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1o TTRODUCTION

PROJECT BACKGROWND

The basic agricultwal problem in Jorden is the shortage of rain-fed arable land
which is a result of the rainfall pattern. More than 90 percent of the area receives
a mean annual rainfall of lese than 200 mm which is insufficient for high agricultural
production. Thus, irrigation is the only method for agricultural development of most
of the arable land end within the project area groundwater is the most reliable

water resource.

The hydrogeology of Esst Jordan wae studied wnder phase I of the present project,
tInvestigation of the Sandstone Agquifers of Bast Jordan® - JOR/9 (Fao 1969, 1970).
The studies indicated the Amman-~Wadi Sir aquifer system as the most important grouwnd-
water resource of Bast Jordan. A large part of this resmource is as yet wmexploited

and there is much scope for new development for irrigation.

Before the termination of the JOR/9 project the Government submitted a request
to the United Nations Development Programme (UNDP) for further essistance in the
development and use for irrigation of the identified growndwater resources. The
request was approved at the Eleventh (14-29 Janusry 1971) session of the UNDP Governing
Cowneil snd the phase II project, entitled Development and Use of Growndwater
Resources of Bast Jordan (J()w/??/ﬁf?ﬁ)g WaE a@“%;’mpﬂ, The Food end Agriculture
Orgenization of the United Nations (FAO) was appointed as the executing agency for
WDP, while the Natural Resources Authority (NRA) was designated ag the cooperating

agency Tor the Government.

The Project Document (phase IT) was signed on behalf of the CGovernment of Jordan
the United Netiome Development Programme and the Food and Agriculture Orgenizatian

of the United Watioms on 30 December 1971,

The total finesncial arrangements amowited originally to a WNDP contribution of
Uss 613 400 and & govermment contribution in kind of JD 93 661 plus the equivalent
of US$ 53 000 towards local UNDP costs 1/.

1/ US$ 1 = JD 0.316 as at 1.11.74.



1e2  OBJECTIVES

The broad objective of the project (phase IT ) was to assigt the Covernment in
the development of the growndwater snd lswd rescurces which had b@m identified by
the JQ}VV&} project (phase I}, Mors specifically, the terms of reference called for:

(a) testing of aguifers in order to check the estimates of quantities of
growmdwater available under production pumping conditions in the pilot

development areas;

{b) evaluating the land resources for futwrse development and finding the
appropriate solutiong for specific soil veclamation problems (leaching
of saline soilm, correction of alkaline soils, establishment of good

drainage conditions)s

{¢) carrying out agronomic studies and experimentation 0 determine the most

suitable cropping pattern, plant varieties and agricultural practices;

(a) testing of different methods of irrigation in the pilot development areas,
and experimentation on plent water reguirement and irvrigation principles
in order to assure the best use of the limited and expensive water

availabley

{e) ovpreparing of preliminary and final designs of irrigation schemes in new

development aress;

(f) supervising the construction and operation of irrigation schemes which

might be implemsnted during the period of the project;

(g) cerrving out agro~-ecopomic studies on farmers’ px*ice/ cogt incentives for
the recommended cropping pattern and varieties, availability of productiem

equipment and inputs, credit, potential merkets and marketing facilities;

(h) training of farmers in modern methods and teclniques of irrigated

sgriculture;

(i) preparing of feasibility reports switable for loan application to

international financing institutions;

(i) coordinating +the actions of the verious agencies concerned with the

development of irrigeted agriculture in the project ares;

(x) prepering en overall Government Plan for lsrge-scale development of land

and water resources in Basit Jorday.



123 IMPLEMENTATION

Todet General adminietration

The project became operational on 16 January 1972 = although preliminary
operations had sterted oo 21 January 1971 with the arrivel of the Project Manager o
and activities were completed on 30 Jwae 1974. Project headquarters was established
at Amman. The international staff recruited by FAO and the comterpart staff are
listed in Appendix 1. Appendix 2 gives details of fellowships end in-service training,

while Appendix 3 lists the equipment supplied.

It was originally plammed that the project would last for three years, that is
watll the end of 1974.

Telde2 Organization and results

Upon request of the Government, a UNDP/FAO Review Mission visited the project
in April 1973. The Mission recommended that ‘most of the activities of the present
phase of the project should be progressively transferred to the Govermment in such
a way that by Januvary 1974 UNDP/FAO assigtance to the basic investigations would be

mainly advisory services and guidance .

Following the above recommendation, the programme was adjusted for termination
of field activities by the end of Decembher 1973. 48 a result of the shortening of
the duwration of the project, the objectives were not met in all respects and there
were changes in emphasis. Thus, most of the agronomic, soil reclamation, irrigation
and water requirements field trials were not completed due to the limited time and
the project was not always able to use field data in the design of irrigation schemes
and in the preparation of the overall irrigation plan, The supervision of the
construetion of new irrigation schemes was limited to one scheme which was the enly

one implemented during the life of the project.

The project made considerable efforts 4o train counterpart staff in all its
activities but agesin the time availeble was not sufficient for completion of this

training.

The project was, however, able to attain all its objectives in the demign of
irrigation schemes, in agro-economic studies, end in the preparation of feasibility

reports suitable for loan applicstion.
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Thege sctivities culminated in the major achievement of the project - the
prepavation of the Medium Term Plan for Development of Groundwater Irrigation in
Bast Jorden. Tn fact, all investigations end studies over the period gince 1965
when the first phase started were aimed to produce such & plan which lays the basis

for overall drrigation development in East Jordan.

Reports

In the time available it was possible to prepare two Technical Reports only for

formal transmission to the Governments:  Agronomic Experimental Studies and Development

of Crop Production (No.1); and Medium Term Plan for Develovment of Growndwater

Irrigation in Bast Jordan (No.2).

Seven Techmical Papers were prepared and were handed infoimally to the Government.
Seventeen Working Papers were produced for internal use of the project staff. 411
these papers record detailed technical data snd provide training meterial for
comterpart staffs In addition, consultants' reporits in specialized Fields were
transmitted to the Government.

Appendix 4 gives a complete list of documentation.
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2. FINDINGS, RESULTS /MND CNCLUSIWNS

CGROUNDWATER MANAGEMENT
Geneggi

The work of growmdwater mensgement was carried out by the Hydrology Section of
the NBA; and a hydrogeologist of this agency was assigned to the project as liaison
officer. The programme wag prepared and iie implementation mupervimed by the project.
The data collection consisted of monitoring of water levels, recording weter withe

drawals and systematic water quality sampling in areas where'graundwater wag exploited.

The Electric-mmalog Model of the dmen-Wadi Sir aguifer in the Shaubak-Ras en
Waqb aree which was initieted during phase I, was completed (fppendixz 4 (33))e Three
digital models were consiructed and operated for the Wadi Dhuleil, Qatrana and “fzrag
aveas (Appendix 4, (41-44))s In appraisal of the aquifer regponse to production
pumping was made and e water availability map of the Ammen~Wadi Sir system was

prepared (Map 1).

Hydrogeology of the Amman-~Wadi Sir Agquifer system

Under phase 1 (JOR/9), ten aguifer systems were recognized, their spatial
digtribution defined and their potential for development assessed. Studies showed
the Amman-Wadi Sir system a8 the most imporitant growmdwater resource of East Jordan
in terms of wecharge, reservoir capacity and quantity of water that is economically
available for irrigated agriculture. A large part of this water resource is as yet
mexploited and there is much scope for new development for irrigetion
(FPAO 1969, 1970).

The Afmmen--Wadi Sir aguifer sysitem ouicrops in an extensive area of the Highlands,
o the western edge of the Plateau, and along the top of the Ras en Nagh escerpment.
It is present at depth beneath much of the Plateaun and extends beneath the basalts
of +the Dhuleil-Mafreq area. The system is confined in large sreas of the Platean
and in some parts of the Highlends.



Carbonate rocks, principally limestone mnd dolomite, are the predominant
aquifer material., Silicified limestone, joined chert, sandstone and sand are also

present. The system becomesg increasingly sandy southb—eastwards into the Jafr basin.

The maximum recorded thickness of the system is about 350 m in the Azraqg basine
In the Highlands and the western part of the Plateau the total thickness ranges from
200 to 250 m, but this may be locally reduced by erosion in the ouiecrop area. There
is a marked thimming of the sysitem eastwards towards Bayir. Saturated thicknesses
range from the total thickness in area where the system is artesian to nil at the

edge of saturation in some parts of the Highlands.

Much of the outcrop in the Highlsmds is in areas of relatively high rainfall,
whereas outcrop areas on the Plateau are located in areas of low rainfall. In most
of the Plateau and in some parts of the Highlands the system is overlain by sediments

of low permeability which essentially prevent recharge by vertical percolatiom.,

The main source of recharge is rainfall on the oulcrop area. Some waler ism
transferred to the system from the basalt aquifer of the Dhuleil-Mafraq area. The
contribution from this sowrce probably totals 20 to 30 MCM/annum, The mean annual
recharge to the system is estimated at 350 MCM/annum but the quantity of recharge is
extremely variable from year 1o year. However, the reservoir capacity of the system
ig 80 large that inter-ammual variations in the quantity of recharge do not normally
cause mavked water level changes. About two-thirds of the recharge appears as springs
and base Tlows in wadis which drain to the Jordan Valley or directly to the Dead Sea.
The balance discharges eastwards or westwards as sub-surface flow. It is estimated
that about 90 percent of the total recharge disqharges westwards to the Jordan »ift

and esgentially all this water forms part of the balance of the Dead Sea basin.

The digtribution of mean ammual recharge has been estimated according to the main
recharge areas. These correspond to fthe major mowmbain blocks of the Highlands with
the one exception of the recharge ccn%ribuﬁed by sub-surface flow from the basali
aquifer of the Dhuleil-Mafraq area. Table 1 shows the estimated quantities of
recharge, as well as the estimated amowmt of water flowing from each ares to the Dead

Bea bagin,



Table 1

ESTIMATED RECHARGE DISTRIBUTIGH OF THE MMAN-WADI SIR
AQUIFER SYSTEM

Average ammual Discharge to Dead
Recharge ares recharge (MCM) Sea basin (MCM)
Ajlun 110 110
foman 78 72
Hazar 84 84
Tafila 23 17
Shaubak-Res en Nagb 18 2
Inderflow from Dhuleil-Mafrag area 30 30
TOTAL 34.3 315

The reservoir capacity of the system cannot be estimated with any degree of
accuracy. Nevertheless, the dead storage obviously represents an immense quantity
of water which could support a policy of long-term depletion on a relatively large

gcalea

Distribution of permeability within the system ranges from less than 0,071 to
more than 100 m/daya In general, low permeability zones occur near the crests of
the recharge mownds and there is an increase in permeability down the gradient.
High permeability szones erse normally present in areas of growmdwater flow convergence.
Trensmisgsivity is & fuction of permeability and of aguifer thiclmess and the latter
ig extremely variable in the structurally complex and highly eroded area in the

Highlands,

The total salinity of the water ranges from 300 to over 2 500 ppm. In the areas
weat of a line from Mafraq to Ma'an, the concentration of dissolved solids rarely
exceads 1 000 ppm and is usually considerably less. In general, these waters can be
used for irrigation of the available suitable soils. They present a low sodium hazard
and a medium to high salinity hazard according to US Salinity Laboratory stendards.
The total dissolved solids exceed 1 000 ppm in large parts of the Azrag and Jafr

baging,
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Pregent water uase

Spring discharges and the base flows in the rift side wadis which are maintained
by growmdwater from the Amman-Wadi Sir system have been traditionally utiliszed,
mainly for irrigation. However, most of this wabter emerges at too low an elevation

%o be mobilized for wse in the Highlands or on the Platean.

Several of the major dischargens to the Jordan Valley have now been reguleted
by storage structures. These include the dams on the Wadis Ziglab, Shueib and
Kefrein. A storage structure is under consitruction on the Wadi Zerga. Work on a
major storags siructure on the Yarmouk River has been suspended since 1967 dus to
the political situaltion. A plan to divert base flow from the Wadi Mujib to the
gouthern CGhors is wder consideration for financing and some sgitudies have been made
for regulation of the Wadi Hasa., All this water is being or will be used in the rifi

zone of the Dead Sea basine

Only a small proportion of the water resource of the Amman~Wadi 3ir system is
pregently used within the Highlands and Plateau. Gross exbtraction by pumping probably
does not excesd T0 MCM/annum and net extraction could be about half That amount.

Hogt of the pumping from the symtem is concentrated in the Aman~Zerda Valley and in

the Wadi Dhuleil area.

Current gross extraction from the system in the Aman~Zerge Valley totals sbout
30 MCH/annuma The net extraction is probably less than 15 MCM/anmum§ but return
Flows from domestic, industrial and agricultural uses cause deterioration in the
quality of the water. Most of the water extracted is used for domestic supplies and
the balance for agriculture and small indusitries, Demands Tor irrigation are not
expected to increase due to land limitations and Government controls on new exiraction.
On the other hand, a large population is concentrated in the valley and there is an
incressing demand for domestic and industrial supplies. The water pumped for Amman
ig about 18 MCM/annum of which about 13 MCM/annum is extracted from the Amman-Wadi
Sir system. The forecast requirement for Amman by the year 2002 ig 84 MCM/amnum
which ex¢eeds the total rechargeable resource in the area between the Wadis Zerqga

and Mujibe.

Gross withdrawals from the system in 1972 in the Wadi Dhuleil area totalled
about 22 MM, WNet exitraction is estimated 10 have been 16 MCH, Approximately 2 BCM
were exported from the area to supply the Irbid pipeline which provides domestie
water to the northern districts. The balance was wsed for agriculture. Uross
extraction increased by about 15 percent in 1973, A model study has shown that the
1972 rate of pumping probably exceeded the safe yield in this area and that the net

long=term extraction should not exceed 10-12 MoH/annun (see Appendix 4 (41, 44)).



Several wells in the vieinity of Sama in the upper Yarmouk Valley to the north
of Mafraq are pumped for irrigation. Gross extraction is of the order of 1 to 2
MCM/annum0 Small irrigation developments near Karak and Shaubak in the Highlands
and at Qatrana, Abyad, Tell Burma end Arja which have been comstructed or are being
implemented, demand a gross extraction of about 7 MCM/annum. There is a limited
demand for the Hasa phosphate industry. The balance of the extraction by pumping is

mainly for domestic supplies and does not exceed 3 MCM/annum.

2otodl Water availability for irrigation

2elsdal (Jeneral discussion

The Ajlun~-Irbid area receives an average annusl recharge of about 110 MCM but
water levels generally exceed 200 m below surface., Since the maximum economic pumping
depth for irrigated field crops cannot exceed 150 m, even with high discharges, little

of this water can be economically intercepted within the area.

Water discharges from the basal aquifer to the Amman~Wadl Sir system in the upper
Yarmouk Valley. Acceptable pumping levels and well yields are associated with géod
goils in the vicinity of Sama to the north of Mafrag. The area of relatively shallow
water level isjhowever, limited by the topography. Some irrigation from wells has
already been started by the private sector in thie area and public invesiment does

not appear justified.

As present extraction in the Wadi Dhuleil area probably exceeds the safe yield,

additional development of irrigation cammot be recommended in this area.

The average annual recharge to the system in the Madaba-—Amman~Zerqga area is about
78 MCH, About 35 MCM flow northwards through the Amman—~Zerda Valley to the upper
Wadi Zerga and an equal amount flows southwards to the Wadis Zerga Main and Mujib.
Some 2 MCM discharge westward to the Wadi Sir springs and about 6 HCHM flow eastward
40 the Azrag basin. The spring discharge at Wadi Sir is fully wutilized for domestic
supplies and irrigation. Net pumpage in the Amman Zerqa Valley totals about
15 MCM/annum but most of +this is probably replaced by induced recharge from storm
rn-offe Little of the water flowing south to the Mujib basin or east to the Auraq
bagin is used. Nevertheless, in view of the forecast demand for Ammen, it is
congidered that all the available growmdwater of the Madaba-Amman Zerga area should
be reserved for future domestic supplies in the area. Additional development of

irrigated agriculture cannot be recommended.



A water aveilability map (Map 1) was prepared for the area imderlain by the
Amman—-Yadi Sir system to the south of Amman—Aszrag. The map delimits areas where
certein characteristics of the system such as depth to waler levely well preductiviiy,
well comsiruction cost and water quality could be limiting. It indicates the
digtribution of recharge as a guide to ths quaniity of watcr which might be extracted
on s safe yvield basis. The map is not a substitute for detailed hydrogeological
appraisal of any particular arvea, nor does it relate the availability of water to

land,

Pelodlo? Constrainte on development

It would appear that the areas of potential development are located to the south
of a line Mujib-Azrag. The rechargeable resources in this region are about
125 NCM/annum and the reservoir capacitly is very large., However, there are several
constraints on the development of this water. In fact, assuwing that suitable land
ie available, the Tollowing general criteria must be met if use of growdwater for

iveigation is to be economically feasible:

{a) Pumping depth muet not be excessive.
(b) Well productivity must be adequates
{(e) Well construction costs must be accepitable.

{d) The rechargeable resource must be sufficient to sustain the
development, or the reservoir capacity must be large enough

to permit & long-term depletion programme.

(e) The quality of the water must be suitable for irrigation.

The above eriteria do not have absolute values but fall within s range depending
on other criteria. The profitability of any development must be assessed according

to the conditions particular to the area.

The congtraints on the development of the water of the Amman—Wadi Sir agquifer
taken into account in the preparation of the water availability map are discussed
balows

(&)  Depth to water level limitationg

Depth from land surface to water level was contoured by comparing the
land surface contours with the interpretation of the regiomal piegometry
of the system. The land surface contours of the available 1:250 000 map

of Jordan are at 25 m intervals., The piczometric map of JOR/9 Technical
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Report 2 (FAO, 1970 b) shows water level contours at 50 m intervals.
Therefore the depth to water level contours are of limited accuracy,
particonlarly in areas of rugged topography or where well control is
sparge., The areas delimited within the mapped comtour intervals do not

take accouwnt of localized aveas of high or low elevation.

