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~ PREVACE

fﬁc‘Japdn International Cooperation Agency has performed the
Peasibility study on the Wadi Arab Dem and Irrigation Project in
Jordan for a period of eight months gsince April, 1976 as part of

technical cooperation service to the Hashemite Kingdom of Jordan,

During this period, the study team consisbing of total twenty-
eighﬂ experts, headed by Mr. Masaru Koshiba of Nippon Koei Co., DLitd.,

carried out field survey and subsequent study in Japan.

Heveby presented is the final feasibility report of the ahove

propesed project Lased upon the Tindings the team bas abtained.

1 firmly helieve that this report is worthwhile contribution to
the social and economic development in Jordan as well as promotion

of friendship between our two countries.

Finally, I take this 6pportunity to express my hearty gfatitude
to the Jordan Valley Commission and other authorities concerned for
their kind cobperafion and assistance extended to the team, without

which the survey worlk could not be completed so successfully.

November, 1976

/;57 i
//2/6’/2/7/-.,/0 ¥ &q ’M;lﬂ._\
President

Shinsaku Hogen {
Japan International Cooperation Agency
Jupah




LEPTER OF TRANSMITTAL

November, 1976

Mr. Shinsaku il oge n

Presidenty . Co

Japan Internatlonal Cooperatlon Agency,
Tokyo, Japan

Dear Sir,.

¥We have the pleasure of éubmitting-herewith the Feasibility Report

of the Wadi Arab Dam and Irvigation Project.

In compliances with the terms of reference, we performed the field
investigalion and inmdeﬁth_studies during the peried from April to
September 1976'under the guidance of the Aﬂvisory Group. On lst Octoher,
1976, we subm1tted the Draft Feasibility Report to your Agency and the
Jordan Valley Comm15510n, Based on the Drafi Report the meeting was
held in Amman at the beginning of October, 1976, with the staff of the
: Jordan Valley Commission end the Internatlonal Development A55001¢t10n.
All findings and comments obtalned in the meeting were fully 1ncorporated

'1n this Final Report

In the'study we paid the special attention to the integration of
the Project with the IDA—fingnted Project, the Northeast Ghor irrigation
and Rural Development Preject. The intake structures and m@in carrier
pip¢ from the proposed Wadi Arab reservoir are planned to serve for both

the Project and the [DA-financed Project,

The engineering and economic studies confirm that the Project is
technically sound and economically feasible. It is our belief that the
Préject meets the nation’s demand for the utmost development and effect-
ive use of the precious water resources. We sincerely hope that the

Project will be proceeded to the next stuge of the deitailed design for



the eﬁrly implemontatioﬁ'df'thé Proje@t as soon as possible along the

rocommendations presented in this report.

Taking this:opportunity, we would like lo express our heartiest
.graditude to your Agoncey, the Advisory Group, the Japanese Embassy in
Jordan, and the authorities concerned for the courtesies and coopera~

tion afforded us during our works.

Yours very truly,

M. Koshiba

Leader

Feasibility Study Teamw
for the Wadi Arab Dam

and Irrigation Project
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| SUMMARY -

I,'f_ The agrlculbure of Jordan that accounts for onemtonth of GDP and
" bears - one quﬂlter of oxport earnings is one of. the largest production

sector in the cconomy, Despite this, the production of cereals and some

= vegetables only fills one-~ half of the domestic demand, and the remaining

one«<half depends on lmPOPt incurring one-guarter of the national import

amount, Hence, “the agllcultural products have to be 1ncreased

_24‘ 'Irrigation‘is the main means for incredSing the'agriéuliural_prom
duction.: At present, less”than 10 per cent, or 0.5 million hectares,

of the counbry 8. cultlvated Lands are irrigated, but the products from
the irrigated lands account for 60 per cent by value of %Le country's
‘agricultural production. The Natlonal Five-Year Plan {1976-80) allotted
'JDTZImiilion.for the irrlgatlon sector, particularly aiming at an ex-
p&ﬁsion'df irrigatién afe# in thQ:Jordan Valley. Under its framework,

~ bhe Jordan. Vélley Doveiopment Plan (1976~ 82) of the -Jordan Valley Com-

- mission {(JVC) put empha31s on the introduction of - sprinkler 1rr1gat10n

over-an area of 36 000 hectares durlng the Plan pellod

3.0 Jordan is a seml arid country and the water resources are one of

- the most precious 1tem, ‘Three quarters of the available surface water
in"the country are frbm the Jordan Valley ~ To explolt such water re-
‘sources, the- natlon through JVC has been exerting all the efforts, and
15 proaectg are completed or under way in the Valley. of them, the |
North L%qt Ghor Irrigation and Rural Development Project is being

' 1mp10mented under the financing by the Internatlonal Development Assocl—
ation (IDA);' This project {the IDA Project) aims mainly at sprinkler
ifrigation of 3,500 hectares usiﬁg combined'water'frﬁm three Wadis Arab,

Ziglab and Jurum.

