25 Skoda Diesel 67.5 750 Diesel 

5 Benban 1930 Borsing W. Germany 1 x 1.00 Siemens Electric 151 588 Elec. 
3 x 0.60 92 734 

5 Gezieret El 
Mansouria 1933 Borsing W. Germany 3 x 0.34 Siemens :1ect-,ic 61 980 Elec. 

8 :kl-it 1933 Ganz Hungary 2 x 0.60 Ganz Electric 135 2075 Elec. 
1 x 0.35 80 

7 Selwa Kibli 1933 Ganz Hungary 2 x 0.60 Ganz Electric 135 975 Elec. 
1 x 0.35 80 

Selwa Bahari 1933 Ganz Hungary 2 x 0.60 Ganz Electric 135 975 Elec. 
1 x 0.35 80 

71 Radissia 1931 Borsing 3 x 0.60 Siemens Electric 107 458 Elec. 
-- -- -- ------- 1931---rsi-g-1 172 354
-- x 1.00 




4' $4 
Vi 

No. No. Pump Station 

Year 
of 

Mfr. Pump Make 

Country 
of 

Origin 
Rated 1) 

Capacity Type 
Prime 
Mover HP RPM Fuel 

l0 16 El Ramadi 1931 Borsing W. Germany 2 x 0.60 
1 x 1.00 
3 x 2.00 

Siemens Elec. 107 
172 
336 

456 
354 
251 

Elec. 

(1 17 El Kelh 1931 Borsing W. Germany 3 x 2.00 
2 x 1.00 
1 x 0.60 

Siemens 
Siemens 

Elec. 336 
172 
108 

251 
354 
356 

Elec. 

It 18 E1 Bousillia 1931 Borsing W. Germany 3 x 1.00 

1 x 0.60 

Siemens Elec. 173 

108 

354 

456 

Elec. 

15 19 Gezieret El Higz 1931 Borsing W. Germany 3 x 0.35 Siemens Elec. 61 602 Elec 

%.20 El Sibaia Borsing 
Borsing 
Borsing 

W. Germany 
W. Germany 
W. Germany 

2 x 0.60 
2 x 1.00 
1 x 2.00 

Siemens Elec. 108 
133 
338 

456 
354 
251 

Elec 

|. 21 El ShcAkh Fadel 
& Sharowna 

1951 Sulzer Switzerland 1 x 3.80 
Sulzer Switzerland 2 x 1.35 
Reston England 2 x 0.50 
Bohn Kholer W. Germany 2 x 0.35 

Sulzer 
Bohn Kholer 
Sulzer 

Elec. 525 
600 

Diesel 156 
150 

330 
500 
230 
600 

Diesel 

22 Sawada Gabel El 
Tier 1965 Wander 2 x 0.50 

2 x 0.39 
Wander Diesel 150 440 

500 
Diesel 

1967 Magyar Hungary 2 x 0.75 Magyar Diesel 200 400 Diesel 

17 23 Derb 1955 M.A.N. W. Germany 4 x 7.50 Siemens Elec. 630 235 Elec. 

1) Rated capacity only; does not reflect current delivery capacity 

Source: Ministry of Irrigation, February 1977
 



PUMP DICHARGE AND STATIC LIFT REMEIEMENTS 

0STARC3 POW AftS S m An O AF rOUKIED 01IARE LEVEL IE MILE LIELFIEL IN N. STAlIC UIFT I N. 

sZ11ion *AWE PUV"E, 0 A DISCAM I 

AIC.AN soU FIW I 11.. icu'iStCI I uMEIES ABOVEK 
A LEVEL I CO1DITl01 KiN 

a 
w. N. MAX. 