Depth from lend surface to water level is contoured at 50 m intervals up
to the limit of 150 m. This limit was selected because it is considered
that pump-lifte required to develop groundwater in areas where static
water levels are in excess of 150 m depth would generally be wmacceptable
for irrigetion wnder the prevalling economic conditions. The map shows
that water levels are generally less than 150 m below surface in a
limited area in the vicinity of Jizsh-Dabah, an extensive area extending
gouth from Siwaga to near Uneiza, some areas to the east of Karak and
Tafila, an extensive area in the mountaing between Shaubak and Ras en
¥aqb, and in large areas of the Jafr and Azraq basins., Aveas with water
level less than 100 m below surface have a pimilar but rather more
regtricted distribution. Areas with water levels at less than 50 m depth
occur in the Azraq basin, in the vicinity of Hasay 1o the south of Jurf
al Darawish and in the Shaubak-Ras en Nagb area. Flowing artesian wells
may be located in the central parts of the Azrag basin and in some
localities in the Shauvbalk-Raze en Nagh area. It is assumed that the -
availeble growndwaber resource in the area between the Wadis Zerga and

Mujib is to be reserved for future domestic supplies in the Amman regicne

T4 ig concluded that the sreas where water is availsble and depth to
wobor im not limiting o development of irrigation are located in the
Highlands, on the western edge of the Plateau to the south of Siwaqa,

and in the Azrag and Jafr basing.

(b) Well productivity limitations

The productivity of a well reflects the mean permeability of the section
penetrated by the well, It is considered that well yields cammot fall
appreciably below 100 m3/h for field crop irrigation and about 50 ma/h
for irrigation of fruit, and remain economic under the conditions which
pertain in most of the area M/@

Areas are recognized on the water availability map whers permeabllity

%/ %eﬁmﬁwnmeEﬂm}fm]%wﬂmmmtcfGmmﬁmﬁm‘hTMWMmﬁhlmthwmmn
. Figures 2 and 3.
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combined with aguifer thiclkness could limit well productivity to below
an accepltable discharge. In the areas delimited, specific capacities
would normally be considerably lower than about 3 m3/h/m in wells
penetrating 100 m of saturated section at discharge of 100 mB/h, ie@o
the drawdown for 100 m3/h discharge would exceed 33 me. The aquifer
thickness limitations cammot be indicated on a map of this scale.
Reference should be made to detailed geological maps to estimate the
saturated thickness available at any particular locality. However,
limited saturated thickness is common only near the edge of the
egearpment and the deeply eroded side wadls where considerations other

than well productivity preclude development of irrigatiom.

The map shows that well productivity limitations reduce the area to

the east of Karak where depth %o water is not limiting, to a relatively
small area in the vicinity of CGhuweir, eliminate the pogsibility of
development in the Tafila region, and exclude parts of the shallow water
areas between Bhaubak and Res en Nagb, and to the south of Husseiniya.
Well productivity in parts of the Azrag and Jafr basin could be limiting.
The extenmive area of relatively shallow depth to water extending south-
wards from Siwaga to Husseiniya is little affected by permeability

limitations.

Well construction cost limitations

The Amman-Wadi Sir system becomes increasingly sandy south-westwards into
the Jafr basin., Beds of wcemented sand are common in this area and the
carbanate sections are relatively thin. The sands are normally fine and
well graded. Consiruction of wells in these sediments involves the use
of expensive screens and selting carefully graded sand packs. Wells up
6 400 m deep will be requived, Thus, well construction costs in the
pouthesastern part of the Jafr basin will be very high and would probably
preclude economic development of the water for irrigation. The area where
the lithology of the system may be a constraint to development is indicated

in Map 1.

Wells over 500 m deep will be required %o tap the Amman—Wadi Sir system
in a large part of the Azraq basin. Well construction costs will be more
than double those in potential production areas in the Highlands and in
the western part of the Plateau., It is doubtful whether such costs would
be economically accepitable, The area where well construction cost, due

%o well depth, may be limiting, is indicated on Map 1.
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(d) Water quality limitations

The sreas where total dissolved solids in the waters of the Avman~Wadi

Sir system exceed 1 000 ppm are indicated on Map 1. These include most

of the central and easiern parts of the Azrag basin and the south-esstern
half of Jafr basin. Water quality deteriorates rapidly in both these
areas. Total salinities of up to 1 700 mm have been observed in the Azradg

bagin and up to 2 650 ppm in the Jafr basin.

With the exception of the Dabah area, the concentration of dissolved
solids in the water in the Highlands and along the western edge of the
Plateau is less than 1 000 ppm. In a large part of the Highlands total

salinities are below 500 ppm.

{e) Water quantity limitations

The order of magnitude and regional distribution of recharge within +the
area have been estimated and the regional pattern of growmdwater movement
is known. The total mean annual recharge is about 125 MCM. It is
estimated that about two—thirds of the recharge occurs in the mouwntainous
block between the Wadis Mujib and Hasa. The reservoir capacity of the

system has not been estimated but is obviously very large.

The quantity of the water which can be recovered on either a safe yield
or controlled depletion basis is lnown for only limited areas. Mnalog
model studies of the Shaubsk-Ras en Nagb area indicate that it would be
posgible to extract up to 15 MCM/annum in this region without inourring
wmacceptable water level declines (Appendix 4 (33))e A digital model of
the Qatrana ares indicates that gross exiraction of 8.5 MCM/annum in the
vicinity of the existing pilot development would result in stabiliged
declines of less than 10 m {Appendix 4 (42)). Forecasts of aquifer

response to pumping from elsewhere in the system are lacking.

Taking into consgideration the above constraints on the development of the Amman-—
Wadi Sir aguifer, a medium term plan was prepared on the basis of gross extraction
squivalent to the estimated recharge. The planned distribution of extraciion is in
accord with the recharge and growndwater flow pattern. A8 this rate of extractiom
will involve an essentially wnknown amount of reservoir depleticn, the plammed

development is phased to allow periodic appraisal of aquifer response to extraction.
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SOIL SURVEY MND SOIL RECLAMATION STUDIES

Genersal

Within the project area, water is the limiting factor for irrigation development.
Therefore, the land resources described in this report are confined to those areas
where there appear to be no general hydrogeological constrainis to economic develop-

ment of grouwndwater for irrigation.

S0il and land clessification studies were initiated during phase I of the
project (FA0, 1972b)s During phase II, soil studies were continued by the Soil
Section of the WRA collaboration with the Research Depariment of the Winistry of
Agriculturs. Detailed moil surveys were undertaken on 10 000 dunums 1/ and semi-
detailed surveys on 22 000 dwnums. The project advised on gpecific soil reclamation
problems and assisted the Government to prepare a programme of soil reclamation trials
(Appendix 4 (34)). This programme is now partially wnderway but no final resulis

have yelt been obiained,

Description of land resources

The areas in Fast Jordan where no major hydrogeological consiraints exist for

irrigation development are:

(a) The area in the vicinity of CGhuweir and Adir to the eamst of Karak.,
(b) The area of the Highlands between Shavbak and Ras en Nagb.

{¢) The area of the Desert Plateau extending southwards from near Siwaga
to the vieinity of Husseiniys snd lying mainly to the sast of +the

Amman~Agaba highway.

The area near Gbhuweir and Adir has an wndulating topography end the elevation
ranges from 900 to 1 000 m,

The areas belween Shaubak and Ras .en Nagb are located in the mouwntains and
foothills of the Highlands and rise {o heights of 1 300 to 1 600 m. The topography

is frequently rough and broken and large expanses of level land are rare.

The ares betlween Siwaqga and Husseiniya is & gently dissected plateau formed
from flat-lying mainly calcareous sediments. The altitudes reange from 1 050 m in
the southern part to about 750 m in the north.

1/ 1 Jordan dunum = 0.1 hectare.
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In the Chuweir-idir and Highlend areas agriculiursl lends normally occur om the
shallower slopes and in the valley bottom. Most of these lamds are cultivated wiih
winter cereals though there is visk of failure due to the variability of the rainfall,

Some tree crops and vegetables are also grown in the wetier sreas but productivity
is generally low,

In the Desert Plateau the rainfall supporis only sparse grazing which is used by
nomgdic herds of goats, sheep end camels. The natural vegetation is overgrazed snd
in some areas has been destroyed by ploughing. Some winter cereals (mainly barley)

are grown in small patches along the wadi beds but yields are low and the failure
risk is wvery highe.

22203 Soil and land clasg surveys

The land classification system used is based on that proposed by the U.S.

Department of the Interior (1953)“ Certain modifications of the system were made

to suit local conditions.

A gross area of about 140 000 dunume was surveyed in detail, semi-~detail, or at
reconnaissance level. The surveys are described in FAO (1972b) and in working papers
and reports of the Soil Section of NRA., The areas selected for survey were chosen
on the basis of a preliminary sssessment of the available land and water resources,
and represent only a small proportion of the areas in which growndwater development
is generally feasible, particularly in the Plateau region. Additional surveys will
be necessary for further irrigation development but preliminary reconnaissance shows
that the necessary areas of irrigable land are available. The surveys provide a
gample of the type of irrigable land t¢ be fownd in the areas. The resulis of the
surveys completed to date are summarized in Table 2. It should be noted that the
landa are classified according to their existing conditions and that the table does
not indicate the classification to which the lands could be improved by proper

irrigation management.

Bven with preliminary soil reconnaissance a large part of the land surveyed has
4o be writiten—off as umnsuiiable for irrigation and included as class 6 land. Nearly
45 percent of the surveyed lande are included in class 4. Cless 3 or better lands

represent about 30 percent of the surveyed areas.

The important constraints to land development for irrigation in the Ghuweir—
Adiy and Highlends areas are slope and limited depth of seil.” The soils may bhe
initially saline and/@r alkaline in the drier parts of the Shaubak-Ras en Nagb area,

but the drainage is generally good and these defecis may be removed by leaching.
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Table 2

SUMMARY OF S0IL AND LAND CLASS SURVEYS

Locality MMWMmWM owmwwmwwmw Land mwmmmwmwnm&wow

(dumums ) 3 5 3 Lt 7 Z
Ghuweir area
Chuweir—Adir Semi-detailed 8 950 1 000 3 000 2 150 1 950 250
Sub-total 8 950 1 000 3 000 2 156 1 950 250
Highlands
We ATia Detailed & 070 - 2 410 1 570 2 090 -
Udruh Detailed 5 070 - - 3 120 370 1 580
Abu Lisan Detailed 1 860 - 990 660 50 160
Qurein Detailed g 000 - 520 2 150 6 260 70
Shaubak Detailed 10 000 - 1 280 800 2 560 5 360
Wo Wuheida Detailed 2 050 - 46 537 1317 150
Uweina Detailed 12 000 - - - 5 530 & 470
Abu Fakhtoub H\ Reconnaissance 27 500 1 450 2 300 10 750 13 000 -
Sub-total 73 550 1450 7 546 19 587 31 177 13 790
Dagert Flateau
3iwaga Detailed 4 300 - - - 3 200 1 100
Jatrana Detailed 10 000 - 960 2 840 5 850 350
Sultani Detailed 17 250 - 240 1 340 11 270 4 400
toyad 1/ Semi~detailed 13 000 - - 2 750 4 300 5 950
Tell Burma Semi~detailed 16 150 - - 500 6 300 9 250
Zub-total 60 700 - 1 200 7 430 30 920 21 150
GR#AD TCTAL 143 200 2 450 11 746 29 167 64 047 35 190

M\ vetailed surveys have been compleied of over 3 000 dunums.
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The reclaimeble lands in the Siwage-~Husseiniya area mey have slope and thiclkness
defects. They normally contain soluble salte in excess of the tolerance of crops and
may contein exchangeable sodiume BExperience in the pilot developments at Qatrana,

Abyad end Arjs shows thatl Q&linity/ﬁlk&liniﬁy problems may be solved by leaching.

Drainege problems are not anticipated as the majority of the soils sre wnderlain

by a thick layer of gravel, snd in meny cases drain to a water teble at considerable
depths

2aod Soil reclametion studies snd trials

The majority of soilg in the Desert Plateaun sress are saline and & great psrt of
them are alkaline, Preliminary leaching trials and the experience gained from the
operational schemes showed that the salt content of these soils and the alkalinity
are guickly reduced 1o & low level by leaching. Additional {rials were comducted 4o
confirm the above conclusion and o establish an economlc leaching procedure, both

with and without soil amendments. These trials included:

(a) leaching and gypsum trial at Wadi Abyad;
(b) sub-moiling trial ai Qatrena;

{¢}  study on irrigation end leaching regquirements in the
desert schemes.

The gypswn trials showed that gypsum application had little or no effect cn
sceelevating the reclsmation process. It was observed that the growth of sorghum in
the sub-zoiled plots was beider then in the oommbrol plets. Leaching vsing a
reasensble amount of water and cropping with a salt tolerant crop such as barley im

the most adeguate and economical way for reclamaiion of the Plateau soils,

The results of the studies sre described in detail im & project  Horking

Paper (Appendix 4 (22)).
2ok ACRONCITIC STUDIES MAND TRIALS
Potel ﬁﬁﬂﬁ&%&
The sgriculiural sector in Jordsn contributes gbout 20 percent of the (Gross
Wational Product, employs about 40 percent of the labour force and provides about

50 percent of the export revenues. However, the cowntry imports JD 3,23 million worth

of sgriculiural crop products and the total imports of food commodities equal
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JD 18 wiliion. There is therefore great inberest in and need for intenpification

as well se diversification of orop productice.

The smmual eropped ares in the Esst Bank is 3.5 4o 4 million dumwme, which may

be broken down as follows:

Cropped. area in Famgt Bank

Area Crops
{milliens of dunums)

2.5 w 3,0 Cereals, mainly wheat
0.4 Other field crops, mainly lentils
0.3 Vegetebles, mainly tomato
0.3 Ty@@ crops, mainly clives snd
vines
345 w  A,0 Tobal cropped ares

The yields of all rainfed ovops fluctuate within a wide range reflecting the
variability of the rainfall. Yields may vary betwesn good sud bad reinfall years

by several nmdred percent,

The irrigeted area in the Bast Bank is about 175 000 dunums, of which about
150 000 dunums are in the Jordan Valley send South Ghors. There asve soms 25 000
dunums of irrigated land in the Highlands end on the western edge of the Desert
Plateau, Of this folal, some 20 000 dwiums are irrigated from pumped wells and the

balance from springs sod base Tlows in wadis.

Production in the Jordan Valley and South Ghors consists mainly of vegetables
produced in the period November-Jwe. Fruits, mainly oitrus and benans, and some
cereals are algo grown. Irrigated agricultural production in the Highlands and
Desert Plateau is mainly of vegetables with some field crops including fodder. The

vegetables are produced during the period July-Ostober.,

A plan is being implemented in the Jordan Valley whereby the irrigable area will
be increased to 200 000 dunums by 1975. A proposal for irrigation of 60 000 dunume
in the South CGhors is under consideration. JTrrigation of 80 000 dwnwms in the Hi gl
lands and Desert Plateaun is proposed in the Mediuwm Term Plan for Development of (round-

water Irripgation in Bast Jor&&mé prepared by the project.
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2ol Degoripbion of agronomic activities

The objective of the agronomic studies and trials was to determine the most
suitaeble crop pl&nt&/vmria%iws and their culbursal regquirements in the new groundwater
irrigation development aveas of Bast Jorden. The studies were demigned to

systematically orgenize the crop production work through:

(a) Collection of the extensive varietal seed material of cultivated field

crops and vegetables:

(b) Orgenizing field tests on the promising varieties of the most successful

Crops ;

(¢} Imitiating Fferiiliger, irvrigation, wabter-use and cultural method studies

ot the promising crop varieties identified;

(a) Devising suitable cropping patterns capable of giving high returns to the

farmers;

(e) Initiating cropping work in Qatrena and the other operational irrigation

schemes .

Failure of the mud-flat soils to allow a good germination of the crops,
particularly during the summer season, has proved a great stumbling block to efficient
crop culiture. This difficulty was overcome in the triale at least for some crops by

gowing on pridges after furrow irrigation.

& particular effort was made to obbain the required seed from outside the country.
Seeds, with particuler emphasis on wheat, berley, maize, sorghum, alfelfa and
vegetables, were grown in test plots o deltermine the most promising varieties. A
programme for local seed production end improvement was initiated, and seeds of
alfalfs, berseem, maize and other c¢rops have bheen produced in sizable quantities for

the first time in the cowmtry,

The project provided technical assimtance o the Government for the cropping of
the newly implemented echemes at Qatrana, Abyad and Chuwweir. A number of crop
rotations were studied, and the most promising was put into practice on the Qatransa

pilot scheme.

Tn addition 4o the crop trials, lamb fatlening trials were held at Qatrana to
Pind out whether lamb fattening could be a profitable way of consuming fodders produced

in the demert irrigation schemes.



20

The field 4rials and observations conducted at Qatrana, Wadi Dhuleil, Shaubalk,

Dier Alls and other experimental farms are reported in Technical Report 1.

20363 Results and conclusions

Tt was found that improved agromomic technologies developed in some Buropean
comtries and the western United States could prove useful after suitable modifica-
tions for use in Bast Jordan. Though sufficient progress has been made in the
jdentification of promising orop/vari@tiea and their cultural requirements, details
gtill remain to be completed and additional trials should be wndertaken by experienced
workers. Crops such as alfalfa, some forages and other crops, particularly those that
can withstend severe winters and profitably make use of the winter precipitation
(wheat, barley, oats, rapes) can be very successful. High value and high yielding crops
could permit of the use of frequent costly irrigations required for their successful

production.

2630301 General conclusions on various orops

The main conclusions from the sgronomic studies and trials on various crops ave

gummarized below:

(a) Wheat

Immediate scope for increasing wheat production in Jordan liems in the
uge of fertilizers and superior seeds combined with good sgronomy in
the irrigated aresz. Yields up to 500 kg/dunum were obiained in some

experimental plots.