-4, The_deifArab Dam and Irrigation Project (ihe Project} has loﬁg
been'éontéhplaﬁed within: the framework of the Jordan -Valley development,
The Wa&i'Arab is the third iargest tributary of the Jordan river drain-
ing'its northernmost left bank area, and flows out an average annual
outflo#'bf 33 million éﬁbic meters, T6 make full use of tﬁe river flow,

‘a dam with regulating reservoir is necessary, The Government of Jordan



. rcquested 1n asslstance to the Goverhmont of Japan in executing o feasi-
hility study: of “the Pro;oct In response o the request, a feasibility
study team for the Plogect was sent by the Japan International Coopera~

tion Agency in Aprll 1976 and the fea31b111ty study was conducted,

5. The Proaecb hns an ob;ectlve to create a sbolage dam on the Wadi
Arab therehy bo rcgu]atc the f£low, and to expand the sprinkler Llrlga—'
tion area to the optimam extent, It is intended to integrate the Project
 and the IDA Project into one, so that the water of thlee Wadis Arab,
Ziglab and Jurum can be fully used in a comblned 1rr1gablon system under
" a unified water management. -
. . P

6, The 1rr1gat10n arce of the Project is located in the northern part
of the Jordan Valley. "It is on the side terrace along the east bank of
the Jordan viver sloping gently southwald ard already cultivated, ~The
' popu]atlon is about 10 OOO most of which are engaged in agrlcultule.'
:Clzmabe is Medltexranean characterized by hot and dry summer, and cool
:and wel winter, Average annual ralnfall qf 360 millimeters 1é concen-
trated £rom November to March :Soil conditions are mederately fertile -

with thick effective Soll depth'and adequate permeability.

7. In the'irrigatioﬁ area of the Project, 23 per cent are non-irri-
_gated and about 77 per cent are irrigated by the water of the Fast

Ghor Ma:n Canal, the .Wadi Arab and the Yarmouk river, On the irrigated
lands, diversified vegetables, cereals and fruits are grown, while rain-
fed monoculture of cereals prevails on non—lrrlgated lands, Farmer's
technlques 1n the anten51fled irrigated farming are still 1nsuff1c1ent
:'Annual prodvection 1eported in 1975 crop year was 5, 090 tons of vegeta~

bles, 550 tons of cereals and 3, 700 tons of fruits,

8.  The propo%ed conceptlons of the Project are to construct an earth-
_flll dam with a height of 54 m on the Wadi Arab of an effective %torage
capaclty of 10 million cublc meters, and a sprlnkler irrigation system
over the area of 1,250 hectares., The irrigation water from the Wadi Arab
reservoir will be 5elvod to both the IDA Project aree and the new 1,250
.hectarest lands, The main Project features are summarized on the pages

following to this summary.

- §2 -



9, As Lhe Project is realized, the Wadi Arab diversion weir and a
part of the carrier pipe of 1.8 kilomelers, which were o part of tho
IDA Project, are to be eliminated. And the intake of the dam and the
carrier pipe of 2.5 kilometers long thereffom are Lo be used commonly
by the both Projobts. The diameter of the carrier pipe of this part is
to be widened from the original diemeter proposed for the IDA Project
alone. By these adjustmeni, the integrated system will bring about an
efficient water use and management ovex the both Project areas totall-

ing 4,750 hectares.

10, Potal project cost is estimated at 12 billion Yen equivalent., The
tolal cost is broken down inbko 8,1 billion Yen {or 68 per cent) and
JD 4.35 miliion (or 32 per cent) respectively of the foreign and domestic

currency componenis.