3mn ,Sur 799 10v..0 100c 1..1 3o.6 Present 24.2 26.9 3.7 6.4 

-inel Sruor 

.,!ad& 791 500 500 0.56 30.70 24.6 27.3 3.4 6.1 

)1 

"e:.era:3es 7 8- 500 500 0.56 31.o 24.84 27.54 3.146 6.16 

ae-. -. : :. 755 1,250 1,250 1.39 31.30 .25.7 28.17 3.13 5.83 

" : : 7. H.". 763 1,050 1.050 1,37 32.20 25.95 2-.65 3.55 6.25 

Z.1 Faiel 747 12,2r0 6.750 8.00 37.15 29.28 31.90 5.25 7.87 

•. ± ,e.1 1. 694.5 8,.&€X 5,4w 6.05 4c.30 * 34a.1. 36.41 3.89 6.16 

e:t.r. SP±ie. 62.000 2,000 2.24 42.90 37.06 39.J., 3.1.6 5.84 I 

- 3cr--_ 641.75 4,000 .0004.18 44.4O 38.35 10.79 3.61 6.05 

(?)_ _ _ ___ _ _ _ _ _ _ _ _ ___ _ 



__ 

PUMP DISCHARGE AND STATIC UFT REQUIREMENTS
 

OISTANMC FCIN AlAS SEYIWM AREA OF NA REQUIRED D iCK&AE LEVEL TWE NILE LEVEL IN N. STATIC LIFT IN N. 
SiEl&JI DMAl PEDD,IS DE A

eIasacs' 
Oll 

O.. I 
SI$lAW" I NETERS ABOVE 

SEA LEVELN CONDITION M Ii mAIn. WAX. 

z~m-t L orsa 645 2,000 2,000 2.24, 43.7 Present 38.09 40.52 3.18 5.61 

Tmsi 668 2.000 2.3W0 2.24 42.1 3.26 38.61 3.49 5.84 

X~hla arejh-0k 

(77) 665.5 1.5 o 1.50 1.5 42.5 3.6i5 38.82 3.68 6.05 

:, , El a., 436.5 5>0 50 0.92 62.89 a 55.89 58.09 A.8o 7.00 

(25) __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ 

(20) 

-;cv. 

.53---5 '113.500 16.75c! 19.3 69.1 0 6.0 66.60 2.50 5.05 

:-oz . 3,5 50 500 0.87 69.45 w 6.5 66.45 3.00 5.00 
(36) 

ibal_ 141.5 5,795,7o £.o 82.8 .7755 78.95 3.85 7.30 

I mt 1,R ixs 139 2.050 1.150 1.66 82.5 75.65 78.95 3.50 6.83 

r 
I 



PUMP D!iSCA:E A.I) STAT!C LIFT REO.iREMENTS 

OSACI FROM 

suUAN NM 
__D"l___ 

A"RE SERVDo 

P0,iAug$ DUI 
I0A 

InjZ 

P!EI OD 

A 

c-.vv'. 

I gu es 
1 

II 

OsCm E 

I 90ETERS ASOVE 
LEVEL 

IKE WILE LEVEL 

bi 

IN N 

MAX. 

STATIC UP' IV I. 

ICONDITIONI1'*1 MAX. 

Am = :r. AE:8062sia 
(1E 

31_' 
"Ia El .

2- __ _ _ 
Pr sen 

1ci 
7 t -04 79 5- -10 

I,-_________.__8_. 
5.5.7707 5577 

7.7r 

I I 
U16 2OC1.0C 

I 
(2) 

£IKe ir. 112 li, 15 5.860 8.52 8..; 76.9C 79.85 .7.6 

4F17 

0 
- 775C. 

99 7.7okT7.70 81.00 .:. 

9.5 46026 
-T

5 0 C5 30 C 72 4 
Sucti 

e v 
Le. 7. 0 

IA AH iM *XASSUAT EL A1%ANd . 

L 



PUMP DICIARGE AND STATIC UFT REOUREMENI' 

OtSTAC PW AEAS SEiYR ALEA OF MAX. RVQUIIIED DISAME LEVEL TME EM.! LEVEL IN N. SIATIC LIP? IN W. 

slarfbm ME DEuvEv 0 A WSU.le 
ASU OAM IN FEDDANS L rEATM f"iU3MISE3.C I Iurlit AllRDwOTlA 

A LEVEL I € Mil MAX. KIN. MAE. 