For obisining high yields from the growdwater irrigated areas in the hills
of Bast Jordan, semi-winter and winter-durums and bread-wheals with high
yields and vitreously hard grain are required. Tests with the superior
varieties identified such as Capeitti (Capelli x 1%18)9 Mingas end Hard
331 x 156, should be repeated. For December-Januery sowings, Sonalika,
Zambesi, WMexipak and Fmt&m varisties cam be grown. A number of wheat

varieties have given superior yields at Shaubak and should be retested.



(v)

(a)

(e)

21

Maize

Experimental sowings throughout Jordan have indicated that meize can be
successfully grown with possible yields of 700 kg/dunum or more wader good
farm management conditions. Bulk quantities of seeds of three synthetic
varieties have been multiplied or obtained in the cowntry. Varietal
tegting work as well as irrigation and fertilizer requirement studies
should be intemmified.

Alfalfa

Alfalfa is the most successful forage and hay crop of Fast Jordan wnder

irrigation. The following suggestions are made regarding its improvement:

«~  The varieties in use are good but improvement is possible by selecting
more winter—hardy, high-yielding, disease (ruwst) and insect pest(e.g.

aphids) remisitant varieties.

~  Observations made at Qatrana indicated that Certified Haydon, Moapan 69,
Saranac, Jit (from Iraq), Sonora 70, Medicago gigante polypase,

M. maemmana, are the better varieties in cold resistance. Field trials
for forage and seed=yields should be conducted.

-  Pertilizer trials (particularly phoaphorus) ghonld be started with
California Common, Certified Haydom and Moapan 69.

~  Pogsibilities of local seed production have been demonstrated at
Qatrana and line sowing wss dome at Ghuweir (50 dwawms) for the
purpose. This work should be expanded and local seed production

increased.

Swnf lower

Preliminary studies on oil-seeds have indicated the possibilities of
auccessful cultivation of swnflower, Under good management, the crop is
capable of giving high seed yields (150-200 kg/dunum) that contain a high
percentage of oil (40 to 45 percent) of good quality. In addition, the

crop is hardy with comparatively moderate irrigation requirement.

Soybean

Soybean can be successfully grown in Jordan under irrigation but its water
requirements are expected to be high. Freliminary information on promising
varieties and cultural requiremenis has been ceoellected but more work is

needed.
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Rapeg

Preliminary studies of rapes and mustards have revealed their possible
usefulness under the climates of East Jordan as oil-peeds and forage crops.

More research on this category of crop plants is required.

Tomato

Tomato is an important vegetable crop capable of giving very high yields
(2~3 t/aunum ) under good management. FPreliminary varietal testing work
was initiated at Qatrana in order to identify the besti varieties from
among the confusingly large number on sale. This work should be continued

to organize local seed production.

Onions and garlic

Onion and garlic crops were observed to be eminently suited for cultivation
in Jordan and can make a successful use of water and of temperature

conditions prevailing in the hilly and Plateau areas, by giving high yields
(2~4 t/dunum ). Their production in the cowntry should be increased as an

import substitute.

Melons

Melons of good quality can be produced wnder irrigation with high yields
(1.3~2.0 t/dunum ). Since melons can be exported to adjoining comntries in
large quantities at attractive prices, the expansion of this Crop,

particularly sweet melon, is advisable.

Sugar beet

Under good management conditions, it has been shown possible to produce
enough summer raised roots to yield about one {on of processed sugar per
dunums A feasibility study bas shown that sugar production based on winter
beet production wunder irrigation in the Jordan valley and by rainfall in
the Highlands would be viable (Agrar—wmd Hydrotechnik, 1974).

Cotton

Observations on raising American cotton (Syrian variety) at Qatrana were
encouraging. With more work on choice of suitable varieties, good agronomic
handling and pest control measures, it should be possible to raise the crop

successfully and profitably under irrigation. Trials should be continued.
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Oats

Oate grow successfully in Jordan and can produce high yields of forage
during the scarcity months of autwm as well as early summer. Varieties
that are suited to both forage as well as porridge grain manufacture have
been identified. The seeds increased should be utilized in production and

the teating work that was done only for one season should be continued.

Fodder maize and gudax

Fodder maize end sudax have been observed to grow fast and give high yields
(estimated at over 4 t/dumuﬁﬂ wnder good menagement during the summer

Varietal testing should be extended with the available multiplied seeds.

Porage legumes and prasges

Obgervatione on forage legumes and grasses grown in the hills and the
Plateau areas of Bagt Jordan have shown the possibility of successiful

wbilization of some for pasture as well as for irrigated meedows. FPromising

species are Sweet Clovers, Naroborme and other vetches, some Wedic, Qnd $o
some extent, Red Clover, Berseem T@ifolium) and Itelien clovers. Twoomba
Cenexry CGrass, Smile Grass, Rye Grasses and Ryes {(both amnual as well ag
perennial ), Rhodes CGrass and to some extent, Orchard (rass also showed

promise as did rapes (Brassica spp) end Eruca Spp.

Some of the identified species and varieties can be used in planting grass
plua legume mixtures. Further investigaition on the suitability of these

arops to the conditiong of Bast Jordan should be continued.

(freen manures

In the two years of preliminery work usgeful information was obtained about
the most promising green manure crops. Sweet Clovers offer the best chance
of success, followed by Narobonne snd other vetches and cowpeas. Broad

Besns have limited value in the winter low temperature areas.

Cropping pattern in the Desert Platean schemes

Work during 1972 and 1973 eonfirmed the possibility of growing the following

crops in the Desert Flateau under irrigation:
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Cerealss wheat, barley, oats, maize and sorghum.

Orain legumes: soybesn, cowpeag, Tield beans.

Oil~geeds: sunf lower, soybean, safflower.

Vegotabless  tomatves, onions, cauliflowers, broadbeans, melons.
Forage cropss alfalfa, sudax, sorghum.

Other crops: cotion, sugar beet,

Teking into comsideration the existing marketing conditions, the water consumption

and other economic aspects, the following cropping pattern is recommended for the

new irrigated areas:

203»393

Crop ﬁﬁ
Alfalfa A0
Wheat followed by maige 40
Vegetables (winter and summer ) 20

Fruit production in the Highlends

A 12-year old orchard of approximately 100 dunums at Shaubak Government Farm in

the Highlands was studied in regard to the success of different species of fruit frees

and verieties, diseases and disease control and expected yields., It was concluded

thats

From the point of view of the ecological conditions, the development of fruit

tree culture in irrigated Highland areas is possible and advisable.

Climatic conditions {cold winter, low rainfall during the blooming and mild
summer temperatures) are favourable to regular growth and yield, to good quality

and to long storage life of fruits.

Apple is the most suitable fruit crop in deep moils with sufficient infiltration

rate, and which contain less that 50 percent calcium carbonate,
Prime and plum culfure is possible in heavy and calcarcous, deep soils,
In locations lese exposed to late spring frostis, apricot culture is suitable.

In the lese deep and/or calcareous soils grape culture is advisable,

Based on the above observations and on the pariticular climatic and soil conditions

of each of the development areas in the Highlands, the Tollowing recommendations are

mades



() Shaubak, dbu Lisan and Abu Makhtoub areas

Inm the deep soils and where CaCOB ig relatively low, apple, apricot, plum,
cherry and peach are recommended., In the less deep soilg and wheve Ca,CO3

iw high, grapes are recommended.

(v} Udruh end Qurein areas

These areas ere warmer than Shaubak and the rainfall is lower. Only the
deep soils are suitable for prune, apple and apricot. The rest of the land

is recommended for grapes.

(c} Huheida area

The climate is arid and relatively warm. Fruit trees (apple and apricot )
are recommended only in the deep soils where salinity ie not a limiting

factor. The rest of the ares should be planted with amnual crops for some
years till the soils are completely reclaimed and then planied with fruit

trees and grapes.

The following varieties are particularly well adapited to the climatic conditions

of the Highlands:

Apples: Golden Telicious, Rome Beauty, Sterking Delicious.

Peaxes Doctor Bnjot, Coscia, William, Spadona, Abate Fetel, Decana del
Cominio.

Apricots: Caninos, Cafona, Rouge de Roussillon.

Plume snd Prunes: Formose, Burbank Shiro, Santa Rosa, Stanley, Sugar Prune.
Peached: Cardinal, Collins, June Gold, Dixired, Red Cap.

rapes: Regine dei Vigneti, Italia, Hegina Afouz—Ali, Regina Nera.

2edalded Seed production

Jordan spends a large amownt of foreign exchenge annually for the purchase of
crop and vegeteble seeds and other planting material of horticultural wse (fruit iree
nursery plants). The variability and dryness of the climate in Jordan are favourable

factors for local seed production.

The seed production, certification and distribution work should be properly
organized as early as possible. Progressive farmers should be given
jncentives and training in order to develop the sownd seed production that is basic

to any attempts at sgriculturel development.
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2030365 Lamb fattening trials

2ed

Zed ot

2olflo

The lamb fattening trials were held at Qatrana in 1972 and 1973. In both years,
the lambs were obiained on loan from the metbler-trainees at the Qatrana scheme. M
enolosure adequate for 300 lambs wag consirucied, bul it was poseible to obiain only
60 lambs in 1972 and 144 lembs in 1973, Three variations of a barley-alfalfa hay
ration were Fed in 1972:; in 1972 the rations were exclusively alfalfa, either baled
hay or wilted. An athempt to establish a control of lambs redained on desert grasing

was wmsuccessiule

The results of this trials are described in a project technical paper {Appendix 4
(8)). Wo sound conclusions can be drawn but it is recommended that the lamb fatiening

experinents should continus.

CROP WATER REQUIREMENT MDD TRESTING OF TRRIGATIMN METHODS
Oenepal

Water is scarce amd expensive in Fast Jordan and profitable irrigation entails a
careful use of the mvailsble weter. This could be attained by determining through
Pield drials the water reguirements of the differemt crops and by selecting the best
irrigation method, taking into accommt the local conditions and the fact that

inexperienced farmers will be settled in the new irrigation schemes.

Aobivities aimed o introduce modein research bechniques and to establish sound
£ield trials 1o obtain preliminary resulis during the shortened life of the project;
1t was thus poseible to obtain some information on the water requirements of the main
crops. 1t was fortunmate that o number of schemes became operational during the project,

making it possible to test and compare different irrigation methods in pracitice.

Details of the work can be found in & project consultant report {Appendix 4 (47)).

Agro~climatological data

Two apgrometeorological siations were established atl Qatrana, the first late in
1970, outeside the irrvigation development area on bare dry moil, and the mecond in

mid~1972, within an irrigated alfalfa field some 300 m from the previous slation.
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4 terge difference in the evaporaition rates was found between’ the two
meteorological slations. Peak rates of 13 to 14.4 mm/day were recorded over the dry
bare wmoil, whereas over the irrigated field, pesak figures were of the order of 8 4o

L 9.2 mm/day@ Bvaporation rate from a Clase 4 in an alfalfe field was about 64 percent
that of & Class A in the dry bare moil surrownding. Further measurements are necessary
to check and adjust this relationship as well as all the derived figures on crop water

LG o

The yearly evaporsative demand over the irrigated perimeter of Qatrana would be
of the order of 2 000 mm instead of 3 150 mm measured at the dry soil station. For
most crops at full soil cover and wnder no water stress, the peak monthly water use
retes would be practically between the rates of the swmken pen (Colorado) and Class 4
pan, is.es between T and 9 mm/dayw A wminimum of three years measurements are still

neaded to get improved figures.
2efla3 Soils

Soile at Qatrana are silbty loams to clay loams. The average field capacity is
23 percent and the permenent wilting point 13.5 percent. The bulk density is from
1.31 1o 1.51 for the surface 30 om layer and 1.56 {0 1.69 for the deeper layers. The
water available to a depth of one metre ig arowmd 150 mme The infiltration rate is

between 4.5 and § mm/h@ur@ These soil properties affect irrigation intervals as well

as water wniformity distribution, storage snd application efficiencies.

2alkod Desert Plateauw ivrigation schemes -~ crop water uwse and irrigation requirement

2odhollol Crop water use

Pour drainage lysimeters (4 m2 in ares and 1.5 m in depth) were installed early
in 1972 after a period of land reclamation and levelling. A moisiture neuitron probe,
a number of tensiometers, Bouyoucos blocs and meter and sprinkler irrigation eguipment
were introduced. Sixtyfour plots (36 m2 each) were supplied through portable pipes

with measured amounts of water from a calibrated reservoir,
The results obtained on crop water wse are summarized below,
{a) Alfalfa

The 1972 data on alfalfa water use {one year old crop) are of limited use
due to poor snd heterogeneous stand and small percent soil covers With

apot reseeding and additional care, the stand and growth were greatly
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improved and the 1973 data refer o a good crop reaching 60 %0 70 cm

height before cutting, with a complete soil covere The lysimeier yield,
from nine cvitingagwas 89 t/ha of fresh weight. The water use or evapo—
tremspiration of alfalfa (WP-Alfalfa) was First estimated from Class A
rates in the alfalfa field using monthly ratios (ET/Class A) established

in Lebanon. The net water requirvement of alfalfa would be around 1 550 mm.
The value actually measured was 1 430 mm with missing data Tor Januvary and
February and only 44 mm rainfall in 1973. Peak monthly rates of 7.0 to

TeH mm/day occur in July with 6.5 to 7.0 mm/day for June and August and

5.0 to 6.0 mm/day for May and September. These figures were measured on the

lysimeters and confirmed by using established ET/Class A ratios.

A field plot experiment conducted in 1973 with total water applications
ranging beitween 1 110 to 1 475 mm failed, howsver, to show significant
differences in yields. Irrigation scheduling bhased on tenmiometer readings
and depletion levels was nob properly followed., It ig essential o repeat
the experiment for water optimization studien. Due to the calcareocus nature
of the soil, the addition of phosphate or other fertilizer should be
adequate to prevent fertility level from becoming a limiting factor.

Wheat

In 1973, two lysimeters plus their buffer areas and 32 field plots wevre
mder Mexipak wheat. A preliminery conclusion cculd be made that for good
grain yield (5 to 6 4/ha) the water use of wheat is of the order of 650 mm.
Hore trialg are needed to assess the proper peak monthly rates., Wheat
yield incressed almost linearly with incressing water application up 4o

the lysimeter levels.

Maize (after wheat)

The maize was planted late (22 July) end this delayed the vegetation and
the peak water use., TFrost occurred in November and damaged the plants.

Complete enalysim of the experimental data was nol possible.

It is estimated that at Qatrana maize as a second orop (i.e. after wheat)
would need from 550 to 600 mm of water. Resulis from the field plots ere
only indicative and the experiment should be repsated and improved. They
tend, however, %o confirm the figure of 550 mm and that the peak monthly

rate of & mm/day would occur in September,



29

(d) Tomato

Baged an two yesrs of experimentation at Qatrana, on lysimeter and in
field plote, it was found that the water use of a high yielding iomato
crop ab Qatrans is of the order of 900 mm. It is characteristic that the
highest yield was obtained with the largest total amownt of water used,

Further work is necessary fo determine the monthly water use peak rates.

2ollod o2 Irrigation requirement for the selected cropping pattern

2’@{31 eﬁ

Irrigation requirement for the selected cropping pattern in the Desert Plateau
was estimated using the field and agrometeorological data from Qatrana. Monthly
ratios of crop water use to Class A pan evaporation established in Lebanon were used
whenever possible after comparigon and analywis of individual values obtained at
Qatrana. Precision may be expected only after two additional years of continued
erop water use experimenis. The water needs are given in Table 3 for a cropping
pattern with 43% alfalfa, 434 wheat followed by maize and 14% winter and summer

vegotablen.

The data suggest that the snnual gross irrigation requirement for the selected
sropping pattern in the Desert Plateau is 1960 mm and that two peak rates of demand
cccur: in May with 240 mm (7.7 mm/day) and in Auguet with 278.7 mm (9 mm/day).

Theme figures are indicative end the ongoing field experiments are intended to
improve them. The design of irrigation schemes in the Desert Plateau was based on

en ennual gross demend of 1 550 mm end e peak demand of T.5 mm/day, figures that are
sonsiderably lower than thome given above, Thus, the water siress treatments
suggested for alfalfs (JulymAugust) are important and experimentation should continue

in this direction.

Highland irrigation schemes - water use of orchards

n drrigation trial wes initiated in 1972 on apple trees at Shaubak. The trees
are not wiferm either genetically or with respect to their age or growth., Two sites
were seleched and access tubem were installed in a reguler grid pattern for soil
moisture determination. In addition, some tensiometers were placed at 50 and 100 om
depths. The neutron probe was not used and the tensiometers were neither sufficient
nor adequately used or checked. Only ovendrying moisture determinations were made.
Two irrigation treatments were used: (a) pregcheduled irrigation based on Class A

pan, and (v} treditional irrigation as practised previously in the orchard.
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Table 3
IHRIGATIN REQUIREMENT FOR THE SELECTED CROPPING PATTER! I¥ THE DESERT PLATEAU SOHEMES
Wheat +,waMmm Alfalfa Vegetables Total water use Bffective | Gross
(43%) 43%) 14%) (rmm ) rainfall | irrigation
Honth Water Weighed Water Weighed Water HWeighed Yet Gross regquirement
mm mm mm {effic.0.70) mm mm
January 50 21.5 50 21.5 50 7.0 50.0 71.5 16 55.5
February 350 38,7 70 0.1 65 Ge2 78.0 1115 16 95.5
Harch 125 53.8 110 47.3 85 1363 114 .4 163.6 12 151.6
April 170 7361 i35 58,1 109 15.3 146.5 2095 - 209,.5
Hay 175 152 175 5.2 80 175 167:9 24061 - 240.1%
June (100)  42.9 190 1.7 {110) 154 140.0 200.2 - 200,.2
July 85 36.6 230 98,9 150 21,0 158.5 223.8 - 223.8
August 170 7301 215 92.4 210 294 1949 278.7 - 278.7
September 180 774 190 81.7 150 21.0 180, 1 2575 - 2575
Ootober 1060 43,0 150 64,5 90 12.6 120.1 1717 - 1717
Hovember - - 65 28.0 - - 28.0 40.0 4 36.0
December 45 19.4 40 7.2 - - 36.6 5204 13 394
Totel 555 697 162 1413 2 020 61 1959
Hote: Caloulationa for vegetables were based on garlic (winter ,«.mmww%&wv and tomato {summer 4mmm&mwwmwu
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Treatments were applied along six tree rows (thre@ Tows per tr@a@mant) across ten
varietlies each represented by three to nine trees. Due to lack of water op
inadequate irrigetion during the previous years the development of the Sheubak apple
orchard is below normal. The average projected area of the tree canopy is between T

o
and 8 m", the soil cover being between 25 and 3% percent.