1L, Time required for the implementation of the Project is estimated
at 48 months from the commencement of the detailed investigation works
$ill tho completion of the construction works, On condibion that
detailed investigation works followed by the detailed design works
could be commenced in April 1977, the construction works would be com-
pleted in March 1981, However, it is schednled to start the waler
intake.from the partly completed dam in November 1980, five monihs
carlier than the full completion of the dam, so that irrvigation water
could beccome availaﬁle to the wet season crops of 1980 all over the

both Project areas,

12, JVC would be the executing agency with a primary rvesponsibility

for {he implementation of the Project. JVC would cstablish the Wadi Arab
Project Office for the implementation, The operation and maintenance of
the completed Project facilities will be undertaken by the National
Resources Authofity or JVC, The market facililies and the research

and extension system Lo be established under the framework of the IDA

Project would cover also the subject area of the Project.

13, After the target yield is achieved, production increment by the

Project ave estimated at 8,520 lons of vegetables, 7,160 tons of

- 53 -



fruits and 21,615 tons of foddex crops. The gross production value is
estimated at JD 1,575,000 annually, while the value in the futurce with-
out the Projecl is estimated at Jb 533,000. 1t is expected that the
incremental benefits by exporting vegetable, especially tomato and
¢itrus, and s&ving import of wheat and potato would bring about &
‘foreign exchange savings of US$2.5 million annually, at the maximum,
The built-up period is five yedrs for vegetables and fodder crops, and

15 years for citrus.

14. The economic inbernal rate of return of the total investment for
the integrated.scheme of the Projeet and the IDA Project is estimated
at 13,5 per cent, Also, the internal rate of return of the increased
investment onto the.IDA Project for the integrated scheme is estimated

at 6.6 per cent.

15;” Typical farm size in the Project area would be 3 hectares. Net
production value of the typical farm which own 3 hectares of mixed farm

of citrus and the others is estimated at JD 389 in case of “Without
Project." Phis value would increase bto JD 2,544 in case of "With Project”

when the target yields arc achieved.

16. Beside the benefits in monctary terms, the Project would bring

about great socio-gconomié impacts. The Project will save water which
will be wasted under the "Without Project" condition, Tn the semi-arid
country Jordan, saving and thorough use of precious water is invaluable
and will meet the nation's needs. The production increase by the Pro-
ject would also contribute to the improvement of foreign exchange savings,
the elevation of peoples' living standard, and the increase in the job

'oppor£unity.

17. It is concluded that the Project is technically feasible and eco-
nomically sound. From the viewpoints of national and socio economy,
the Projeci is worthy of implementing. It is recommended that the
authorities concerned would stari soonest the financial arrvangement of

Lhe whole Projeci cost for the timely implementation of the Project,

I I



Principal Features of the Project

ftem Dimension
A. Wadi Arab Dam end Reservoir
L. Reseryoiv
Catchment area 262 km2
Annual total discharge 33 MCM
Effective storage capacity 10.0 MCM
DPead storage capacity 2.1 MCM
Gross storage capacity 12.1 MCM
Low water level L1, - 140.04n
High water level Bl, - 115.5 m
Plood water level El. ~ 112.0m
Drawdown 24.5 m
2. Dan
Type Homogenious rolled
: earthfill type
Highi of dam {above river bed} 54 m
Crest length 424 m
Crest elevation Fl. - 110.0 m
Dam volume 2.3 MCM
3. Spillvay
Type Overflow chute type
Design capacity 570 m3/sec
Overflow crest length 44 m
Chute length 350 m
Chute width 20 m
Stilling basin length 59 m
4, TIntake structures

Design capacity
Conduit, Length

Conduit, Inside diameter

(cont'd}

Closed conduit type
with control structure

1.86 mB/sec
300
1.0 m



Item

Dimension

Irrigation Systam

1,

e e e A B o 5 S US4 B e 8

Gross area
Net irrigation area

Carrier pipe line

A e R e e e e o S P S o

Totul length
Diameter

Distribution system

o oo et R e (At A B g 8 P P e e et e ot

Distributary pipe line,
Total length

Pistributary pipe line,
Diameter

Headgate unit main line,
Total length

Headgate unit main line
Biameter .