Asm, .,av. 

(.ata) 2 99.50 
-(~~~2 

250 250 o. 6 94.00 Prwmt St? 
r 

.5. 2..553 

S 99.50 250 250 o.36 90.50 " 84. 
(ia) actl= Lev. 6.0 

Soutu. 2 99-50 250 250 0.36 90.50 8.k 
15)act Liev. 6. 6 

Sel,. Kibli 76.00 1.50 1.450 2.09 87.20 " 78.90 82.50 4.7o 8.30 

(9) 

m a.-- 86.00 2.050 2,050 2.95 86.50 78.60 81.90 4.60 7.85 

( 0)1 

(') 629
62.__________,1___ 

,7 ii3)6 
._______ 8.07.6 8.8______.61.1 .9886.98. 

na-a-u.s 53.00 1,125 1.125 1.62 89.15 * 80. 82.71 6. iA 8.71 

(7) 

Z.j50 ,.120 2,50 3.38 89.30 8r, .80 83.15 6.15 8.50 

(5) _______ ______ ____ ____ _ 



Ml PW 04 ANNEX 1-1m~pfI 

DBRIVATION or DYMANIC MILAD AND NOPJOlKUR PAIUIUMU 

1 2 2 6 7 3 1 10 11 12 1) 14 is 

35 14,314 1.14514 32.17 183.74 0.72 1.40 193.46 2.5 1.70 .60 27.06 150 15,000 15,000 

13 $1.043 JX16962 24.41 154.3 11.67 0.54 201.53 1.13 1.00 .34 27.01 300 13,000 54,000 

1 14,301 1x14501 23.36 136.31 10.10 0.426 196.99 0.84 0.70 .7 35.17 150 15,000 15.000 

33 31177 I 8877 20.01 160.12 9.6 1.35 169.50 2.34 1.40 .40 24.37 75 3,500 6,500 

3 I18377 In 8877 20.21 161.65 9.3 1.35 171S.S5 2.30 1.40 .60 24.55 100 10,000 10.000 

24 33.014 2x11017 1.13 153.03 10.34 0.31 163.39 1.32 1.00 .1 31. 11 100 13,000 24,000 

35 16547 2 5273 20.51 14.05 5.16 1.60 173.91 2.71 1.50 .63 25.3 100 10,000 30,000 

24 32034 2W11017 14.41 131.24 1.72 0.11 135.56 1.13 1.00 .16 13.50 75 11.500 3,.000 

5 33.131 2x14645 27.23 217.86 13.81 0.54 231.67 1.25 1.00 .14 3.13 300 17,S00 )5.000 

10 44.743 3I.5535 25.76 206.05 12.13 0.50 213.13 1.09 1.00 .34 231.15 SO Is,00 47,100 

3 26.156 32I307l 25.00 230.03 1.55 1.12 233.53 2.70 0.60 .50 32.30 150 13,500 27,000 

7 25,430 2x12140 231.55 223.16 3.5 1.10 237.11 2.61 0.40 .50 13.26 150 12.500 35,300 

33 357,000 3.115000 DYAHAMIC HEAD CALCULAtTIOH MADE BY U.S. K.ANUFACTUIR 35.00 1500 115.000 357,000 

6 13,510 2x.2750 27.19 223.11 9.1 0.46 32.2 1.07 1.30 .40 30.43 3UO 23,000 51,000 

11 41.347 3x30474 27.23 217.14 12.33 1.65 230.45 3.60 1.00 .35 32.33 350 J1,CO 43.000 

13 5,707 1. 5707 8.37 66.93 Cascade 0.11 64.93 0.44 0.60 .27 9.41 so 6.300 6,300 

14 5,707 I 5707 19.69 157.49 Cascade 0.65 157.45 1.02 0.60 .27 21.51 so 6,710 4,750 