Preliminary results indicete that the total water use for a full grown vigorous
orchard at Shawbak (soil cover ,»85%) would be equal to 0.60 Class A value (i.e.
gome 97% mm for 1973)» fmmual reinfall would comtribute from 100 o 200 mm. With
individual basin and controlled irrigation, efficiency could be high. For young
orchards achieving only partial soil cover (30% for example)9 it could be amsumed
that most of the moisture exitraction is taking place from the area under the tree canopy
(plus some 25% meximum additional area outside it, i.e. from 1.25 times the projected
ganopy area), This is especially true with small basine (localized water applications
arownd each ires) and wader low rainfall, which is the case of Shaubalk. Thus the
irrigation requirement for the Shaubak orchard with 30 percent soil cover would be

sround 300 mm, Thie figure should be confirmed before being accepted as final,

Testing of irrigation methods

A series of field trials was carried out to evaluate different methods of
irrigation and $o select the most economical and adaptable to local conditions.
The main objective was to find out the different irrigation parameters and o
determine the irrigation efficiency for each method. Systematic tesis were limited
to sprinkler and basin irrigation. Border and furrow irrigation methods were broadly
tested but no efficiency triale were carried out due to the lack of time. However,
detailed experimental programmes have been prepared and hended over to the comnterpart
irrigation sgronomistes for implementation. A programme for a drip irrigation

experiment was also prepared.

1 Sorinkler irrigation tesis

Detailed records of wind valboity and direction started at Qatrana in 1970 and
gt Udruh in 1971 with the installation of two wind recorders snd the use of totaliger
snemometers, Analysis of the wind data led to the conclusion that night time sprinkling
is espential and that the total averags daily sprinkling period is about 14 hours.

The predominant direction of wind {when velocity is higher than 4 m/sec) is W and NW,
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4 number of sprinkler tesis were carried out during the 1972 suwmmer in a 2.5 ha
glfalfe field at Qatrana. It was concluded that with single nozzle sprinklers, the

best resulits were obtained with & 12 m x 18 m spacing, 3/16 in nozzle and 2.5
atmospheres nozzle pressure. The irrigation efficiency was estimated {0 be about
76 percent uwnder wind velocities below 4 m/geco The work was continued at Wadi Abyad

Pilot Project during the winter 19?2/73° The results obtained are discusged below:

(a)

(v)

Water losses (L)

L) = Qgﬂx 100

Where: d = average depth of walter calculated from the discharges of

the sprinklers (theoretical application);

m = actual application, i.e. mean depth of water of all catching

cans .

For normal climatic and operational conditions (appropriate nozzle size
and pressure) the water lossmes ranged between 10-17 percent. It was found
that water losses are almost linearly related to wind velocity with value

of 4 percent losses for each meler per second wind velocity.

Uniformity coefficient (C.Uo)

' >
Colle = 100 150 = = x)

1o

Where:s m = mean depth of water of all catching cans;
Ei(mmx) = sum of deviations, in absolute valuee of depth of water of
each can from the mean m;

n = number of cans

High C.U. values (89%) were obtained with Wright Rain Perfect, two-nozzles,
27“50 sprinklers with 4.5 wm renge nozzle and 2.3 mm spreader nozzle when
wind velocities were below 2 m/sec» Collo 78% was obtained with velocities
between 2.9 and 4.2 m/sec. With high wind ( 7 m/sec) the C.U. dropped
below 60%. The following linear relation was found between C.U. and wind
velocity {in the range 1.0 = 7.7. m/sec )s

Colle = 9507 = 4,91V, with V = wind velocity in m/sec.
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(¢) Pattern efficiency (P.E.)

100 x depth of lowest 25% of all caus

Pole mean depth of all cens

Setisfactory pattern efficiencies were obtained at Wadi Abyad from the
sprinkler irrigation desoribed above when 83.5% of wind velocities

were below 2 m/sec.  With wind between 3 t0 4 m/secy ‘the P.E, fell to
68% end decreased to 44% at T m/sec.

The above consideratione on water losses, uniformity coefficients, patiern
efficiencies and prevailing wind conditions confirm the conclusion that
night sprinkling is essential and that the normal sprinkling period should
be from 18,00 +ill 08,00 h. Estimated spray losses (Frost andkSchwalen
nomograph) were of minor importence (3-5%)under low to moderate wind and

reached 8.5% wmder windy conditions (7 m/ﬂaa)@

(d) Oversll efficiency

Becalling that the overall efficiency for the sprinkler scheme could be
defined as:
1t ey + ey

ratio of the amowmt effectively stored in the root-zime to the

=
=
&
=
@
E

smount delivered to surface of the arves to be irrigated;

e = yabio of the amownt delivered into the swrface of the ares to
be irrigated to the total diecharge of the sprinklers over

that area;

e, = ratio of the amowmt delivered to the area to be irrigated to

the amownt delivered at the head of the schemey

the overall sprinkler efficiency wder controlled irrigation would be

between TO and 75 percent.

Pedlobial Basin irrigation tests

Experiments were carried out in four alfalfa basine at Qatrana during the years
1972 and 1973, The mize of the basing varied from 1 260 to 1 530 mgg which is about
the average for the project {100-200 m long, 12 m wide). Flow discharge into the
baging measured by a Cipoletti weir varied between 30 to 70 mB/haur; water applicam

tions were between 54 end 92 mm.



HSodl moleiure wes determined by ovendrying befors and three days after irrigation
at 12 predetermined sites {four emuidimiant points along the basmin with three
squidistant points mcross the width). The =oil hes a relatively low infiliration
rate (4.5 to 5 mm/h}a Wo systematioc difference was found in the depth of water
applied to different parts of the basin. Application snd gtmrage‘@ffici@ucie@
therelore were caleulated on the assuwaption that individual observatioms of depths
of water are equally representative and form a2 normal distribution. The desived
application depth for each irrigation was defined as the amount of water applied to
B0 percent of the basin ares, assuming that wmder—irrigation is tolerated in 20 percent

of the area.

The distribution efficiency was caloulated from the expression:

Cols = 100
{(2:40Ta1)0

previougly defined wder sprinkler tests

The water application efficlency was defined ag the ratic of the desired
application depth (water slored in the rootzone) to the actual depth applied. The
water storage efficlency was defined as the ratio of wabter stored in the rootzone %o

the water needed in the rootzone.
The following resulis were obtained:

{a) The wmiformity distribution (CeU.) was high in a1l trials and in both
years. The wellwlevelled basins selected, and the low soil infiliration
rate al Qatrana and the flow rates adopited, all tend to justify these

high wvalues.

(b} The storage efficiencies were very high (about 95%) in both yesrs and
application efficiencies were high (between 60 and Bﬁﬂ)& Only minor deep
pereolation losses are o be expected wider controlled irrigation with
low infiltration rates, relatively small water applicabion depth, and a
three week irrigation interval. In 1973, the alfalfa was two years old
with a deeper voot system; so growth and wmiformity were greater and

modlgture extraction was more wiiform and deepar,

It is concluded that wder good conditions {low infiltration rates, controlled
irrigation, good land levelling, stc.) the overall irrigation efficiency for basins

should be &5 percent,



35

2o ool Border, furrow and driv ivrigation

No resulis are as yet available on the border, furrow and drip irrigation methods.

Ten borders 175 wm long, 10 to 15 m wide with 0.2, 0o and 0.6 percent slopes
heve been constructed at Qatrana and sys now wder a wheat crope Trials on irrigation

efficiency sre expected to start in sumer 1974.

A drip drrigation site has been meleched at Al-Hussein Station. Wobter is
available al an accepiable pressure (reservoir). Fruit trees, mainly peaches, are
wiiforme The proposed irrigation experiment comprises three irrigation treatments
{drip, individual basin and control-unirrigated) in three replicates (three rows of
9 to 10 trees each with three varieties). A minimum of three wniform trees per
variety is suggesied and three levels of fertllizer application in order to optimize

or maximize yield with respect to water inpub.

DESIGN OF IRRIGATICN SCHEMES
General

The design of irrigation schemes was en impordent projeot activiiy. The main
boelk was to provide the Covernment with the final design of new schemes for
implementation through bilateral aid financing and %o train Jordsnisn couwnterparts

in the design work,

The project was able to produce final deaig&eg contract documents end drawings
for six irrvigetion schemes as well as preliminary designs for seven schemes, The
design of several irrigation schemes provided more accurate data on the costs which
have been used in the preparation of the owverall Plan for Irvrigation Development in

Bast Jordan.

Several problema of a technical and economic nature, related to irrigation
development, bad to be solved before finalizing the design work. Becsuse the data
retuired for the analysis of these problems could best be acquired from analysis of
particular schemes end because there was pressure from the Governmment for the design
of certain schemes for which financing possibilities wers in view, it was decided %o
work simulteneously in the design snd in solving problems common to all or several

pehemes. However, this decision entailed frequent revisions of the design work.



24502

36

To accelerate design work, a topographical map of scale 1:2 500, covering an

area of 22 000 dunums, was prepared through a local sub-contractors

Problems related to irripation development

The following technical problems related to the design of irripation schemes
were examined in detail and have been the subject of special working and technical

papers (see Appendix 4B and C).

2:50207 Choice of plant for deepwell pumping

There is no high tension supply in any of the area suggested for irrigation
development. Nalional grid power could be a possibility for the future but the load
would have to justify the extension. Bearing in mind the posgibility of national

geid power in the future, the following alternative power supplies were congidered:
(a) A central power station for all, or for several, of the proposed
schemes.
(b) Individual scheme power stations.
(¢c) Diesel direct-drive for pumping.

The above three solutions were examined in detail by the project {mee Appendix 4
(35, 49)) 1/ and the following conclusions were reached:

- In Highland schemes the choice of power supply is relatively sitraightforward

A central power station, which canmot be envisaged wntil there are sbout 25
wells, is appreciably more costly than either of the other alternatives.

Diesel direcit~drive is cheaper than power stations for individual schemes up

to about 10 wells, In the Shaubak-Ras en Nagb area, the number of wells in

any individual schems does not exceed the above figure, even at full development.
Diesel direct-drive power should therefore be used in these schemes. The sole
qualification to this conclusion relates to areas like Shaubak, where the surface
discharge head is important. In such cases, a detailed comparison must be made
between diesel direct-drive and a power station for the particular scheme, In
the Ghuweir and Adir areas, the distance between the areas is more than 3 km so

that two power stations would be required with low voltage transmission,

1/ & full discussion of the power alternatives is given in Medium Term Plan for
Development of Groundwater Irrigation in Bast Jordane
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In each area, the number of wells will be from 7 +o 14, depending on average
discharge of 200 or 100 m3/hour0 There will therefore be similar costs of

diesel direct-drive end mcheme power stations, with the difference increasingly
in favour of the latter beymd 10 wells. In these circumstances, scheme statioms
are to be preferred in view of the relative ease of an event&al switch-over to

gupply from the national grid.

= In the Desert Plateau schemes, the choice of power supply is more complex. Where

one operator can handle a well pump and a booster pump, diesel direct-drive is
the cheapest solution. DBut the sigmificance of staff costs is such that, where
& separate operator is required for both the well and the boogter puinp, diesel
direci-drive is the most costly solution as soon as there are three or more wells.
In the majority of cases the distances between well and booster pumps will
require an operator for each, and all schemes will have three or more wells.
Scheme electric power will therefore usually be cheaper than diesel direct-drives
Of the two electric alternatives, the central power station cannot be envisaged
wtil there are about 18 wells. And even at that point, & power station for
each of four individual schemes of five wells will still give lower wnit power
costs than a central power station serving the 20 wells. "The rate of decline in
wit coste of a central power station with more than 18 wells has not been
examined, but it will cerfainly be slow. Bearing in mind the possibility of
national grid power in the future, it appears that power stations for individual

schemes are to be preferred over central power stations serving several schemes,

The above discussion has been limited to power supplies for irrigation. In the
Desert Plateau area, the other demands are smallz except for the phosphate mine. In
Highlend areas, however, there are demands for domestic use, some light industry, eand
domestic water. It hes been shown that the lrrigation demand alone is not sufficient
to justify a central power supply. But if that demand were taken together with other
existing and foreseeable demands, there might be a sufficient load to justify s

sentral power supply, probably based in Ma'an.

2eBal e Optimun discharge of welle

The determination of the discharge of wells in any irrvigation scheme is of
particular importence since 1% has an effect on the pumping cost per cubic meire
of water. It ig evident that by increasing the discharge of a well an increase of
the pumping 1ift (due %o the increanse of the drawdown ) will occur and conseguently
an increase of the operstion cost. On the other hand,; high yield wells mean that
less wellp are needed for the irrigation of the same ares and conmequently reduced

capital cost.



38

The determination of the optimum discharge of & particular well, i.e. the

digcharge which gives the lowest cost per cubic metre of water, was made by using

linear relations for capital cost/power and annmual coat/power and with the following

variantse:

(a) depth of well;
{b) depth to static water level;
(¢) specific capacity of well;

(d) time of pump operation per year.

The following three formulas were developed by which the optimum discharge of

a well can be approximately determined:

« Case of a shaft pump equipped with a diesel direct drive engine:

Qopt

\/ £l$332b 4 9B0d  + 25.45T + 07 500) 60 3C

1.94T + 600

- Case of sn electric submersible pump powered be an individual diesel

generators

Q

opt = \/ (13320 + 9603 & 20.7F + 629 000) 75 80

5.60T + 1 350

- Case of a nuwber of wells equipped with electrical submersible pumps, powered
by a central diesel generator:

Qopt

Wheres

Qopt

D

\/ {7 332D + 980d + 9,67 4 271 000) 75 SC
2,47 + 1 308

optimum discharge of well in m%/h

total depth of well in m

depth to water table in m, plus 3 m for friction losses
in the well

time of pumping per year in hours

specific capacity of well in m3/h/m

Several assumpiions and simplifications were made in the development of the

above formulas, the most imporitent being the linear relation of the drawdown to the

discharge which is true only over a relatively small range of discharges. Thus the

optimum discharge determined from the above formulae has only an indicative value

and a more accurate calculation should be made for each particular case on the basis

of the actual characteristics of the well,
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2eFHoded Choice of reservoirs

Due to the wind conditions in the Desert Plateau, sprinkler irrigation cen only
be applied with a high efficiency (0.70-0.75) at night between 18.00 — 08,00 h.,
Similarly, in the Highlands, conbtour—furrow irrigation can be applied only during the

daylight, i.e. a maximum of 14 hours a day. With a peak irrigation application day
of 14 hourg, there is a choice to be made between:

(a) pumping at & given rate to a storage reservoir for the highest number
of hours per day;

(b) pumping at a higher rate to & balancing reservoir for 14 hours per day

to provide the same quantity of water am in (a).

It must be assumed that the well characteristics will allow the choice to be
made. The actual case of provision of 6 hours storage (i.e. pumping from the well

for 20 h/day) has been examined in detail., The conclusions are:

« there is little cost difference between the two altermatives For Highlsnd

schemes §

« the cost differences in the Desert Plateau schemes relate to well characteristics

and each cage must be examined individually:

« ‘there are non-cost adveantages {o storage reservoirs which mey be summed up

as overall operation flexibility.

It is conmsidered that storage reservoirs are degirable for both Desert Plateau

end Highland schemes,.

There is a choice in the type of storage reservoir. In practice the choice iw
between concrete reservoirs op bubtyl-lined earth reservoirs, It was found that

3

conoerete reservoirs are less costly up to capacities of about 2 000 m” and are also
sagier to construct. It is considered that concrete reservoirs are to be preferred

for moat of the irrigation schemes.

2s5edod Choice of convevence sysiem and irrigation method

{a) Discussion

The choice between conveyance systems of canals or buried pipes was
axamined. Water losses and management problems of earth canals combine to
sliminate this system. TFor small discharges, the capital costs of concrete-
lined canals ere slmost similar to those for buried asbestos cement pipes

but the annual costs of the former are higher.
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For the Desert Plateau schemes the border strip method of irrigation was
compared to basing. The capital costs of both methods are similar.

Mmmual ocosts of border strip might be lower than for basins, but higher
skills would be involved, an imporiant consideration when the setilers are

inexperienced.

The choice from the above methods is therefore a combination of buried
pipes and levelled basins. This method was compared with sprinkler
irrigation. The comparison shows that the direct costs (amortization,
maintenance and supervision) of sprinkler irrigation are always higher
than buried pipes and basins, but the latter involve higher labour
requirements. The indirect coste (land losses, irrigation efficiency,
farm machinery efficiency, elimination of night work, and delays in
completion of construction) of sprinkler irrigation are less than buried
pipes and basins, Taking account of both direct aﬂd indirect cosis,
sprinkler irrigation costs are slightly lower than basins for Desgert
Plateau schemes but much higher for Highland schemess The labour inputs
for gprinkler irvrigation are lower for both Desert Plateau and Highla?d

schemes s
The cost and labour comparisons are summerized in Table 4.

Table 4

COMPARIS(N OF COSTS AWD LABOUR INPUTS FOR SPRINKLER
AND BASIN IRRIGATIQY SYSTEMS

Desert Plateau schemes Highland schemes

basin sprinkler bagin sprinkler
Initial capital (JD/dun) 42,0 42,0 36.0 45,0
Direot costs (IJD/dun/yr) 507 Tob 4.7 Te3
Indirect costs (JD/awm/yr) 1541 11,0 462 363
Labour (man=h /dwn/yr) 18,0 10,0 52,0 7.0

In conclusion, sprinkler irrigation ig preferred for all Desert Plateau
schemes and contour basin irrigation is preferred for all the Highland

schemen,
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Recommendations

Baged on field trials carried out by the project and the experience

gained from the operational schemes the following recommendations are

mades

(i)

(i1)

Sprinkler irrigation - Desert Plateau schemes

« Rate of application: 6 —~ 6.5 mm/h (in average 6.3 mm/h)
~ Spacing of sprinklers: 12 x 18 m

~ Discharge of sprinklers: 1036 m3/h

-~ Hetted radius: 14 = 145 m

- Sprinkler nozzles: one nozzle 4.76 mm diam.