Sprinkler systom

Sprinkler type

Drainage canals

Main drainage canal

Secondary drainage canal

Collector drain

Farm road

Type -
Formation width
Length, new voad

~ do -, improved road-

1,600 ha
1,250 ha

3 ,260 m
4 1,350 - 4 1,200 mm

Ve

10.8 km
4 700 - 4 200 mm
31.1 km

$ 300 ~ § 100 mm

Semi-portable spfinkler
system

Intermediate-pressure
sprinkler

3.5 km
5.1 km

32.9 km

Gravelled surface type
5 m with 3 m surfacing
12.4 lm
35.0 km

- 86 -
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I INTRODUCTTON

1.) Project Hislory

The Government of the lashemite Kingdom of Jordan has leng been
exerting ell of its efforts to exploit and develop the water and land
resources of the Jordan Valley. For ithe purpose of saving and offective
use of the scarce water resources the various dam development plans for

the tributaries of the Jordan Valley have heen worked out and implemented.

A storage dam on the Wadi Arab, the third biggest.tributary of the
Jorden river, has been coniemplated by the authorities concerned since
the beginning of the 1960's, In 1963-65 the Wadi Arab storage dam pro-
jeet was studied by the British Consultents, Sir M., Mcdonald & Partners.
The study discussed the possible damsites and dam scale acceptable in
terms of water value but did not cover the irrigation program to use the -

Wadi Arab water.

In the meantine, the Wadi Arab irrigation developmen{ had been
studied within the side Wadisirrigation programs embodied in the Three
Year JordanIValley Development Plan (1973~75}, but it did not include
the Wadi Ar&b dam plan, In 1973, the North East Ghor Irrigation and
RuralfDevélopment_Project was identified and appraised by the Inter-
national Development Association (IDA). This project (the IDA Project)
mainly covers the irrigation development by the water of the Wadis Arab,
Ziglab and Jurum. In the IDA project the Wadi Arab storage dam was not
considered but an intake wejr was plunned to divert the water of the

Wadi Arab.

On the other hand, the Governmeni of Jordan has contemplated a
plan to construct the Wadi Arab storage dam and has requested the
Japanese Government to cooperate in the implemeutaﬂion of the Wadi Arab
dam project. The Japanese Government decided to extend a technical
assistance, at firstl, for the feasibility study on the Wadi Arab Dam and
(rrigation Project {(the Project), Although the implementation of the
1DA Project had started in July 1976 under the financing by [BA and other
sources, the Jordanian Governmeni is considering Lo modify the design of

the DA Project lo integrate the Wadi Arab Dam and lrrigation Project.



1.2 Feasibility Study

Japan International Cooperation Agency, an executing agency of

the Japanese Government, organized a feasibility study team, which had

undertaken the field ‘investigation and studies since April 1976 and

completed this final Peasibility report at the end of November 1976.

The study almed at bhc assessment of technical and economic

fea31b111ty of the PrOJect giving due consideration to Lhe integration

with the on-going IDA Project, The scope of the services by the tbeam

is summarized below: s

1)

2).

3)

L
—

-9}
10)

11)

12)

Inception works 1nclud1ng esLabllshment of basic concept

for the Lntegratlon of the PrO]ect wlbh the IDA PlOJch,

Meteo-hydrological survey and analysis,

‘Fopographic survey on damsite, reservoir area, ¢guarry site

and borrow arca, and along the'propbsed al ignment of carrier
pipe,
Dam material survey and soil mechanic tests and analysis of

the results,
Pedologlcal survey, tests and anelysis of the results,

Pstabllshment of agricultural production plan, land use plan,

irrigation and drainage plan,

Selection of oplimum project scale,

_ Preliminary designs and cost estimates of dam and related

structures, irrigation and drainage system, and roads,
Study of construction plan,
Study ol Organizaiional and manegerial aspects,

Fstimation of project benefits and economic evaluation of

the Project,

Preparation of a Feasibility Report.



11 BACKGROUND

2.1 Genef&i Fconbnw

Jordan covers the aren of 97,740 km2 1nclud1ng 5 874 km n the West
Bank presently occupled by Israel. The populat1on in 197) vas estimated
at 2.7 m:lllon of which neally 0.7 million llve in the West Bank. The
populat:on growth is about 3.5% pex annum, More than one—thlrd of the
labor force, whlch share one~f0urth of the total populatlon, is engagcd

in agrlculture.