15 5,707 1. 5707 1.5 153.0 Cascade 0.65 153.10 1.0) 0.40 .27 21.75 50 4,SO0 6.500 

3 31,070 2m15535 25.46 103.69 10.24 0.53 213.53A 1.15 1.00 .41 27.15 300 17,300 15,400 

2 22.935 2.11453 2913 3)4.66 9.31 0.17 243.94 2.04 1.10 .31 32,5 150 11.100 21,000 

17 135,059 4W13765 34.94 19.49 11.61 0.65 *11.17 1.15 1.00 .14 31.6) 150 14.000 116,000 

16 123,446 4.10911 26.58 312.61 12.91 0.5% 225.40 1.26 1.50 .40 1.52 10 3, oo 131.400 

14 13,613 1.13611 16.41 111.24 1.70 I.2o 1)9.94 1.41 1.40 .40 20.3 125 14,500 14.%00 

20 75,404 Im37252 23.95 191.41 13.)3 0.76 204.51 1.42 2.00 .10 231.37 400 13,100 76,J00 

it 17,5)3 I 3766 22.41 179.J7 11.13 1.40 191.10 3.4 1.10 .0 23,9t 100 9,500 11,000 

29 71,017 2.35505 19.85 153.30 10.01 0.00 168.l1 1.1% i,60 .t0 21.40 100 16.000 1.000 

22 95,905 3N32011 20.21 161.6v 9.45 0.95 171.14 1.01 %.M .60 21.12 l O 32,100 91,300 

31 17,596 2x 3719 21.00 167.99 1.o6 1.40 11.1 2.50 1,00 .60 25.10 1O0 5,500 1$,000 

21 126,316 4s31704 25.81 206.57 10.60 0.61 21 1.11 1.17 1.40 .A0 )1.10 400 19.00o 1't.c00 

13 11,413 1x11413 22.57 ll1.74 Camc'r,. 0.11 113.74 1.4 1.00 .11 25.14 lJ% 11,00 11.100 

26 35,509 ).ll131 19.16 151.231 9.21 1.12 12.49 1.32 1 jo .42 )J.40 OO 12 g00 14,100 

3 35,509 3X11731 19.16 153.23 9.11 .12 34j.54 1.3 I.jo .4J jj.40 00 31.500 1,100 

30 35,509 )x1711 11.41 147.25 9.41 1.1) 1'A.21 .74 1.20 .42 31.19 10 13,000 14.400 

27 24,412 3 6132 19.35 153.10 1.73 1.25 161.5 2.10 1.20 .50 11.65 15 ,10 24,250 



ANNEX 1-.' 

DERIVATION 	 OF DYNIAMIC HEAD AND IIORSEPOWF BIEQUIR1"FM'FS 

EXPLMUATION OF CALCULATIONS 

Col. 1 	 Station number 

Col. ?: 	 Totttl penk iHwiftrge requirement In GPM, converted from metric 
discharoie requlenents shovn in Table 1l1-7 

Number ;unpi nol luw, Lottr.re r,.erei;t ,Cnl. 3 o:' i ratrti !ir re i In (1{"M 

(:()I Is 	 '-t ti t (, -t-it , ,;i e t-t c, )i iv I -I rr c : . t% ' l if .nYer in-.t. 

Table 1I"-' 

Col. : 	 DIacharot, i *- hit, !"t -t !*-, "! lelivery 
canal (lr,1vi,£.i t y !. .. 