= Operation pressure: 2.5 atm on average

- Diameter and length of laterals: 75 mm (3 in) diam.end 198 m
length. The total length (net) of the irrigated strip will be
204 m

-« Number of sprinklers on each lateral: 17

= Discharge of each laterals 23 m3/h

= Area served by each lateral: 3 670 m2 or 3,67 dunums

-~ Risers: 0,60 m for normal crops, 1.50 m for maize and morghum

-~ Pressure regulators: Where the topography is wmeven the use of
individual pressure regulators is recommended to be installed
at each sprinkler

= Required pressure at the hydrants: 3 atm.

~ Hydrants: Diameter of riser pipe 75 mm (3 in). Hydrants will
be placed at intervals of 54 m

= Auxilliary line: Mn suxilliary line of 18 m length and 75 mm
diameter will be used to serve three positions of the lateral

from each hydrant.

Surface irrigation — Highland schemes

- The suggested method is the contour—furrow with individual basins
for fruit trees and contour-furrow for grapes

« Orchard valves will be placed at 50 m intervals on the buried
secondary pipelines. The recommended length of furrows is 100 m

but in some cases up to 130 m is acceptable.
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-  Small individual basing will be constructed arvwnd each tree.

The mize of the basins will be graduslly increased with the
growth of the trees. Contour furrows will be consiructed midway
between the rows of trees at intervals of 4 o 6 mo Water will
be sonveyed from the furrows to the basins through plastic syphons
or by opening the earth bank.

—~ Discharge wit of the orchard valves will rangé between 20 to 40
m3® Water will be diverted from the walves to the furrows through
portable gquick coupling pipes«

- Tor grapes it is suggested that two contour furrows be consiructed
between the lines of grapes. By using plastic pipes the discharge
mit will be divided into four to six furrows to reduce the siream

in each furrow and avoid the risk of erosion.

2050265 Layout of pipelines

Some principles have been established for the layout of pipelines by comparing
the capital and axmuval cosis for different layout solutions. Because of the many

agsumptions made, these principles should be congidered only as guidelines.

The principles are the following:

{a) Desert schemes

= When the slope is zero or negligible +the most economical layout solution
is to have four parallel pipelinesfor each well, distent 414 my two
from one side of the well and two from the other mide,

-~ When the slope is more than 0.6 percent, two or three parallel pipelines
following the slope and distant 414 m should be used.

= The recommended length of pipelines is between 500 and 1 000 m.

{b) Highland schemes

= When the slope is 2 percent or more, the most economical layout solution
is to have four parsllel pipelines for each well following the slops snd
distent 206 me

« The recommended length of pipelines is approximately 1 000 m,
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2650246 Selection of diameter of pipelines

2@593

2e504

The selection of the diameter of pipelines should be based on the comparimon
between cost of pipeline end capitalized cost of energy for friction losses in +the
pipeline,

On the basis of the assumptions made for the demert and highland schemes,
detailed tables have been prepared giving the economical diameter of pipeline for

different discharges and longitudinal slopes (Appendix 4 (23)).

Preliminary desipn of irrigation schemes

The preliminary designs for seven irrigation schemes, prepared by the project,
cover a net irrigated area of approximately 25 000 dunums. The purpose of these
designs was to determine the irrigable area of each scheme, to examine the different
solutions and select the most economical to determine the best location of wells from
the engineering point of view, and to estimate the approximate cost. For the prepara-

tion of the preliminary designs the following data were used:

- topographical map of scale mot less than 1:10 000;
- go0il recommnaissance or semi-detailed soil survey of the same scale;

- @all available information on the hydrogeology of the area.

The schemes for which preliminary design was prepared are shown in Taeble 5.
For some of these schemes final designs were prepared later and changes were made in

the design concept in accordance with the conclusions of the general studies.

PMinal design of irrigation schemes

The project produced final designs for six irrigation schemes for immediate
implementation. The schemes cover a total net irrigable area of approximately

11 900 dwmums.

Work on these designs gave to the project sitaff the opportunity to examine in
detail and compare all the possible technical solutions and to acquire precige data
about the cost of the schemes, used later in the preparation of the "Medium Term Plan
for Development of Croundwater Trrigation in East Jordan™. For the counterparts, the
tmodel final designs® will be of great use in future work. The designs are accompenied

by all the drawings and contract documents including technical specifications and bid

schedules.
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Table 5
IRRIGATICN SCHEMES FOR WHICH A PRELIVMIVARY DESICGH WAS PREPARED BY THE PROJECT

Het Existing wells Additicnal Suggested |Suggested water | Comsiruc—
Hoe | Scheme Location irrigable required wells lirrigation distribution tion comt
area Hoe Total Hoe |Total method systen
discharge mwmwwmﬂmm
(dunum) (m3/n} (m3/n) (aD)
i Siwaga H\ Desert 2 700 2 420 2 530 Borders and] Open concrete 200 000
Plateau furrows canalsg

2 Wuheida 1/ | Highlands 2 000 3 670 - - Contour ied 150 000
basins pipeliines

3 | Shaubak 1/ | Highlands 3 620 3 800 1 250 Contour Buried 250 000
furrows pipelines

4 Udruh Highlands 3 100 2 400 2 500 Contour Buried 230 000
farrows pipelines

5 Gursin Highlands 8 000 2 400 10 2 000 Contour Buried B840 GO0
furrows pipelines

) Aou Makhtub | Highlands 2 100 2 500 - - Contour Buried 174 000
furrows pipelines

7 Qatrana Deserit 3 300 2 400 3 500 Rasins Buried 320 000
Extension 1| Plateau pipelines

TOTAL 24 820 16 3690 18 3 880 1 964 000

M\ Schemes for which final design was prepared later.
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Table 6

FOR WHICH FINAL DESIGN WAS PREPARED BY THE PROJECT

Het Existing Wells Suggested Suggested | Suggested water
Ho. Scheme Location Irrigable | No, Total pumping irrigation distribution
area di mwﬁmﬁ»mm plant method systen
( dwnum) (n?/n)
1 Siwaga Desert 2 700 4 1025 Central Sprinkler Buried
Plateaun generator pipelines
1 050 ky
23 Sultani {Central Desert 2 725 4 1 060 Central Sprinkler Buried
and Bast) Plateau generator pipelines
900 k¥
4 Abu Lisan Highlands 1170 2 400 Diesel Contour Buried
direci- furrows pipelines
drive
shaft
pumps
5 Wuheida Highlands 1710 2 570 Diesel Contour Buried
) direct- furrows pipelines
drive
shaft
pumps
6 Shaubak Highlands 3 600 4 1 000 Central Contour Buried
generator | furrows pipelines
250 ki
TOTAL 11905 | 16 4 055
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For the preparation of final designs the following data were useds

~ Topographical map of scale 1:2 500 with contour intervals 1 m.

- Detailed soil survey and land classification of the same scale.

- Testing date of wells {all the reguired wells for the irrigation of the
scheme were drilled and tested before the preparation of the final design).

- All the available information on the hydrogeological conditions of the area.

w All the available information on the sgroweconomic and socio-economic conditions
of the area.

= The results of all studies and field trials carried by the project.

All the schemes for which a final design was prepared (Table 6), have been
included in the 3~year CGovernment Plan for implementationi the required funds are

estimeted at JD 2.07 million (Table 7).

Table T

FUNDS REQUIRED FOR TMPLEMENTATION OF THE IRRIGATION SCHEMES
INCLUDED IN THE 3-YBAR GOVERNMENT PLAN

Vet Total funds regquired (JD)
Woe Scheme area O farm Initial
(dunum)  |Construction 1/ |development |operations Total

1 Avu Lisan 1 170 92 000 50 000 68 000 210 000
2 Wuheida 1 710 108 000 T6 000 107 000 291 000
3 | Shaubak 3 600 2/ 325 000 2/ 155 000 2/ | 216 000 696 000
4 Sulteni ;

Central g 2 725 238 000 68 000 108 000 414 000
5 Sulteni

Bast
6 | siweqa 2 700 281 000 3/ 68 000 110 000 459 000

TOT AL 11 905 1 044 000 417 000 609 000 2 070 000

4/  Excluding swunk costs (already spent).

g/ Approximete figures (final design not yet completed ),

;/ Including spare generator to be shared with Suliani scheme.

The above table shows that the project gave the possibility to the Government

for an immediate investment of about JD 2 millions.

Additional long term inveastment

possibilities are given by the Mediwn Term Plan Tor Development of Groundwater
Irrigation in East Jordan (see 2.9),




47

2.6 SUPERVISION OF CQUSTRUCTICN AND OPERATICN OF IRRIGATION SCHEMES
25664 General

The project provided technical advice and assistance o the Covernment in the
comstruction and operation of new irrigation schemes, Thig activity gave the
opportunity to the project staff to evaluate in practice the different techaical

golutions, %o check the cost estimates and to improve the design work.

Of the schemes designed by the project, only the Qatrana South was implemented
during Fhase IT, Technical assistance was provided by the project during the
congbruction phase and later during the land preparation phase. Some complementary
works for the existing Qetrana pilot scheme were designed and their construction

superviged.

26,2 Construction of Qatrana South scheme

The Qatrene South scheme, with a net irrigated area of 700 dwmums, ig an
extension of the Qatrana North pilot scheme implemented during Phase I. Except for
minor changes in the water dimtribution system, the same design principles were
applied in the two schemes. Two wells of a total discharge of 240 m3/h equipped
with diesel drive verticel shaf't turbine pumps are used for the irrigation of tﬁe
scheme. The digtribution system consists of buried asbestos pipes to which alfalfa
valves were installed at 25 m intervals. B&sim irrigation is applied, the basins

being of 100-130 m length and 12 m widthythe same dimensions as Qatrans North.

The construction of the civil works and the supply and installation of pumps were
done through lecal contractors under the supervision of the Irrigation Department of
WRA, on the basis of the design prepared by the project. During the consiruction
period the project provided assistance in superviging the work and in adjusting the

design to the field data.

The land preperation (lend levelling, construction of besins) was done by the
Engineering Depariment of the Ministry of Agriculiure on the basis of a levelling
plan prepared by the project. Six dractors and lend levelling equipment were provided

by the project for this work.

The construction of the scheme was completed in early 1974 and at the time of

writing (Jwne 1974) the basins are being prepared for croppinge
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Supervision of the operation of irpigation schemes

Tn addition 4o the Qatrana Worth pilot scheme, three irrigation schemes on the
Desert Plateaun,implemented and financed by British Aid, became operational during
thase I1: Wadi Abyad ot 500 net irrigated dunumg,Ghuweir of 500 net irrigated dunums
and Tell Burma of 1 000 net irrigated dunums, - Although the project was not directly
involved in the implementatiom of +these schemes, technical assistance was provided
to the Government by the project staff in solving operational problems. Again the

experienced gained was used in improving the design work and the cost estimates.

Supplementary works at Qatrana North pilot scheme

After two years of operation of the Qatrena North scheme a detailed study was
carried out by the project to evaluate the different elements of the scheme and to
make suggestions for improvement. Supplementary works were designed and constructed
wder project supervision and as a resulit a better water comtrol and flood protection

has been obiained.

The construction of concrete open canals for experimental purposes atl Qatfénm,gavm
the opportunity to obltain acouwrate data of their cost and o compare them td the
buried pipes. It was concluded that for small discharges of 100~150 m3/h there‘ié no
gignificant difference in capital cost between concrete open canal and buried ashestos
pipes but the maintenance cost of the former is higher. This cost comparison and the
faet that buried pipelines present smeveral advantapes for water manscement led to
the conclusion that buried pipelines should be chosen in all the schemes suggestbed

for irrigation development.

AGRC-ECCHOMIC AND SOCTO-ECCHOMIC STUDIES
General

The primary purpose of the agro-economic studies was to obtain the information
required to assess the feasibility of the proposed irrigation development schemes,
The studies were consequently oriented to obtain and analyse data on (a) yields,
cogts and prices of the main crops and livestock; (b) cogte of pumping and delivery
of water; (c) potential markets and marketing facilities; (4) socio-sconomic

conditions of settlers. An estimate of the nomadic and semi~nomadic populations in

- Bagt Jordan was also compiled. The agro-cconomic studies carried out wider phase T
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of the project were 'farm management! oriemtated. Theme date laid the besis for
feasibility reports for individual irrigation schemes suiteble for loan applications
to international financing institutions (2.8). The Medium Term Plan for Development
of Groundwater Irrigation in East Jordan is the synthesis of all the techmical, agro-

aconomic and spoclio-economic studies carried out by the project (209)¢

Previous agro-economic situdies under phase I of the project are given in JOR 9
Technical Report 3 (FAO, 1972a).

Data on main crops end livestock

Data on yields, costs and prices of the main crop and livestock possibilities
were assembled end analysed. The improvement in basic data was a continuing process as
field work progressed eand as more information was obtained from neighbouring countries.
Hajor revisions in basic agssumptions are summarized in working papers. Improvements
in the data and their analysis have been incorporated into the assessments of
individval schemes. Particular efforts were made in devising sound farm machinery
cost estimates. The moamt serious deficiency in basic data lies in the teclnical

coefficients of lawb fattening and seasonal meat price movements.
For the Desert schemes, the finally established crop costs and major inputs are

given in Table 8 and the gross and net revenues in Table 9

Table 8

CROP COSTS MAND MAJOR INFUTS POR DESERT SCHEMES

Ihem Wheat Maize Alfalfa Tomato Onion
Supplies (I0/dvnum) 2,68 4414 0.50 10.46 7030
Machinery except harvest " 1.67 1.07 0,40 0,81 0.75
Stand establishment " s - 2,04 o -

Harvest w O.T1 1,02 4.27 e o

Cont except labour and water w 5,06 6623 T.2% 11627 8.05
Labour (man/hour/dunum ) 8 25 16 132 122
Water  {m>/dunum) 694 710 1791 856 384
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Table 9

GROSS AVD WET REVENUES FOR DESERT SCHIRMES

Ttem Wheat Maigze Alfalfa Tomato Onion
Normal yield  {kg/dunum) 450 700 1 750 2 400 2 000
Gross revenue (JD/dunum) 18.0 23.5 29.8 4302 36.0
Crop coste except labour (JD/dunwum) 9.2 1065 1769 16.4 104
Vet revenue (Ip/ dwram) 9,7 13.0 11,0 26.8 2545

For the Highland pchemes,apples and grapes are mainly recommended with interwrow
potatoes in the first two years. Because of the complexity of the problem, the
economics of Highland schemes have been examined only on the basis of internal rate
of return, taking into accowmt the total annual costs (including scheme costs) of a
‘model scheme' for the whole life of the plamtations. For both apples snd grapes,

farm-gate price estimates are JD 40/% and yields at full production 2 %/&unum,

2aTsl3 Comt of pumping and delivery of water

Data on costs of pumping and delivery of water were assembled and analysed, and
records of existing operational schemes were sxamined in detail. It became necessary

to examine in depth three fundamental technical choices:

(a) the method of irrigation, which reduces to a choice between levelled

basins and gprinkler irripation:

(v} the sysiem of power for pumping which, in practice, inveolves a choice
between diesel direct-drive vertical shaft pumps and dissel generator

electric driven submersible pumps:

{e) the mize and type of reservoirs.

This involved detailed study of existing examples of +the wvarious possibilities

and, for (a) and (b), lengthy correspondence with manufacturers.

Many cases were examined in both Desert Plateau and Highland areas, Tt was
possible to establish the cost of water pumping as a funcition of the discharge of
wells, 1ift pumping and time of annual pump operation. The average cost of water
pumping, at the outlet of the pumps, was calculated as 6 fila/mjm This cost was used

in the economic snalysis of the schemes.
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2oTed

Potential markets and marketing facilities

Potential markets, marketing facilities and marketing charges were determined.
There is a wealth of basic statistics in the comtry, but they contain many contradice
tions and have not been fully exploited by government agencies concerned with
marketing. Accordingly, commodity balances were drawn up for meny commodities, and
the available data on products of particular relevance to groundwater schemes were
carefully scrutinized. Frequently, this involved going back to the original un-

processed data. Conclusions are summarized below.

RoTed el Hiehland schemes

Among the several species of fruit trees that can grow in the Highland schemesn,
apple and grape are predominant from the marketing point of view, both in terms of
total amnuval consumpiion and the scope for import substitution. The actual domestic
consumption i estimated at 20 000 4 Tor apple and 8 500 + for grapes, while the
By 1985 the
consumption is estimated to increase, as a result of population growth and increase
income, to 43 000 t for apple and 18 000 %
irprigated areas required to eliminate fruit imports by 1985 are estimated at some

30 000 dunumg (Table 10).

present domestic production is 2 000 4 and 7 500 4 respectively.

in per capub for grapes. The new

Table 10

TRRIGATED AREA REQUIRED TO BELIMINATE FRUIT IMPORTS BY 1985

Present Domestic Present Additional Assumed Required
Fruit domestic | demand domestic production irrigated irrigated
demand in 198 production |required yield aresa
{tons) (tona? (tons) (tons) (tons/dunum ) {dvmum )
Fomy 1 100 2 100 300 1 800 1o 1 100
Peach 1 000 2 100 600 1 500 1.2 1 300
Plum 1 500 3 200 2 000 1 200 1a1 1 100
lpricot 1 200 2 600 800 1 800 1.0 1 000
Apple 20 (00 43 GCO 2 000 41 000 2,0 20 000
Crapes & 500 18 000 7 500 10 500 2.0 5 250
TOTAL 29 150




There would be no likelihood of increased domestic fruit production from elpe-
where in the country to compete with proposed production from the Highland irrigation
sehemes, It should, howsver, be possible to export apples from the Highland schemes

to Saudi Arabie, snd the marked should reach some 10 000 % by 1985,

It therefore appears that the fruit production programme in Highland schemes
should put the maximum possible area to apple, and the most appropriate other fruits

in the areas wnsuitable for apple,

On the basis of ‘prices most often recorded’' in the Ammon wholesale market, it
is concluded that the on-farm harvest price for apples will be JD 40/tﬁ It is also

congidered that the on—Tarm price for late prapes will be JD AOfte

2 Degert Platean schemes

Curvent investments in irrigation in the Jordan Valley are plammed not only to
increase the oubtput and quality of winter vegetables, but also to develop a more
effective rotation and to include potato and maize in the cropping pattemn. Whereas
irrigated products in the Jordan Vallsy and the Degert Plateau ares have previously

been seasonally complementary, they will in the fudure be increasingly competitive.