The economy of Jordan had grown steddily.before the 1967 war show-
ing annual growth rate of aboul 8%, The effects of the 1967 war was so
serious that the economic growth during 5 years to 1971 dropped down to
5% in average annual rate, During the last three year plan peried, 1972~
75, the cconomy gradually recovered to.show an annual average growkh
rate of 6%. The GDP in 1975 vas JD 330 million, and the GDP.per.capita
of the East Bank was about US$500 equivalent.

The trade situation haé kept showing a chronic imbalance., The imports
in 1975 amounied to JD 234 million andjthe exports inéluding re-exports’
amounted to JD 49 million of which one-fourth came from food and live-

animals. The trade deéficit was JD 185 million, 50% of GNP in 1975,

19'1976 the Government of Jordan launched the new Five Year Plan
for Economid and Social Development, 1976-80. The major targets of the
Plan are the annual economic growth of 12%, income distribution, augment
of the reliance of:the government budget on domestic-revenues and reduc~
ing the trade deficit., In the’Plan, an amount of JD 765 million, includ-
- ing JD 138 million allotted for the sectors of agriculture and water, is
scheduled to be invesbedrduring the Plan period in order to attain the

target of JD 571 million of the GDP in 1980,

2,2 .Water Resources and Agricultural Development

Only 5.5% of Lhe total land of the ¥ast Bank is cultivable area and
more than 90% of it depends on rainfed cultivation, Forty percent of

total agricultural products in the country comes. from the rainfed.ares..



The available surfaée_water, major water resources in Jordan, is concent-
rvaled in the Jordan'Valiey. Out of 850 MCM of annual avevage discharge,
5% or 635 MCM comes from the Jordan Valley.

Agriculture is bthe wost important sector in the Jordan's exportd,
Tn 1974, it earned about one-fourth of export revenue. The major ex-
pori items of the agricultural sector were tomatoes by JD 1.8 million
and citrus by JD 3.7 million, However, the domestic production of grains,
animal products, onions, and potaloes meets only one half of the domestic

demand and the resl has to be iwported,

In the Five Year Plan (1976-80) about JD 138 million are carmarked
for the investmont to the agriculture and water secctors’out of which
JD 72 million are scheduled to.he invested for irrigation. And T84 of
it is expected {o be financed by foreign aids. The Plan}s objectives
in the lrfigation and agricultural sector are increase of irrigated area
by 9,600 ha in the Jordan leley, diversification of cropping patlern,
and intonsifying and increasing productidn of vegetables, fruits and

fodder bfops.

_ In concert with the National Plan, the Jordan Valley Commission is
executing its own Development Plan (1976-82) which mainly aims at ex-
pénsion'of sprihkler irrigation area. By 1982, the total irrigated aren

by sprinkler system in the Jordan Valley is to be reached at 36,000 ha.

2.3 Jordan Valley Hegion

The Jordan Valley extends from the Leke Tiberias in the north to
the Dead Sea in the south, 104 km long and 4 Lo 16 km wide, and lies
between F1. -200 m and El, -400 m, About 68,000 people live in the

Valley and 80% of thoem are engaged in agriculture.

The Valley is the most fertile region in the country and is best
endowed with devclopment polentialities. The available water from the
tributaries of the Jorden viver js estimated al 635 MCM of average annual
discharge, accounting for about 754 of the whole shrface water available
in the country, Out of ihe cultivable area of 50,000 ha in the Vhlloy,
42,000 ha is estimated Lo be irrigable.



On the basis of the past studies a master plan for the Jordan Valloy
devolopment was prepared, TIts main feature consists of constructing
a series of storage dams on the Yarmouk and Zarka rivers and other side
wadis., The major dccomplishmenb by 3971 inciluded the East Ghor Main
Canal (78 km long, Q@ = 20 m3/sec) and its laterals, the Ziglab dam,
- Kafrain dam and Shueib dam, Thus, an avea of 12,700 ha has become undexr
irrigation, - This arca is divided into 33 sub-areas, called as Develop-

ment Area (DA}, for irrigation water management.

In 1976, the Jordan Valley Commission (JVC) launched its new Jordan
Valley Development Plan 1976-82. The main goals of th?,Plan are the
increase of 23,300 ha of irrigated area, conversion of the existing
surface irrigation area from gravity to sprinkler irrigation, and creat-
ing job opportunity foxr 40,000 agricultural people, To achieve the targets
the following projects are on-going or planned to be started: Kafrain/

Husban Irrigation Project, Zarka River Complex, Wadi Arab Complex, Maqarin

Dam, and East Ghor lxtension, -

2.4 WNorth Fast Ghor Irvigation and Rural Development Project

In the Wadi Arab area the North Fast Gbor Irrigation and Rural
Development Project {(the IDA Project) has been started for the imple~

mentation in July;1976.