Col. 	 Total ', L ; ' he !rt++,.t 'r 't ri~ e o+; thewt" "Inj - orv 
))1a t 1(+"Ih- ' .f- I,, wr- n. t' I r i , ! e ' t+! t-, '+ i t.n t Iie ft r e 

or the ; ,; ft (1 

Col. 7 ' * ,: .: +:. !',.,-! 1(r,f1 line r . e,-!. ,I ! ++ )+ r ' l. ,i ! + 

at ater,, litc-r'"t- r ' .'e t k1. v:. qlunw'.'/ .rf wntr e-r i ~ 
( C o l . ' : u ' ' - Y n)( m r t~ran k ,i ,. Htr) y id r w ,- , ~ t + 

Col. 	 Total)-.I€"i rr , iV i~u ; t-- u ri-- ( ' t i. '" 

and () 

tC'ol. 9 	 Pipe, +';,'t, . , if re ,, O t tal 0;(V11 "I" t',:I t ,:, r'iortre 

In ('ri. ' v .- i 1,y lC(l) 

10 V. t-: 	 : ',ColI , Vr). 	 %e-rr w . | : :' .: +fP 

v. " '..I~ I- rer ~i ~~P ~ e .~r ltirt 4i 

Col. I 1 	 : )vutv r.:' t . ,nr. Ihti r e t-r, fr,+ "++|,, ft+.-A ,+-f ,tu e 

* rel r ,i + ' r . n ' 1. c, L r- !trEib+ !et' n tr 

WIt
 

Sti e I r, r ,II -,- ft 1. P V t4 II-ftr. t V1 r C .....t! 1 
I% U..". t,,n.,trrr ,,€.thr Vitt; tte 1"-+V1 n++il In l er 
air e, p~t .] 	 I'MCIU-1,0Y, or thel Moot r.%1itr4Wl- |ponp1. 

http:Lottr.re


ANNFX 1-


Col. : 	The final derived theoretici] P.H.P. required to drive 
the pump aft.. all friction losses, pump efflielency, etc. have 
been taken into account.. An n check on the validity of the 
derived H.P. requirements, some of he 1.H.1'. values were 
calculated directly from the formula: 

H.P. - Q x H x S.G. 

3960 x REf. 

Where:
 

H.P. - Required horsepower
 

Q = Discharge in gallons/minute 

S.G. = Specific grnvity of water (al)
 

Eff. r Pump efficiency 

The deriv*I value wns; th,.n rni !;.i 1:'-I A for pumip coupling, 
and shftf o The ne itz to theoretical 
B.H.P. wirt - ,,ct,. . Thi ' Indelet-lent ('IIcutitton wan used 
as a check )II 'ht- r.tIu fctur r' v-urvr vnlu. aine becuge 
there inty It" vnrint ions n .llferent natl'fniturr' cnl (ulit, ions. 
The formulpt Ki',-' tht- rtirtnt Iu1pget t:3tir-#Lte of the capital 
cost s,
 

Col. 1 : 	Toth! vt t r ;,i y r, ' Il-:I (t he nr.tr,.et.,.v.h ,.tnnd rd I:ize 
to requir',t.? , ur.n 0) 

Col. 15 : 	TottI :.; ' F111htyI : it- xt',: of requirtment":;, l , 
in~~~ r Ifely-!~.',r~ 	 I 

The fcl owing tptili : , !t:t-, ,'en1, t,:i h r::,;epower sizen for each 
of the atrtionr un:ino" ,.- ulw,,,, meth( , ,f er ivatiot 

http:nr.tr,.et


COIISULTANT'S PUMP RECOMMENDATIONS
 

Motor 

Station 
Number 

Number 
of 
Puips 

Pump Model 
and Bowl 
Diameter 
(inches) Stage 

and 
Pump 
Speed 
(RPM) 

Discharge 
Flange 
Size 
(inches) 

Pump Efficiency 
% Efficiency less 
1%thrust of shaft B.H.P. 