The people likely to be recruited to groundwater irrigation schemes in the
Desert Plateauw ares have considerable experience in shesp production. This provides
a simple but powerful argument for giving priority to the production possibilifies
of these animale. Dairy snd egg production could be compebitive but would regquire

speclalized management.

Thus & process of elimination of possible import substituter leaves for the
Desert Plateauw schemes cereals, fodder and some vegelables. Wheat and barley could
both be produced in the ares but while they have similar production costs, barley

produces lower yields end at & lower price.

(i} vheat and sorpghum

Bvenn if there were a substantisl increase in irrigated whead production,
the couvotry would remain & net importer of wheat, The onefarm price of
hard wheat grain has been held at about JD 32/% by government intervention
in the market by the sale of imported wheat at less than world price
levela. It is proposed that whereas the 'Financial! value of soft whead
grain is JD 30/4 on~Larm, the ‘economic' value of soft wheat grain is

JD 36/%.



The market for maize grain in mainly for poultry feed. The almost wholly
imported supplies have arrived into-mill st about JD 28/% (vagged) in recent
years. Ime to govermment interveniion in the market, and despite large
Inoreases in world price,the into-mill price has remeined virtuslly unchanged.
The volume of imporits of maize im about 25 000 t/y@&raThis is equivalent to
about 40 000 irrigated dunume. It seeme probable that the cowntry will

remain & net impeorter of maize for‘a long time, and the world parity cost

of JD 33@5/% on-ferm is taken for economic analysis.

The market for sorghum grain is the same as for maize and the market value

of the crop is similar.

(11} Fodder and lamb fattening

The basic idea of fodder production is to fatten lambs which would be taken
off the rangelands in March-April. The seasonality of lamb fattening
suggests that the feed preoducing asctivities should have a similar seasonality.
The most obvious choice of fodder is alfalfa. In addition, there is scope
for dirvect sale of fodder in competition with existing feeds., The total
volume of animal feeds consumed is over 100 000 t, of which barley and

vetch are about B0 000 t. The total production of alfalfa from the

proposed Desert Platesu irrigation development would be about 40 000 4,

Information on meat prices shows that, in a normal year, the price of meat
doen not fall at the pericd when the lambs are being slaughtered, This is
believed to reflect & consumer preference for young spring lambs. Under
pregent production conditionsg, purchase of lambs for fattening would tend
40 increase the wnit price of meat in the spring above the smelling price
after fattening. Investigations have shown thet the numbers of young lambs
available could be considerably increased by prophylaxis and this could
reduce the spring price. In drought years the price of apring lamb falls
considerably below the average price of meat, and fatiening would have
higher profitability then in the normal years. The value of alfalfa for
fattening lambs le estimated at JD 21/t, and the value if sold as baled
hey at JD 17/%.

Production of other fodders, including sorghum, sudan grass and oate is
being investigated but it seems wnlikely thet they will prove more
appropriate to lamb fattening than alfalfa. They would cause considerable
increases in peak machinery and labour requirememts if substituted in a

eropping pattern for alfalifa.
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Vegetablen

Price and wvolume series of vegebtables were obtained from records of the
Ammen wholesales market, With the exception of tomato, the volume traded
per month of any item ravely exceeds | 000 t. The Amman wholessle market
18 considersd to handle 60-70 percent of the total trade in the East Bank,
Prices generally fall severely from the beginning to the peak of the
season, but tomatc is again an exception. For each of the vegetables
examined, wholesale prices show a provounced upward trend over the period |
1966-73 despite olear upward trends in the volumes fraded during this

perioda

Imports ere significant only for tomato and onion. For most of the other
vegetables, Jordan is a net exporter. Future export possibilifies are not
good other than for winter tomatoes which can only be produced in the

Jordan Valley.

Vepetable production from growdwater irrigation schemes must be
approached with caution. The cowntry is alrveady self-sufficient in most
items and the only substantial export possibilities are in winter. The
volumes of domegtic demand are not large in terms of production wnder
irrigation. Seasonally high prices would be eliminated by relatively
small volumes of production. Tomate and onion are the only vegetables for
which there is a limitsed scope Tor production. Farm gate prices for both

erops are taken as JD 18/t

GConclusgion

I% is concluded that in the Desert Plateau schemes there is scopse for
production of alfalfa, wheat and maize and limited scope for production

of tomato snd onion.

Batimate of the nomadic and semi-nomadic population

Government policy, expressed officially, is that setilers on future desert

sehemesn .

irrigation schemes must be drawn from the bedouin population with traditional rights
to the proposed irrigation areas. It was conmidered useful to estimate the nomadioc

and memi-nomadic population in Bast Jorden who might wish to be settled in such

The estimate was based mainly on the population census of 1952 and 1961

and on a partial census conductsd in 1967,



Taking into account recent modifications (eggm nomadic people serving in the
army, lucreasing tendency to abanden n@madi@m}g the best estimate of the nomadic
population at the end of 1971 is 60 GO0 of whom only 20 000 might be clessified as
pure nomadic. At seven persons per family, this population represents about 8 500
families. 4 part of this population may wish to continue nomadic pastoralism, which
will presumebly become more profitable as the number of people exploiting the desert
rangelands decreases. Therefore it is concluded that the number of people who would
wish to setile on drrigeted farms does not exceed 50 000 people or 7 000 families.
Hith an average Tarm wiit of 25 dunums per family, en irrigated srea of 175 000

dunung will De needed for the settlement of all the nomadic population in Jordan.

2676 Socio~economic surveys

Three socio-ecomomic surveys were conducted by the project in collaboration
with the United Nations Economic and Social Office, Beirut, in the operational
Platean irrigation schemes of Qatrana, Wadi Dhuleil snd Jafr. The obijective was to
wmdergtend better the past and present social and economic conditions of the bedouin
settlers and evaluate objectively their potentislities for development. The studies
also provided basic information to help the officials in charge to plan a more

effective educational and training programme.

The data were ccllected by interviews with the setitlers using questionnaires

prepared in congultation with several government agencies. The chief intervi

writer was recruited from the American University of Beirut., Additicnal information
was provided by personal observaltions and individual talks with the project persomel.

Several local staff participated in the interviewing teams.

(a) Qatrans

The Getrans survey was conducted in April 1972 by interviewing 31 of 32
settlers.

o ALL respondents wented to work their farm-wnite themselves and
preferred to grow vegetables and alfelfa for sheep. The majority
geemed to favour establishment of a cooperaiive.

- The majority expressed interest in building & house at the scheme or
in the village if they were given a government loan.

-  Respondents' dependency ou the Covernment is etrong end ftheir expec—
tation of it highe Therefore it is necessery that the real

objectives and goals of the Govermment for projects such as
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that of Qatrana, be clearly defined. If the goal is to develop
irpigated farming with the least expenditure and with the greatest
agsurance of success, the Government may need to fwrn over the farm-
wits to people who have sufficient experience in irrigated farming
and who are less dependent on government help and support to keep
the project going. If the objective, however, is to help settle

the bedouins and improve their stendard of living, the Goverament

must accept that this will imply longer, poseibly continuing, supporis.

The survey at Wadi Dhuleil was conducted in May 1973 by interviewing 23

sharecroppers and 17 settlers.

w  If the type of development envisaged by the Government in the Wadi
Dhuleil Project is aimed at achieving a main goal of government policy,
namely, the setlblement of as meny nomads as poseible, it may be
concluded that the Project under the present system will not contribuie,
at least in the short run, to the accomplishment of such a goal.

Almost all wnite are operated and cultivated by tenants. In the long
run, howsver, the present owner-tenant arrangement could contribute

to the eventual settlement of the bedouin landowners who live in tents
near the Project arvea. Their frequent contacts with and vieits to

the tenants could help increase their knowledge, or the knowledge of
their children, of irrigated farming and might eveniually motivate

them to operate and cultivate their own farms.

-~  If, on the other hand, the Covernment encourages the existing ouwnerw
tenant arrangements and considers this approach to be less costly,
while still contributing to the improvement of both bedouins and
temants,the authorities still need to fake certain measures to help
maximize the returns of the two groups. It is evident from the
gurvey that the retwns from the agricultural wits are low due,
inter alia, to the exploitation of the dealer., The tenants are fully
dependent on the dealsr to receive, on credit, whatever farm inputs
they need during the season. No services are being provided to
tenents by government deparitments to reduce their dependence on the
dealer. The establishment of an apricultural cooperative in the
Project may help reduce such  dependence and contribute to increase

of theiy income.
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Al Jafy

The survey at Al Jafr was conducted in April 1973 by interviewing 23 of
the 26 settlers who moved into the Project and lived in housing wnits
there,

-~  The survey revealed that the majority of the settlers still need
training. The present level of productivity is low and can be
increased by using larger quantities of fertilizers and by a better
control of plant diseases. The extension agents in the project can

play a significant role in improving agricultural practices.

e It seems that the mettlers are becoming less dependent on the Project
authorities. They are now paying for their own seeds, fertilizers,
chemical sprays, boxes used for marketing and transportation.
However, they still require government assistance for the supply of
machinery and other farm equipment. If the Government decides to
withdraw from the Project, the setilers have agreed to form a

cooperative.

=  To help Birengthen the cooperative at its early stages of development
and to enhance self-reliance among settlers, the Government can
devisge a system whereby the costs of farm inputs and services,
provided free to settlers, are introduced and added to the cooperative

capital.

=~ The Project is atill affected by the way agricultural units have been

digtributed and from the envy existing between settlers and other
people living in the nearby area. When distributing agricultural
wnits to prospeciive settlers; the principle of working in the Project
to gain experience in irrigated Tarming must be adhered to by the
selection committee. Furthermore, the committee should take into
account certain selection criteria, such as devotion to work,
willingness to be more independent and to join a cooperative, age,
gize of family, level of income and education before the setilers

are selected.
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FEASIBILITY REPORTS

General

Peasibility reports suitable for loan applications to international financing
institutions were prepared for the six irrigation schemes for which final engineering
designs were gompleted., Throughoub, the analyses were done in terms of internal
rates of return. Cost benelfit ratios were not ueed since there is no generally

accepted discount rate.

Parm size, farm budgets, repayment capeacity and credits were examined in detail
for two ‘model' mchemes, ome represenitative of the Highland schemes and the other of
the Desert schemes., It ultimately became possible to exprees internal economic rates
of return as a fwction of well discharge and total dynamic head; this wag an

important contribution Yo the selection of future areas for groundwater irrigation.

A ugeful role was played in securing British aid fipnance for Abu Lisan and

Wuheida schemed.

Model Hiphland Scheme - Abu Lisan

A detailed gtudy of the Abu Lisan scheme showed that the internal economic
return with economic input prices is about 22 percent over 25 years,bhe estimated
life of the trees and vines. The sensitivity of this result wap examined with

respect 1o a 10 percent fall in output prices snd the rate Ffalls to 20 percent.

The effect of nom-zero opportunity costd of land and of labour of those setblers
who had not previcusly farmed in the Abu Lisan area was also examined, The

opportmity cost variants considered were:

I ¢ JD 2 080/year : MNet revenue of land before reclamation (sero cost of

outgide labour of a@t%l&rs)

IT ¢ Jb s 78Q/year 3 Net revenue of land plusg cost of outside labowur of
settlers before reclamation, taken at JD WOO/fﬂmily/

vear (JD 100 x 37 Tamilies )

Ir ¢ Jb 9 480/y@ar ¢ Net revenue of land plus cost of outside labour of
settlers bafore reclamation, taken at JD QOO/family/

year (JD 200 x 37 Teanilies ).
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For the two levels of owbput prices examined, the rates of return are:

Sengitivity of Highland Rates of Return

Output price variant Opportumity cost variant
I IT IIT

; (percent)
I 2261 2064 18.7
I 20,0 18,1 165

The only recurrent inputs to which taxes or subsidies apply are fuel and oils
With financial rather than economic fuel and oil prices, each of the above rates is
reduced by about ome absolute percentage point, e.g. from 20 to 19 percent. If no
inter-row potatoes are grown in year 2, the rates also fall by about one absolute
percentage point, i.e. the omission of potato net revenue in year 2 is as important
as the substitution of financial for economic fuel and oil prices throughout the

1ife of the scheme.

Taking Abu Lisan as reasonably representative of Highlend schemes, the basic
data may be modified Lo permit caleulation of rates of return Lfor any combination
of well discharge (Q) and total dynamic head (TDH) which can serve as a guide %o the
selection of irrigation areas. Four cases were examined for discharges (Q) of 165
and 55 m3/hour and total dynamic head {TDH) of 55 and 180 m. These TDH's are the
initial levels but the rate of retwrn calculations alse take account of long-term
regional drawdowns of 30 m beiween years 2 and 15, and a further 30 m from year 16
to the end of the scheme life. It appears that even with ostensibly poor wells, the
internal economic return will still be acceptable. In effect, this implies thatl
wherever water can be found, and apples grown,; invesiment in growmdwater irrigation
will be economically feasible. The retuwns from stone fruits have not been

explicitly examined but will be of similar magnitudes, subject to the market limits. .

Hodel Desert scheme - Sultani

b detailed study of the Sultani scheme showed that the internal economic redurn
is about 15 percent over 30 years. The sensitivity of this result was examined with
respect to financial output prices, and the rate falls to 12 percent. The effect

of non~zero opporiunity costs of labour was also examined. The opportwity cost

variants considered were:
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1 : Zero Ho opportunity cost for land and labour

IT ¢ JD 0 600/year s Cost of labour of settlers before reclamation,
taken as JD 100/family/year (JD 100 x 106
families)

I+ Jb 21 ZOO/year s Cost of labour of settlers before reclamation,

taken as JD 200/family/year {JD 200 x 106 families)

Sensitivity of Desert Plateau Rates of Retum

Output price varisnt Opportunity cost variant
I IT _IIT

(perceﬂi)
I 1504 12.9 94
IT 1202 8.9 4.8

Using Sultani data, the internal economic refurn as a funcition of well discharge
{Q) and total dynamic head {TDH) can be calculated as for Highland schemes. The
minimum acceptable rate of return is taken to be 12 percent. It appears that ﬁhe
minimum acceptable combinatioms of Q and TDH are: Q = 256 m%/h He= 160 m
@ = 100 m3/h He 120 m
Q= 50 m3/h H= 80m,

ALl the Desert Plateauw schemes examined fall within these limits. The TDH

cited here includes long-term regional drawdown.

Farm income and Financial arrangements

Highland fruit schemes have high rates of retuwrn so that, even after paying all
coste, farmers on wnits of a manageable size will receive average net amuval incomes
of well over JD 300. In view of the delay wntil year 6 before annual revenues
exceed all costs in the following year, the net funding required is high; for the
first six years, total funding at Abu Lisan amounts to about JD 350/family, It is
proposed that a 25 dunum ferm size be adopted and that the repayment scheduls be
based on 'pessimistic revenues', i.e. reasonable reovenue less 20 percent. On this

basis, all repayments cen be made by the end of year 20,

Desgert Plateau schemes have acceptable economic rates of return but some
Tinanciel subsidy is required, even with the maximws manageable size of 44 dununms .
In view of acquired experience, it is proposed that a 25 dunum farm size be adopted
and that government provide all funds required in project years 1 to 33 each scheme
will be self-financing thereafter. The apparent subsidy involved is JD 3 400/family,
but the effective subsidy is only JD 1 YOO/familyq
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MEDTUM TERM PLAN FOR DEVELOPMENT OF GROUNDWATER IRRIGATION IN
BAST JORDA

The Medium Term Plan for Development of Growdwater Irrigation in East Jordan
is the major achievement of the project. In fact, all the investigations and
studies carried out during the two phases of the project aimed at the preparation
of this Plan which gives the possibilities to the Covernment to go ahead with the

overall irrigation development in Bast Jordan.

The Plan contains all the elements for the preparation of a feapibility report
for the development of about 81 000 dunums of irvrigated land distributed in the
Western Highlands and Desert Plateau between Amman and the Ras en Nagb escarpment.
It is considered that activities should be implemented in two phases over about

10 years. The funds required are estimeted to be JD 12.2 millione

The Plam provides for 90 percent use of the rechargeable water resources in the
Amman-Wadi Sir aquifer system. The first phase cen start immediately. After a few
years' pumping, when the aquifer response to large withdrawals is known more

aceurately, the second phase can be defined in more detail.

The Plan is produced in such a way as to provide the elements for loan applica-
tion to international financing institutions. It includes an implementation
programme comprising soil swrveying and mapping, well drilling, design, construction

and financing.
General

The Plem proposes development of about 81 000 dwnums of irrigated land
distributed in 15 areas in the Western Highlands and the Desert Plateau between Amman
and the Ras en Wagb escarpment, within the Amman~Wadi Sir aquifer system. Some
27 000 dunums of the planned development are in the Highlands and will be based on
fruit production. On the Desert Plateauw, production of fodder, cereals and some

vegetables is suggested.

Phase 1 development would total about 31 000 dunums of which 4 900 dunums have
been implemented. It is considered that, if finance is made available, Fhase 1
could be implemented in four to five years and the emntire Plan could be completed in
ten years. PFive of the proposed Phase 1 schemes, totalling 11 900 dwnums, are

included in the Governmemt's current threew.year plan.



Final desipns have been completed for six Phase 1 schemes totalling 12 800
dunumb, In addition, preliminary designs are available for four schemes totalling

8 300 dunums to be implemented during FPhase 1.