This project is to develop 3,500 ha of sprinkler irrigation area by
using waters of Wadis Arab, Ziglab and Jurum, Qut of the area of 3,500
ha, 1,000 ha is currently irrigated by surface irrigation from the BEast
Ghor Main Canal (EGMC) and is {o be converted to sprinkler irrigation.
The remaining area of 2,500 ha of newly irrigated arca includes future
development area of TOO ha whichis not yet surveyed and designed {ver.

Fig. 2-1}.
This projeet consists of the following main works:

1) diversion weires on Wadis Arab and Jurum,
2) 55 km ol carrier and distribulion pipe system to convey by
gravity, the waters ol Wadis Arab, Ziglab and Jurum to the area

of 3,500 ha Lo be irrigated,



3) distribution network for sprinkler irrigation of 2,800 ha, and

4} farm voads in the project area above the LGMC,

The contract for the project construetion was awarded in May 1976,

and the construction starbed from July 1976 and is scheduled to be

compleied in 1978.

Meentime, JVC decided to integrate the IDA Project and the Wadi

Arab Dam and Irrigation Project into the Wadi Arab Complex and ‘to

expand'fhe sprinkler irrigation area into the northern part of the

-_Jbrdan Valley. In the Summary.Report of Jordan Valley Development
Plan 1975-82, prepared by JVC in May 1976, the following is described

~as a paragraph of the subsection of Wadi Arab Complex:

”The Project (Wadi Arab Complex) has been recently revised to
include the construction of a dam on Wadi Arab with a storage

' cqﬁacity of ahout 10 MCM with a view to extending the irrigated
aréa:hy SOOﬂha of new lend to be irrigated with sprinklers and
cohverting'to sprinklers additional 500%ha currently irrigated
by the EGC. The feasibility of the dam is presently being
studied by a Japanese team delegated by the Japanesc Govern-
ment. DBased on the fiﬁdings of {he Japanese team, the Govern-~
~ment of Japan is expected to participate in financing of the

revised project." (¥ oprovisional)

Hence, the Wadi Arab Dam and Irrigation Project is to be studied

in due consideration of the integration with the on-geing IDA Project.
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rFig_. 2—1 GENERAL PLAN OF THE WAD ARAB'COMPL_EX
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111, THE PROJECT AREA

3,1 Natural Condibions

3.1.3  Location and Topography

The Jordan valley is located in the northwest of Jordan, and the
Projeet area is in the northern part of the Jordan Valley, The f£lat
bottom part of the Valley consists of two natural zones of NGhor' and
"Zor", The Zor, the flood plain, extends along the Jovdan river, and
the Ghof on the side terraces, The Project area is.iocated mostly in

the Ghor, and partly in the Zor, )

The Project area covering total 1,600 he is bounded by the Jordan
river in the west, by the Wadi Arab in the south, by the exisiing East
Ghor Main Canal in the east, and by the Yarmouk river in the north.-
The Proaect arca as a whole is flat with gentle slope southward to the
Wadi Arab with slight wndurations. The elevation ranges between -200 m
and ~260 m, |

3.1.2 Meteorology

The climate on the Project ares is Mediterranmean characterized by
hot and dry summer, and cool and wet winter (ref, Table 3-1)., Averagec
annual rainfall ranges from 360 mm ot North Shuneh to 510 mm at Kufr Yuba

in the drainage area of the Wadi Arab.

Rainfall is concentrated in five months from November through March,
and four months from June through September are ab501ute1y drvy, Mean
monthly temperature ranges “from 13,7°C in January to 30,7°¢ in August,
Maximum and minimum temperatures are 38 C and 8°¢ respectively, Relative
“humidity ranges from 49% in June to 67% in PFebruary and averages 57%.
Frost and snowfall occur occasionally in January and February., Sunshine
hour ranges from 5,0 hours in January to 11,9 hours in June. Wind is
light to modeiate. Wind direction is predominantly from west to south-
west. Daily evaporation measured by class A.pan varies from 4.8 mm in

January to 8,9 mm in July.