U.S. Gallons 
per minute 
Delivered 
per pump 

Total 
Dynamic 
Head 
(feet) 

25. 1 x 2. M x 1 730 24 84 150 15,000 27.96 
18. 3 x 24 M x 1 730 30 79 200 18,000 27.08 
1. 1 x 24 7 x 1 730 30 82 ISO 15,000 25.17 

32. 1 x 20 ? x 1 730 20 82 75 8,9CC 24.37 
33. 1 x 20 P x 1 730 20 82 100 10,000 24.59 
34. 2 x 24 M x 1 585 24 82 100 12,000 21.81 
3S. 2 x 20 F x 1 730 20 82 100 10,000 25.82 
2.4. 2 x 2. 4 x 1 585 24 80 75 11,500 18.90 
9. 2 x 2" M x 1 730 30 81 200 17,500 29.82 

10. 3 x 24 M x 1 730 30 82 150 15,700 28.19 
a. 2 x 24 M x 1 730 24 79 150 13,50C 32.80 
7. 2 x 2- L x 1 730 24 84 150 12,900 32.26 

23. 3 x 7QL 70 x 1 325 60 81 1500 119,000 35.00 
6. 2 x 36 L x 1 490 36 81 300 28,000 30.66 

11. 2 x 35 L x 1 490 36 84 350 31,000 32.38 
13. 1 x 20 . x 1 585 20 81 50 6,300 9.68 
14. 1 x 20 P x 1 585 20 80 50 6,750 21.58 
15. 1 x 20 P x 1 585 20 79 50 6,500 21.75 
3. 2 x 24 M x 1 730 30 79 200 17,8CC 27.95 
2. 2 x 24 L x 1 730 24 79 150 11,500 32.85 

17. 4 x 35 L x 1 490 42 83 350 34,000 27.63 
16. 4 x 35 L x 1 490 36 83 350 32,100 29.94 
36. 1 x 24 L x 1 730 24 82 125 14,500 20.29 
20. 2 x 35 L x 1 585 36 81 400 38,100 28.27 
19. 3 x 20 P x 1 730 20 82 100 9,500 26.99 
29. 2 x 36 L x 1 490 36 79 300 36,000 23.40 
22. 3 x 35 L x 1 490 36 81 300 32,100 23.32 
31. 2 x 20 M x 1 730 20 e2 100 9,500 25.10 
21. 4 x 36 L x 1 585 36 81 400 39,000 29.10 
12. 1 x 24 L. x 1 730 24 82 125 11,800 25.84 >c 

26. 3 x 24 L x 1 730 24 82 100 12,900 22.60 
28. 3 x 24 L x 1 730 24 82 100 12,900 22.60 
30. 3 x 24 L x 1 730 24 82 100 12,800 21.79 
27. 3 x 20 M x 1 730 20 82 75 8,75G 23.65 



PROFLE OF PROPOSED PUMP STATION 

,, PL TFORMEMERGENCY 
LEVEL 

SA MAX. LEVEL 

____ _-- Mm. LEVEL 

ED~ ~IE~ COCEE 



Diesel and Electric Cost Comparison fo Site 22 

(LE 000)
 

DIESEL ELECTRIC 

Yr Cap. Repl. Main. Opn. Total Cap. Repl. Main. Opn. Total 

1 133.4 - - - 133.4 149 - - 149.0 

4 - - - 38.8 38.8 - - - 39.5 39.5 
5 - - - 38.8 38.8 - - - 39.5 39.5 
6 - - 13.3 38.G 52.1 - - - 39.5 39.5 
7 - - - 38.8 38.8 - - - 39.5 39.5 
8 - - 46.7 38.8 85.5 - - 2.4 39.5 41.9 
9 - - - 38.8 38.8 - - - 39.5 39.5 