The Desert Plateau schemes which are based on field crops will be irrigated by
sprinklers and the power requirements will be provided by diesel electric generators.
The fruit schemes in the Highlands will be irrigated by piped water to individual
{ree basins in the case of trees, or to contour furrows in the case of grapes. The

water will usually be pumped by diesel driven, vertical shaft turbine pumps.

Of the estimated required JD 12,2 million,some JD 6.4 million will be for
congtruction of irrigation systems, JD 2.1 million for on-farm development, and
JD 3.6 million for credit and subsidies (Table 12).

The fruit schemes will be profitable with internal rates of return of about
20 percent. ‘The field crop schemes are more marginal but internal rates of return
should not fall below 10 percent. Marketing the produce should present no seriocus

probleme since all produvction is destined for the domestic market.

The entire development is plamimed for public investment, and operation and
maintenance of the water supply and distribution systems will remain the responsibility
of Covernment. Farm mechanization required for the field crop schemes will be

provided by a form of government-operated cooperatives.

ALY investments in the Highland fruit schemes will be fully recoverable and the
farmers will attain freehold ownership of the land. The Plateau field crop production
schemes will require initial wnrecoverable subsidy from Government, and ownership of

land will remain with the public sector though the farmers will have security of

tenure.
2e9.2 Land, water and human resources
2690201 The land resources

The land resources discussed below relate to areas where there appear to be no
general hydrogeological constraints to economic development of grouwndwater for

irrigation. The areas are:
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(a) & relatively limited area of sbout 40 km2 in the viecinity of Chuwair
to the east of Karak; '

(b) an extensive area of about 500 km2 in the Highlands between Shaubak
and Ras en Naghb;

(c) an extensive area of over 3 000 km2 extending southwards from near
Siwaga to the vicinity of Husseiniya and lying mainly to the east of
the Amman—Agaba highway.

The areas near CGhuwair and between Shaubak and Ras en Nagb are located in the
momtaing and foothilly of the Western Highlends. The area between Siwaga and
Husseiniya forms part of the Desert Plateau. Large expanses of level land are rare
in the Highlend areas. The Desert Plateau region is less dissected and the general
topography is wdulating with occasional scarps and localized blocks of hills, The
rocks wderlying virtually all the areas are calcareoug,

A gross area of about 140 000 dunums has been surveyed in detail, semi-detail,
or at recomnaissence level (see Table 2), Additional surveys will be necessary but
preliminary recomnaissance shows that the vequired areas of irrigable land are

avallable,

The imporient constraints to land development for irrigation in the Highlands
areas are slope and limited thickness of soils, The reclaimahle lands in the Siwage~
Husseinlya area may also have slope and thickness defects. The soils of the drier
areas may be initially saline and/or alkaline, but the drainage is ganerally good
and thege defects may be removed by leaching, V

296202 The water resource

The areas of potential groundwater development are located to the south of &
line through Mujib-Azraq because of a combination of hydrogeological congtraints or
because the growmdwaters to the north of that line are fully utilized or are earmarked
for domestic and industrial supplies, mainly in the Amman-Zerqe area. Hydrogeological
constraints discussed wnder section 2.1.4 further restrict the areas of potential
gromdwater development to those listed in the previous section (mee Map 1),

The rechargeable resource in the region of the proposed developmenti area is
epbimated to average 125 MCM/annum and the reservoir capacity ism very large. The
aquifer response to extraction on either a safe yield or controlled depletion basis

ig known for only limited areas. Nonetheless it is considered feasible to plan on



the basis of a gross extraction equivalent to the estimated recharge. The plamned
distribution of extracition is in accord with the recharge and groundwater flow
pattern. The development is phased to allow periodic assessment of aquifer response
to extraction. Water quality should not present problems to the development as the

total dissolved solids are always less than 1 000 ppm and in many cases less than

500 ppmo

209243 The human resource

Most of the settlers on the Desert Plateau schemes will be of nomadic back-
ground and will be recruited from a present population of at least 30 000 people,
Assuming farm wits of 25 dunums, the desert schemes will require 2 120 farmer/
settlers who will have some 15 000 dependants. The Highland areas are already
settled and the present population from which the development could draw is aboud
20 000, The Highland developments require 1 080 farmers with approximately T 500

dependants.

The work experience of the people of the Desert Plateau is fairly diversef All
have knowledge of nomadic husbandry, many have been in the army, a number have worked
as labourers on the roads or railway and some have worked as labour on irrigated
farmg. Only a small proportiom are literate. The large majority of the population
of the Highland areas has experience in rainfed agriculiure and in husbandry of
sheep and goats. Bducation standards are higher among these settled people than

among the Plateau nomads,

A1l unsettled land is nominally held by the state but the bedouwin tribes enjoy
traditional rights for pasture and cultivation. Any development on the Desert Plateau
with therefore have to be to the advantage of the local tribes and will require their
full cooperation. The main land ownership patitern in the settled areas of the High-
lands is ‘Miri' or restricted land ownership where land owners have the right to use
the land but not to abuse it. This land may be inherited. The Covernment has
certain legal rights to repossess Miri land. The tenure pattern iz one of part owner-

operation and part sharecropping.

Development of growndwater irrigation in the Highlends will necessitate expropria-
tion of scheme landse. This process is legally possible under Natural Resources Law
oo 12 of 1968, Redistribution of land after development is covered by Natural
Resources Law Ho. 30 of 1970,
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2a9a3 Elements of the Plan and required finance

The areas %o be developed are listed in Table 11 together with their water
requirements. The main criterion for the allocation between Phases 1 and 2 is the
present knowledge of the agquifer system characteristics in any area. Fhase 1
schemes are rationally distributed throughout the development region and will use,
in conjwmetion with existing schemes, about one third of the total rechargeable
water resources Fhase 2 schemes will increase water use to 90 percent of the

rechargeable resources

Table 11

MEDIUM TERM PLAN FOR DEVELOPMINT OF GROUNDWATER TRRIGATICN
0T BAST JORDAW:

PLANNED LAND AVD WATER USE (areas in dwaums)

Area Area Total Required
Scheme implemented propoaed area water
or under wder 1€/ anmum
implementation Phase 1 Phase 2

DESERT PLATEAU

Siwaga s 2 T00 o 2 700 4o2
Qatrana 1 700 3 300 10 Q00 15 000 2303
Sultani = 2 700 12 300 15 000 2363
Abyad 500 1 500 3 000 5 000 7.8
Hasa e o 10 000 10 000 1545
Tell Burma 1 000 1 500 1 500 4 000 6o2
Arja 1 200 900 - 2 100 363
Sub-total 4 400 12 600 36 800 53 800 83.6
HIGHLANDS

Shaubak - 3 600 - 3 600 265
Abu Makhtub - 2 100 1 900 4 000 2.8
Udruh o~ 1 500 1 600 3 100 268
Wuheida o 1 700 - 1 700 165
Qurein - 1 400 2 600 4 000 3.0
Abu Lisan - 1 200 - 1 200 0.9
Chuwair-Adir 500 2 000 4 500 T 000 6.7
Other areas - n 2 500 2 500 1.9
Sub-total 500 13 500 13 100 27 100 2261
GRAND TOTAL 4 900 26 100 49 900 80 900 10507

(Note: The total amnual water requirement of Phase 1 is 37 MCHM),
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Table 12 shows the areas proposed for irrigation development end the required
fuads. The average cost of Highland schemes is JD 174 per dwnum of which land
scquinition vepresents 6 percent. The average cost of Desert Plateau schemes is

JD 152 per dwnum and the present land value is taken ag nil.

209edl Feasibility of the development

The Highland schemes are based on fruit production as an import substitute.
They have high rates of rebwrn in both economic and finanmecial terms. Internal rates
of veturn will be arouwnd 20 percent. Retwrn to farmers will be high so that, even
after paying all costs, wits of manageable size will provide net annual incomes of
wall over JD 300, It is conmidered that all repayments on a 25 dwmum farm can be

made by the end of year 20.

Degert Plateau schemes have acceptable economic rates of return but some
financial subsidy is required. It is propomed that the Goveyrmment should provide
all funds required to a 25 dumum holding for the first three years after which they

will become seli-financing.

2965 Orgenization and management ragquirements

Government orgenizational arrengements should be made to ensure proper
implementation of the plan. The ivrigation development suggested is planmed for
public investment. Covernment will assume entire vesponsibility for the design,
congtruction and on-farm development of the schemes. The operation and maintenance
of the water supply and distribution systems, soil reclamation, cropping and training

of farmers will remain the responsibility of Government during the development period.

The success of the proposed plan depends basically on efficient coordination
of the activities of the different agencier involved. At present, separate divisions
of the NRA are regponsible for soil survey, grouwndwater investigations, well
construction, design and construction of irrigation schemes and operation and
maintenance of pumps and irrigation networks. Several deparitments within the
Winistry of Agriculture have interesits in the agricultural activities relating to
irrigated farming including seoil reclamation and land levelling, on-farm development,
cropping, Itraining of farmers and scheme management. Fnance for development is
provided through the National Plarning Council. It is envisaged that the Cooperative

Organization will perform an ever incressing role as development proceeds.



HEDIUM-TERM PLAH FOR DEVELOPHENT OF GROUNDWATER IRRIGATICH IN EAST JORDAY:
AREA, PHASING AND FRIDING

i2

Net area in dunum Required Funds  (JD '000)
Implemented Propesed Proposed Total Construc-— On—farm Credit Total
Scheme or under under under area tion develop- and
implementa~ FPhase 1 Phase 2 ment subgidies
tion
A, DESERT PLATEAU
1. Siwaga - 2 700 - 2 700 243 62 108 4132
2. Qatrana 1 700 3 300 10 000 | 15 000 1197 306 532 2 035
3. Sulteni - 2 700 12 300 |15 000 1 350 uUs 600 2 295
4. Abyad 500 1 500 3000 | 5000 405 103 180 688
5. Hasa - - 10 000 | 10 000 900 230 400 1 530
6. Tell Burma 1 000 1 500 1500 | 4 000 270 63 120 459
7. Aria i 200 900 - 2 100 81 21 36 138
Sub-total 4 400 12 600 36 800 |53 800 4 446 1136 1 976 7 558
B. HIGHLAIDS
1., 3haubak - 3 600 - 3 600 266 136 220 622
2. Abu Nakhtoub - 2 100 1900 | 4 000 296 152 244 692
3. Udruh - 1 500 1 600 3 100 230 118 189 537
4o Wuheida - 1 700 - 1700 126 65 104 295
5. Curein - 1 400 2 600 | 4 000 296 152 244 692
6. fbu Lisan - 1 200 - 1 200 89 46 73 208
7. Chuweir - Adir 500 2 000 4 500 7 000 481 247 397 1125
O. Other areas - - 2 500 2 500 185 95 152 432
Sub=-total 500 13 500 i3 100 | 27 100 1 969 1 011 1 623 4 603
GRAND TOTAL 4 900 26 100 49 900 | 80 900 6 415 2 141 3 599 12 161
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Although this division of responsibility is to some extent inevitable, greater
coordination could be achieved if a mutually agreed programme, correctly budgetted

and financed, were established.

The government agencies involved in the implementation of the plan are National
Plaming Cowneil, HRA, Ministry of Agriculture and the Cooperative Organization,

T4 is recommended that a permanent Coordinating Commititee be formed from representa~

tives of these agpencies wnder the chairmanship of the National Plamning Councile
The Committee will be responsible for securing prompt performance by all agencies
of the services and work which each has 4o provide to support the implementation of
the plan and the management of the schemes, and for the allocation of the required

funds.

It is also recommended the an Irrigation Development Unit be formed within the

Ministry of Agriculture which will be responsible for:

- providing liaison with other sgencies involved with the plan;

- land preparation;

- on~farm development of the new schemes;

- management of the schemes during the development period;

- gebtler training;

= carrying out field trials and studies relating to cropping patiterns,

crops and agricultural and irrigation technigues.

The wnit will make provision for providing the schemes with all necessary equipment
(tractors? farm machinery, transport, etca),supplies (seeds, fertilizers, tools,

tree planting material) and facilities (stores, stalf housing, commmicationg Jo

Good maintenance of pumps, power wnits and farm equipment is an important
factor. It is recommended to establish a central workshop in one of the schemes
and to make available mobile repair wits for servicing ell farm egquipment. The
standardization of equipment and the holding of an adequate supply of spare paris

will facilitate maintenance.

Staff of all catepories are available in Jordan. However, attention should be
paid to recruiting the besi qualified persomel., To attract well qualified staff
to stay in the field, good living conditions, transportation facilities and a special

field allowance should be provided.

A fellowship propramme for practical (non-aoademic) training in farm mamagement,
water use, irrigation praclices and desipn of irrigation schemes is required to
improve the technical standard of the staff. Training of mechanics and tractor

drivers should be orpanized at repular intervals.
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TRAINING AND BXTENSION

In~gervice training was provided in most fields of the project's work to the
counterpart hydrogeologiste, design and irrvigation engineers, agronomists and
economists and to the field gbalf working in the operational irwvigation schemes.

In spite of some difficulties due to the insufficient number of counterparts and

t0o changes of some of them; new ideas and teclmiques were introduced. Congiderable
experience was gained by cownterpart engineers in the desipn of irripation schemes
and they are now capable of continuing the work, though guidance is still required.
Agronomists were introduced to modern cultural teclmiques, seed production and
field trials. Irrigation agronomists began to be familiar with the different
methods of irrigation, including sprinkler,and the techmique of water requirement
trials. Economists were introduced to the economic appraisal of irrigation schemes
and to the method of analysis by internal rate of retwmn. A considerable contribu-
tion of the project to the itraining of cownterpart staff was the production of
peveral technical and working papers which provide guidance for future work. The
design work prepared by the project can be considered as model design Tor fulure

worke

Five fellowships were scheduled for training in the relevant disciplines in
institutions outside the coumtry. However, due to Governmment delay in nominating
the candidates and %o language difficuliies, only three fellowships were finally
awarded {Appendix 2)e Seven CGovernment officials participated in four seminarg

organized by FAD in different cowtries.

1% is greatly in the interests of the Government not to lose the services of

the trained persormel on conclusion of the project.

The project was not staffed with extension specialists to take direct action
in thie field. However, the staff provided their fechnical assistance when required,

mainly in cultural techniques end irrigation application.
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3,  RECOMMENDATIONS

In assessing the results of the project and in considering the recommendations
it is pertinent to remember that project field activities were curtailed by one year -
thig had a more adverse effect on the quality of results than on the cuantity of the
work, The project was however able to fulfil many of ite objectives, while progress

in other spheres of activity was proportional to the duration of the projecte.

Groundwater management activities proceeded in accordance with the planned

programme end a considerable part of the objectives was reached.

The time available for the agronomic studies was limited. Most of the trials
were carried out on newly reclaimed areas with salinity and alkalinity problems,
badly levelled and with bad soil structure., Wany of the trials failed because it
was not possible to obtain good crop stands, as well as through lack of sufficient
attention from local staff. In spite of these difficulties, some interesting results

were obtained, mainly in wheat production.

Work on water requirement and irrigation efficiency was carried out under‘the
responsibility of the project for only 18 months. Most of {the time available was
spent on preparatory work. It is regrettable that the Government decided to take
over this activity before the establishment of all field experiments and without
giving the project sufficient time to reach final conclusions. As a result, the
project was not able to use field data for the crop water requirements and most of

the design work was based on wabter requirements calenlated through special formulas.

Design of irrigation schemes was a most successful activity and in spite of the
shortened duration, the project was able to produce preliminary designs for 25 000
dunums and final design for 11 900 dunums, in respect of the 30 000 dwnums and
3 000 dunums get out in the Plan of Opernation. Teclmical and Working Papers produced
by the project  examine in detail problems related to the design work in such a

manner as to provide guidance to the cownterparts.

Most of the objectives of ihe agro-economic studies were attained. It should
however be mentioned that the feasibility studies were based on yield and water use

estimates because of the limited data available from field trials.
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The Medium Term Plen for Development of Groundwater Irrigation in Bast Jordang
for a total area of 80 000 dwnums, provides the Government with en investment

poseibility estimated at over JD 12 million and can be considered a major project

achievement.

Congiderable progress was made in training counterpart staff in all activitioen,
and for the first time the Design Section of the NRA was able to produce final desmigns
for irrigation schemes,

ORCANIZATIN AL RECOMMIWNDATICHS
If the implementation of the suggested Medium Term Plan for Development of
Growmdwater Irrigation in Bast Jorden bhecomes government policy, organizational

arrangements should be made to ensure proper implementation.

Formation of a Coordination Committee

It is recommended that a permanent Coordination Committee be formed comprising
representatives of the National Plamning Council, the NRA, the Minisiry of
Agviculture and the Cooperative Orgemization. The Committee will be responsible
for securing prompt performance by all agencies of the services and work they are to
provide in the implementation of the Planm and the management of the schemes, and for

the allocation of the regquired funds.

Formation of an Irrigation Development Unit

It is recommended that an Irrigation Development Unit be formed within the
Ministry of Agriculture to be responsible for providing liaison with other agencies
involved with the Plan, on-farm development of the new irrigation schemes, management
of the schemes during the development period, carrying out field trials and studies
related to, e.ge, cropping patiern, varieties, agricultural techniques, initiated by
the project, land preparation and preparation of the ennual budgets for all these

aotivities.

TECHN ICAL RECCMMENDATICS

Detailed teclmical recommendations are given in the various documents prepered

by the project { Appendix 4). Some general technical recommendations are given

below,



3241

39202

30203

72

Growndwater management

Tt is considered that present knowledge of water resources availebility is
gufficient 4o make feasible the implementation of the Medium Term Plan for Develop~
ment of Growndweter Irrigation in Bast Jordan on the basis of a gross water extrac-
tion equivalent to the estimated amnual recharge. It is, however, recommended that
development should be phased and new assessments of water availability should be
made for each area in the light of new data obtained on aguifer response. Therefore
the date collection programme to provide information on agquifer response to produc—
$ion pumping should be a continuous process. In some areas, digital models should
be established after some years of pumping to assess the availability of water for

further extension of the irrigation.

ronomic ghtudies

Agronomic work carried out during the two seasons available provided only
preliminary results on the crop/varieties testing, use of fertilizers, cultural
techniques and cropping patterns. Working-out of the details still remains to be

completed and additional trials should be wndertaken to obtain final conclusions.