3.1.3 Hydrology

The Wadi Arab with a drainage area of aboutl 260 Rmz has an average
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annugl outflow of 33 MCM, The outflow of the W&dl Arab consists of the
base flow and the flocd fiow. The base flov is wholly nede up of the
spr1ng1ng watex from several poxnts 3 llttle upstream from the conflu~
ence of the Wadis Arab aud Aahar which is the prlmary trlbutary of the
Wadl Arab, The base flow predomlnates the total outflow by as much as
94.5%, |

' Collected discharge data of the Wadi Arab cover as lotg as 47.5
years from 1928/29 to date. This total period comprises three succes—
sivé'characteristic‘peliods (ref. Fig, 3~1). First one is from 1928/
29 to ]9)3/)4 (26 years) during which the outflow was rich and very
constant ranglng from 35 MCM to 41 MCM. Second_perlod_ls from 1954/55
to 1963/64 (10 years) ‘during which the outflow decreased year after
yoor drastically from 42 MCM down to 17 MCM. Third poriod is from
1964/65 to date.(ll,s years) during which the outflow increased with

fluctuating unduration but not bo the level of the first period.

Water of the base flow of thoe Wadi Arab conbtains seluble selts

of. 400 ppm at the maximum and its highest value of electric conductivity
| is 0,7 m.mhos/em. - Upon'the ceriteria of US Salinity Laboratory, the VWadi
Arab flow is classified into low to medium sallne water. The Wadi Arab

wate: can be used for 1rrlgat10n of most crops.

It is reported in the report of "Inventory and Groundwater Evalua-—
tion™, 1963, by Jﬁw. Tleel -that some amount of ground water is available
in the Project arca. The water quality from the deep aguifer is poor

having e salt content of more than 5,000 ppm, but that from the shallow
aquifer is relatively good having 1,060 ppm.  The amount of available
groundwater from the shallow aquifaér his been estimated at 1.6 MCM/year

in the said report.

3.1.4° Goology
The proposed damsite is characterized by o thin ridge with a saddle
projecting from the mountain slope to the river on the right bank. The

river channel is meandering and the width ranges from 5 to 8 m,

The geolegy of the damsite consists mainly of Mesozoic to Cenozoic

- 11 -



marl and limestone as base rock. The right bank consists of limestone
that accompeny thin layers of chert marl, and chalky marl. These rocks
are weathered, and fissures are fairly permeable., The weathering reaches
35 m below the ground sﬁrface. The lefl bank consists of chalky marl
and limestone accompanied partly by bituminous marl. Surface layer to
some 10 w is weathered. Decp layers are also weathered to some extent,
Such leyer reaches 40 m below the ground surface., The river bed on the
proposed'ﬁamsite is covered by thick layer of detrital deposit or river

terrace deposit. The thickness ranges from 4 to 10 m.

Over the proposed reservoir area, no big limestone caves are found.
The river bed in the reservoir area is covered by impervious bituminous

marl and shale,

3.1.% Soils and Land Classification

Most of the soils in the Project area are originated from the fluvi-~
atile~colluvial deposits overlying on the Lisan marls, These soils are
categorized into two soil series, namely Ghor-l and Ghor-2., Alluvial
sediments classified as the Zor series are found in the flood plain

along the Yarmouk and Jordan rivers,

The Ghor-l series having the depth of more than 90 c¢m cover approxi-
mately 80% of the Project area, while the Ghor-2 series having the soil
depth of 60 to 90 cm develop a gentle slope along the Yarmouk river and
the Wadi Arab and its covering part is about 5%, Both soils consist
of moderately fine to medium textures such as clay loams, silty clay
loams and loams. According to the results of measurements of intake
rates conducted during the field works both soils have good physical
properties especially in base saturation degree and moisture holding
capacity. In the areas where the bolh soils develop, there is no salt
accumulation into surface layers even in the portion irrigated by the
Yarmouk river water which contains a lititle more salt than the %adi
Arab water. Soil reaction is moderately alkali and soil fertility is

rather low due to the lack of enough organic matter.