10 - - 13.3 38.8 52.1 - - - 39.5 39.5 
11 - - - 38.8 38.8 - - - 39.5 39.5 
12 - - 13.3 38.8 52.1 - - - 39.5 39.5 
13 - - 33.4 38.8 72.2 - - 2.4 39.5 41.9 
14 - - 13.3 38.8 52.1 - - - 39.5 39.5 
15 - 133.4 - 38.8 172.2 - 13.8 - 39.5 53.3 
16 - - - 38.8 38.8 - - - 39.5 39.5 
17 - - 13.3 38.8 52.1 - - - 39.5 39.5 
18 - - - 38.8 38.8 - - 2.4 39.5 41.9 
19 - - 13.3 38.8 52.1 - - - 39.5 39.5 
20 - - 33.4 38.8 72.2 - - - 39.5 39.5 
21 - - 13.3 38.8 52.1 - - - 39.5 39.5 
22 - - - 38.8 38.8 - - - 39.5 39.5 
23 - - 13.3 38.8 52.1 - - 2.4 39.5 41.9 
24 - - - 38.8 38.8 - - - 39.5 39.5 
25 - - 46.7 38.8 85.5 - - - 39.5 39.5 
26 - - - 38.8 38.8 - - - 39.5 39.5 
27 - - 13.3 38.8 38.8 - - - 39.5 39.5 
28 - - - 38.8 38.8 - - 2.4 39.5 41.9 
29 - - - 38.8 38.8 - - - 39.5 39.5 
30 - 133.4 - 38.8 172.2 - 92.6 - 39.5 132.1 
31 - - - 38.8 38.8 - - - 39.5 39.5 
32 - - 13.3 38.8 52.1 - - - 39.5 39.5 
33 - - - 38.8 38.8 - - - 39.5 39.5 
34 - - 13.3 38.8 52.1 - - - 39.5 39.5 
35 - - 33.4 38.8 72.2 - - 2.4 39.5 41.9 
36 - - 13.3 38.8 52.1 - - - 39.5 39.5 
37 - - - 38.8 38.8 - - - 39.5 39.5 
38 - - 13.3 38.8 52.1 - - - 39.5 39.5 
39 - - - 38.8 38.8 - - - 39.5 39.5 
40 - - 46.7 30.8 85.5 - - 2.4 39.5 41.9 

Net Present Value of Diesel Coot Stream - IE 345,640 when dincountmL at 15% 
Net Present Value of Electric Cost Stream - LE 306,362 when diucounted at 15% 
During the llth year, the cumulative NPV of Diesel option surpasses the NPV of 
the electric option, which in higher for the first 10 years. 



ECCNOC COST AND ISMF=IT FL 

(L=. 000) 

COSTS BEEITS 

not 3.P..
Proj ct Caledar Invest- Instal- Replace- -Total. Cash at 
Year Year ment lation 06H set Total Benefits Flov 29.7%20 

Lnclu:es scrap value zf transformers and switch 

1 
2 
3 

1979 
1380 
i961 

3233 
16146 

-

232 
.3 
-

-

-
1199 

369 
369 
369 

9833 
206" 
1568 

-
-

4880 

(9833) 
(2064) 
3312 

(7579.65) 
(1226.16) 
1514.52 

1912 - - 1274 369 1643 6202 'SS9 1606.97 
5 1963 - - 1360 369 1729 5515 4786 1301.88 
6 1964 - - 1360 369 1729 6Ii5 1786 1003.43 
7 
8 

1985 
1996 

-
-

-
-

1360 
1360 

369 
369 

1729 
1729 

6515 
6515 

%766 
4786 

773.1,
596.11 

9 1987 - - 1360 369 1729 65171 14788 459.65 
10 191 - - 1360 369 1729 6515 #786 354.13 
11 1939 - - 1360 369 1729 651S 4786 272.95 
12 1990 - - 1360 369 1729 6515 4786 210.38 
13 1991 - - 1360 369 1729 6515 4786 162.15 
116 1992 - - 1360 369 1729 65181.2 4789 12S.06 
15 1993 - - 1360 369 1721 6515 4716 16.33 
16 199 - - 1360 369 1729 6515 '.786 71&.25 
17 1995 - - 1360 369 1729 6515 '786 57.23 
1 
19 

1996 
1997 

-
-

-
-

1360 
1360 

369 
369 

1729 
1729 

66553 
65171 

'926 
4738 

145.40 
34.01 

20 1998 - - 1360 369 1729 6515 '716 26.20 
21 1999 - - 1360 369 1729 6515 '736 20.20 
22 
23 