Crop water requirements

The studies on crop water requirements initiated by the project have not been
completed and only some preliminary results were obtained. It is essential that
these studies should continue in order to provide final conclusions. Maximizing
yields for some crops (e.g. alfalfa) entails very high water consumption which
probably is not an economic practice. Therefore systematic water stress trials

should be continued in order to assure the best wuse of the expensive water.

Jordan lacks experience in orchard irrigation, and atiention should be paid
to the experiments at Shaubak and to the drip irrigation experiment at Bl Hussein

Station.

It is greatly appreciated that the Government, following a suggestion of the
project,; decided to establish a Water Requirement and Irrigation Section in the
Irrigation Deparitment of NRA, which will be responsible for the continuation of the
above studies. This SBection should be strengthened with one or two more agronomists

and funds should be made available for equipment and supplies.
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Depimn of irrigation schemes

The project provided design atandards and cost estimates for irrigation schemes
on the basis of the available data and cost~prices information. These estimates and
standards should be periodically revised as new experience is gained through operation

of the mchemes and as new cosi-prices information becomes available. In particular,

demgigns may require review to take account of present energy costs.

Although considerable progress was made in training cowterparts in the design
worl, it is considered thai further UN assistance is required in this activity. It is
recommended that the services of a UN Irrigation Engineer be provided for iwo years

to assigt the Governmment in the design and consiruction of new irrigation schemes.

The Desipgn Section of NRA should be strengthened with the appointment of two
or three young engineers who will receive in-service training in the design work

during the assignment of the UN expert.

Apro~economic studies

The project established a methodology for agro—economic studies and provided
several models of feasibility reports. These studies are of a continuous nature and

collection of basic data and frequent revisions of basic assumpitions are necessary.
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Appendix 1

PROJECT STAFF

Country

Greece
Hetherlands
India

Beypt

UKo
Denmark

Netherlands

Netherlands

UoKe
Belgium
Netherlands
Germany,
Fed. Repe.
UoKe
Lebanon
Jaordan
France

Italy
UK,
Italy

Senior Counterpart Staff

Najeeb Tleel

Badr Hirzalla
Mazhar Toughan
Salem Ayoub
Youssef Khalidi
Abdallah Suheimat

Activity

Project Manager
Irrigation Engineer
Agronomist
Agricultwral Economist
Agricultural Economist
Irrigation Methods and
Practice (Amsociate
expert )

Farm Management
(Aaﬂociate expert)
Desgign Ingineer
(Associate expert)

Hydrogeology

Agricultural Engineering

Soil Reclamation
Power-Pumping

Power-Pumping

Water Requirements
Sociology

Irrigation Methods and
Practice

Mnimal Husbandry
Computer Programmes
Horticulture

Project Co-Manager

Period of Work

From To
210 1071 300 6"74
14a11eTH 31.10,73
16012671 3112673
276 371 3te ToT1
19,1071 31.10673
15,1071 220 6.73
191171 2Te Q.73
3612671 20 9073

Hydrogeologist ~ Liaison Officer

Hydrogeologist

Design Engineer
Design Fnginecer
Design Fngineer
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Senior Cownterpart Staff (Cont'd)

Hame

Marwan Rasheed
Hohamed Hani

Fahed Abu Kamar
Mohamed Hanbali
Hani Rasheed
Munir Fakhurd
Basgam Nimri
Jemil Qheiwi

Aeram Turk

Khalil Hamdoukh
Hassenm Anshassi
Walid Abdel Rahman
Ahmed Abu Sheikha
Hisham El Haj Khalil
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Activity

Degign Engineer
Irrigation Engineer
Irrigation Agronomist
Irrigation Agronomist
Irrigetion Agronomist
Irrigation Agronomigt
Agronomisgt

Agronomist

Agronomist

Soil Surveyor

Soil Surveyor

S0il Surveyor
Agricultural Economist
Agricultural Bconomist
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Appendix 2

FELLOWSHIPS AND IN-SERVICE TRAINING

FELLOWSHIPS
Name Subject Duration Training Gountry
(months ) Place
Yousgef Khalidi Design, construction g Bureaun of UeSalo
and specification of Reclamation,
irrigation projects Denver,
Colorado
Hohamed Hanbali Irrigation menagement 9 Bureau of UeSehe
Reclamation,
Denver,
Colorado
Bassam Nemri Water use 18 University of UeSede
Arizonag;Tucson
IN-SERVICE TRAINING

During in-service training of commterparis, pariiculer attention was paid to the

following subjects:

Degirm of irrigation schemes:

Choice of power plant, choice of irrigation method, design principles, land
levelling, technical specifications, coet estimates and contract doouments.

Water requirements - irrigation efficiency trials:

Experimentation teclmiques, use of special equipment, interpretation of field data
and presentation of results.

Aeponomic studies and trials:

Agricultural snd experimentation techniques, seed production and improvement, use
of farm wmachinery, use of feritilizers, lamb fattening, interpretation of field data
and presentation of resulis.

Agro-economic gtudies:

Internal rate of return, feasibility studies, socic-economic survey of settlers.
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Appendix §

MAJOR EQUIPMENT PROVIDED BY UNDP

Description

Station Wagon
Station Wagon
Caraven trailer
Automatic level
Typewriter

Camera

8ti Ll-Branstead
tnerator diesel
Pump despwell and dissel engine
Tractor-Bulldozer
Tractor

Tractor

Sumshine recorder
Wind-run indicator
Hydwrograph
Thermograph
Sheller maize
Sprinkler Broadcaster
Thresher Nursery
Heavy Duty toolbaxr
Rotary cutter

In addition, the following equipment of Phase T

FPhase I1:

Pickwup

Station Wagon
Caleulating Machine
Caloulating Machine
Typewriter
Altimeter Barometric
Stop Watches
Copying Machine
Conductivity bridge
Balance analytical
Balance analytical
Balance analytical
Oven

Shaker-3ieve

pH meter
Spectrophotometer
Measuring line

Make/model

Peugeot/404
Land Rover/109
Hosking
Kern/GK 1 AC
Olivetti LI~32
Minolta/ ALF
Fisher/9,026,.2
Honda/ E~4000
Peerle&s/Caterpillar
Caterpillar/D-q
Fbrd/AOOO

Ford,/ 5000
Lambrecht
Lambrecht/ 1440
Lambrecht/250
Lambrecht/251
Hippo/No, 4 A
Massey-Ferguson/22
Vogel

John Deer
Moorhouse

Land Rover/88
Land Rover/109
Facit/CAL~13
Contex/55
Olivetti/LL 32
Paulin/Palab
Seiko
Eskofot/?lanocop
Phillips

Kolb

ASE/Monapan
ASE/Toppan
Fisher/laotemp
Soiltest/CL-394B
Beckman/ 9601
Beckman/B
Bastco/Standard

Nos

R b wmd wd eb b BF b U ) b o b oeh B RO RD wed 7 RO

(J0R/9) was absorbed by the present
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Description

Photometer flame
Gonductivity meter
Bath hydrometer jar
Stirrer

Binocular
Stereoscope mivror
Duplicating machine
Conductivity-pHd meters
Harrow

Harrow

Hoisture Meter Bouyokos
Extractor pressure membrane
Tool carrier
Planter

Plough
Plough~chisel
Plough mouldboard
Mower conditioner
Tractor

Drill multipurpose
Tiller

Trailer tipping
Ridger

Seeder-grass

Wagon forage
Pulverizer soil
Cultivator

© Smoother land
Leveller land
sprayer

Weutron probe

Baler

Porage harvester
Pumping wnit

19

Make/HModel

Hitachi/FPR-2
Industriel Instr./RB3-R104
Soiltest/CL~278D
Soiltest/CL-273
Yachica/8 x 40
Toko/TI, 3x
Rex=Rotary/M4
WOW/LF-54 / pHi-54
Nassey-Ferguson/831
Massey~Ferguson/ 34
Soiltest/A-T4
Soilmoisture Equip. Corp.
Hassey-Ferguson/80
Massetherguson/37
Nassetherguson/56~12
Massey~Ferguson/24~7
Mas%etherguson/3O
NWew Holland/Haybwme 444
Massey~Ferguson/ 165
Massequerguson/34m7
Hassey-Perguson/ 738
Massey-Perguson/21
Hassey-Ferguson/ 728
Brillion/S5P60T
Gehl/G806
Brillion/LG168
Massey Fergu&on/37
Ever&man/3212 D
Eversman/TH 1-10
Dorman

Pitman/225

Wew Holland/276

New Holland/717
Volvo-Penta

To.,
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Appendix 4

DOCUMENTS PREPARED DURING THE PROJECT

Ao ABSTRACTS OF KEY TECHNICAL REPORTS

(1) PAO. Development and Use of Crowmdwater Resources of Kast Jordan, Jordan.
Aeronomic experimental studies and development of crop production, based
on the work of S.P. Kohli,

ABSTRACT

The aim of the work reported which was carried out wnder the UNDP/FAO project
was o supply basic information that would permit the initiation of crop production
in the newly developing growndwater irrigated desert—climate areas of Mast Jordan.
Little information was available regarding successful irrigated crop production
works During the short period of the field activities of the project, only
preliminary testing of the ideas and materials developed was possible,

A vigorous effort was launched for collecting the seed material of various
erop varieties from FAO sources as well as from many other couniries through direct
contacts. These seeds were grown at different centres in the cowtry. Of the
crops found most suitable for irrigated culture, the following may be listed:
cereals: wheat, barley, oats, maize, sorghum; oil-seeds: sunflower, soybeans,
safflower, rapes; vegetables: <tomato, melons, cucumbers, onions, caunliflower;
forage crops: alfalfa, sudax, sorghum; other crops: sugarbeet, cotton.

Crop improvement objectives were determined and varietal testing work on wheat,
maize, oats, sorghum, barley, soybean, tomato, alfalfa and other crops was carried
out during the two seasons available. The varieties showing promise on the basis

of preliminary testing were identified and seed-inoreased for wuse in further varietal
trials and observations,

Irrigation and fertilizer requirement studies on wheat made some progress while
thoge on maize were initiated. Wheat yields of over 5 t/ha with 12 irrigations
(about 700 mm water) were obtained, Fairly good yields (3~4 t/ha) were obtained by
using moderate quantities of water (about 400 mm), This finding may be economically
useful since the limiting factor in the desert areas is water and not land.

The natural soil fertility appears to be good. Nitrogenous fertilizers beyond
75 kg N/ha failed to show response on wheat crop.



(2) Fa0.  Development and Use of Croundwater Resources of East Jordan.

Mediwn Term Plan for Development of Grownawsdter Irriration in Bast
Jordan. ‘

ABSTRACT

This report, prepared during the UNDP/FAO project JOR/525 describes a
plan for the development of irpigated agriculture based on gromdwater to be
obtained from the Amman-Wadi Sir aquifer system. It proposes development of about
80 000 dunums of irrigated land distributed in 15 areas in the Western Highlands
and on the Platean between Awmen and the Ras en Nagb escarpment. Some 27 000 duwmums
of the planned development are in the IHighlands and will be based on fruit production,
mainly apples and grapes. The remaining 53 000 dunums are on the Degert Plateau
where productiom of fodder, cereals, and some vegetables is proposed.

The plan envisages phased development because of wcertainiies concerning the
response of the aquiler system 40 production pumping. The proposed £irst phase
development btotals about 31 000 dwwwne of which 4 900 dunams are, or are being,
implemented. It is considered that, if finsnce is made available, the first phase
could be completed in four to five years and the entirve plan could be implemented
in about ten years. Five of the proposed first phase schemes totalling 12 000 dunums
ars included in the Covernment's cuwrrent three-yesr plan.

Final designs have been prepared for the above five schemes. In addition,
preliminary designs are available for five other schemes totalling 12 500 dunums.
The plateau schemes which are based on field orops will be irrdigated by sprinklers
and the power requirements will be provided by diesel electric generators. The
fruit schemes in the highlands will be irrigated by piped waler 40 three individual
basine end the water will usually be pumped by diesel direct drive, vertical shaft
turbine pumpse

The funds required for the entire Plan for three types of asctivity - construciion
of drrigation systems, on Tarm—development and ecredit and subsidies are estimated
30 be JD 12,2 million. The fruit production schemes will be very profitable with
internal rates of return of aboult 20 percent. The field crop schemes are more
marginal but internal rates of retuwrn should not fall below 10 percent. Marketing
the produce should present no serious problems since all the production is destined
for domestic markets.

The entire development is plammed for public investment. Operation and
maintenance of the water supply and disiribution systems will remain the responsibility
of Government. Buch farm mechenization as is required for the field crop schemes
will be provided by a form of government—operated cooperatives. ALl investments in
the Highlend fruit preducing schemes will be fully recovered and the farmers will
attain freehold ownership of the land. The field crop production schemes will require
initial wrecoverable subsidy Trom Government, and ownership of land will remain
with the public sector though the farmers will have security of tenure.
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Bo  TECHNICAL PAPERS HAVDED INFORMALLY TC THE GOVERNMENT

(3) Wo, 1 Choice of veservoirs. Sepltember 1973
{4 = 2 Choice of irrigatiom method. September 1973
(5) w0 3 Choice of plant for deepwell pumping. September 1973
(6)y » 4 Feasibility report on a Highland scheme:
Abu-Lisen. September 1973
(1) " 5 Feasibility report on a Desert scheme:

Sultani. September 1973

(8 = 6 Results of lamb fattening trials. October 1973

(9) v T Demign standards and cost estimates for irrigation schemes.
November 1973

Go  WORKING PAPERS PREPARED FOR INTERNAL USE OF THE PROJECT

(10) Hoo 1 Caleculated water uge in the proposed irrigation
development ayeas., June 1972

(11) * 2 lote on wind velocities, directions and wind-break data from
Qatrana Pilot Arvea 1971. July 1972

{(12) » 3 Optimum discharge of wells in Qatrans BExtension., October 1972
(13) u 4 Irrigation efficiencies in basins. November 1972
{(14) = 5 Sprinkler irrvigation efficiencies, November 1972
(15) » 6 Pumping costs and optimum discharge from wells
(diesel engine - shafi pump s  November 1972
(16} » 7 Pumping costs and opitimum discharge from wells
(electric submersible pumps ). December 1972
(17) » 8 Pumping cost and optimum discharge from wells
{meveral electric submersible pumps powered by a central
diesel gen@rator)m January 1973
(18) = 9 Wind conditions and effect on sprinkler irrigation in the

Dagert Schemes. Januvary 1973
(19) » 10 Results of 1972 lamb fattening exercise at Qatrana. January 1973

{0} = 11 Programme for irrvigation of apple trees at Shaubsk
Experimental Station 1973. Maxrch 1973,

(21) » 12 Irrigation and leaching requirement in the Desert Schemes,
August 1973

(22) = 13 Farm mechinery costs in Desert Basin Schemes., March 1973

(23} » 14 Selection of diammeter of pipelines. October 1973

(24) = 15 Experiment on water requirements of wheat at Qatrana. October 1973
{25) » 16 Optimun layout of pipelines. November 1973

(26) = 17 Results on efficlency trials on basin irrigation at Qairena.
December 1973,
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De CONSULTANTS® REPORTS

(27) Barber, W. Consultent Hydrogeologist. Consultent mission reporte
March 1971,

(28) Barber, W. Consultent Hydrogeologist, Consultant mission report.
September 1971,

(29) Barber, W. Conpultant Hydvogeologist. Congultant mission report.
January 1972,

(30) Barber, Wo Consultant Hydrogeologist. Consultant mission reports
August 1972.

(31) Barber, W. Consultant Hydrogeologist. Congultant mission report.
February 1973,

(32) P.B. Scharlaseken. Agricultural Fngineer.  Consultant mission report,
Januvary 1972.

(33} Bundesanstalt filr Bodenforschung, Hamnover. Electric analog studies of
the Amman -~ Wadi Sir Aguifer in the Shaubak ~ Ras en Nagb area,
February 1972,

(34)  Dr. C. van den Berg. Consultant Soil Reclamation. Consultant mission reporte
Harch 1972.

(35} Lehmeyer International GMBH  Power Consunlianis. Power pources.
April 1972,

(36) J. Arrighi de Casanova. Consultant in Irrigation,Report on a consultant
misgion. May 1972

(37)  S. Yacoub. Consultant Sociologist. A mocio-economic survey of the settler—
candidates in the Qatrana irrigated farming pilot project in
Easgt Jordan. June 1972.

(38) A study of the Wadi Dhuleil irrigation project in Bagt Jordan: preliminary
investigation, December 1973,

(39) A social and economic evaluation of the Al~Jafr Bedouin sebtlement project
in Bast Jordan.

(40}  S. Schembri. Animal Husbandry Expert. Development of animal husbandry in
Jordan. July 1972.

{47) Raikes and Partners. Digital model of the Wadi Dhuleil area of BEast Jordan.
October 1972,

(42) Raikes and Partners. Digital model of the Qatrana well field area of
Bast Jordan. October 1972,

(43)  Raikes and Pariners. Digital model of the shallow aguifer complex of the
Azrag Basin, Bast Jordan. April 1973.

(44) Raikes and Partners. Digital model of the Wadi Dhuleil ares of East Jordan.
Supplementary Report 1973.



(45)

{46)

(47)

(48)

(49)
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Do Carr. Conpultant on Computer Programmes. Report on the technical
mispion. November 1972,

A» Abukhaled., Consultant in Water Use. Review of experimental
work on crop water use and irrigation practices at Qatrana,
Jordan., January 1973.

Ao Abukhaled. Consultant in Weter Use, and M. Hanbali, Irrigation Specialist.
Bvaluation of data on crop water use and irvigation methods
in Jordan, March 1974.

P, Lalatte. Congulitent Horiticulturist. Fruit culture development
in pilot areas of Bast Jordan. February 1973.

Ingineering and Power Development Consuliant Limited. Power supplies for
FAD groundwater project Southern Jordan. May 1973,
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