2000 
2001 

-
-

-
-

1360 
1360 

369 
369 

1729 
1729 

6515 
6515 

(76 
t#786 

15.57 
12.00 

2r* :002 - - 1360 369 1729 6515 4766 9.25 
25 
26 

2003 
200'& 

-
-

-
-

1360 
1360 

369 
369 

1729 
1729 

65181,2 
6515 

'789 
4786 

7.13 
5.149 

27 ZOOS - - 1360 369 1729 6515 4736 4.23 
29 2006 - - 1360 369 1729 6515 4786 3.26 
29 2007 - - 1360 369 1729 6515 '786 2.52 
30 2003 - - 1360 369 1729 6515 '786 1.914 
31 
32 

2009 
2010 

-
-

-
-

1360 
1360 

369 
369 

172S 
1729 

65171 
6515 

'788 
'786 

1.50 
1.15 

33 2011 - - 1360 369 1729 7150-,4 S426 1.01 
3k 2012 - - 1360 369 1729 6515 '736 0.68 
35 
36 

2013 
201. 

-
-

-
-

1360 
1360 

369 
369 

1729 
1729 

6515 
6515 

4786 
t4786 

0.53 
0.41 

37 2015 - - 1360 369 1729 6518 -2 '789 0.31 
33 2016 - - 1360 369 1729 6515 '786 0.2 
39 2C17 - - 1360 369 1729 6515 4786 0.19 
40 2018 - - 1360 369 1729 6515 '736 0.14 

1T.879 281 51.%33 14,760 77,353 246,'417 169,064 0 
'includes 
3

scrap value of transport equipmnt 2 includes scrap value of comunications equipment 
panels 4includes scrap value of pvzps and motors 
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IRRIGATION ORGAMIZATION AT THE OPERATIONAL LEVL 
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ANNEX N-2
 

WORK FLOW FOR IRRIGATION MANAGEMENT 

OUJECTIVES SUPPLY WATER 

PUMP OPERATION 

LEVEL ENXECUTION PROGRAM 

MIINISTRYMINISRY L LoF ,IRIAVION|I 
AREA 

UNDER SECRETARY 
FOR 

OPERATIONS 
AND 

MAINTENANCE 

REGION DIRECTORATE 
WATER MGT. 
BY REGION 

SUSRGII 

SUIB-EGIONBY 

INSPECTORATE 

SUB-REGION 

IISTRIT I 

AMD 
MANTENANCTOPERATING 

REPAIR ENGINEERS] 

SITE L PUMPINGSTATION 
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ANNEX P
 

PRIORITIES FOR PUMP INSTALLATION 

Group 1 Group 2 

21 

22 

23 

20 

28 
17 

16 

6 

11 
26 

10 

El Sheikh Fadel 

Sawada Gabel El Teir 

Derb 

El Sibaia 

El Bousillia 

El Kehl 

El Ramadi 

Benban 

El Radissia 

Gezierat El Sheikh Tomai 

Selwa Bahari 

19 

3 

2 

9 

a 

7 

34 

30 

27 

28 

35 

Gezierat El Higz 

Moukassifat El Atwani 

Blukhar 

Selwa Kibli 

Iklit 

Gezierat El Mansouria 

Sahel Bani Okba 

Gezierat El Borsha 

Sahel El Sheikh Tomai 

Gezierat Shieba 

Gezierat El Hiba 

29 Sahel El Borsha 

Group 3 

31 

32 
Sahel Senor 
Sahel Ghiada 

33 
25 

Gezierat Beba 
Gezierat El Ahaiwa 

24 

36 
Gezierat Girga 
Gezierat El Hammadi 

1 

12 

13 

14 

15 

Gezicrat El Malkia 

Radissia North 1 

Radissia North 2 

Radissia South 1 

Radissia South 2 