Remaining 15% of the Project area located in the depressed part

along EGMC is occupied by clays. These clayey s0ils have poor internal



drainege. They contain en amount of wator seluble salts by more

than 0.5%,

A detailed land classification study carried out by Messrs,
Baker and larza in 1954/55_is revieved taking into considerdtion the
liﬁtroduction of éprinkler irrigation system. As a resuit, 80% of gross
_ irrigdblé laﬁds in the Project area is classified into Class I of
which s0il feature provides an excellent environmcnt.for the growth
of climatically adapted crops and presents no mejor problems to the
farm operator. The area covering 15% of the Project area is classified
into Class II from the viewpoint of drainage problem due to fine tex-
tufed clayey soils developing in the said depreésioﬁ;/ To attain the
~same level of crop production in Class Il area as in Class I area, at
least the construction of collector drains and imprdvement of physical
soil‘properties are needed, 'The remaining 5% is clasgified into

Class IV because of its slope.
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3,2 Sociaaeconomié Status

3,2,1° Populatlon and Labor Force -

Nearest community to the Project area is the village of North Shuneh,
the largest village in the Valley having a populatlon of about 9,500 a8
'of January, 1976, with an annual increase of 3,2%, Furthermore, 500 peo-
ple live in the v111age of Bagura beside the Yarmouk river, Total number
of household amounts to 1,275 and the average size of household consists

:of'5.8 persons.' Out of total household, 840 engage in sgriculture,

Labor force condition of farm femilies in the Project area is sum-
_ marized as shown in the follow1ng table on the results of ,the socio~
economic survey undertaken in 1973 jointly by the Department of Statis-

tics, the Jordan Valley Commission and the Ministry of Agriculture,

Labor Force Condition

. Male . Female
1tem ~ Number % Number %
_Total population i 5,140 100 4,88 100
Population less than 15 years 2,684 52 2,480 51
‘Population 15-64 years o 2,245 44 2,235 - 46
Populatlon 65 years and over ' 185 4 171 3
P z . S éuéégnﬁr'- T e
Unemployed of labor force 37 0.7 - 5 -
Wage earners - 1,214 24 215 4
Qwn account workers 677 13 54 1
Fomily workers ' 154 3 479 10
Workers in agriculture ' 1,487 29 713 15

From the above table, it is estimated that each household has 2.6
workeble péréoné and the potential workable force is 65 man-days per

month on an averago.

3,2.2 Agricultural Situation

(1) Land Use

s B s e ik o0 e

Out of 1,600 ha in the Project area, 1,400 ha of gross arable lands

are existing, These lands include net farm land of 1,250 ha comprising

- 14 -



_ 960 ha of 1rr1gated ‘and 290 ha of nonalrragated lands. As shown on
Tig. 2- 1, the Progect ares oons1sts of DA3, Da4 and Dhﬁ (ref. Seetion
2.3). The grosq farm land is class1f10d by the present condition of

“iand use as below.

Present Land Use R (unit: ha)
Ltom DAY DA4 DA Total
‘Gross area : 420 330 650 1,400
Net farm land o 390 310 550 1.250
‘Irrigated land | 170 310 - 480 960
C!itrus ' : 15 85 165 265
Banana : ' 5 80 - 85
Cereals 90 105 116 305
. " Yegotables 65 - 115 - 125 305
‘Non~irrigated land 220 - - 70 290

Cereal 220 - - 70 290

As observed in the table, the citrus cultivation is notable in
this arca. The occupancy of citrus is 21% against which that in the

other part of the Jordan Valley is only 11%.

(2) Darm Slze and Land Tenure

Out of the net farm land of },250 ha. private owned land covers
1,115 ha, and_tﬁé‘rest is Government owned. Land holding sizes are

in-a range of 2 to 4 ha,

As a result of farm survey conducted during the field works, owner
oﬁerateﬂ holdings in the Project area share only 10 to 15%, and the
rémaiﬁder_ié'mostly shafecropped or rented to landless farmers. T is
estimated that 50% of landowners are absentees. They earn good returns
from their land, for extreme example, getting 50% of crops from the

sharécroppers or tenants who bear most of the production cests.

(3) Cropping Pattern

Tu the irrigated upland fields of the Project area rotation crop-
ping such as vegetables-cereals-vegelables has become popular since the

irrigalion water from EGMC became available. Rainfed monoculture of



wheat or barley is common throughout nonwirrigated }ands in.the Project
area. Rccently, in the upland fields of DAY irrigated by the pumped-
up water From the Yarmouk river, the same cropping pattern has been
popularlﬁed Varlous klnds of vegebables are taken into the said crbp-

plng pattern as shwon 1n the follow1ng tab]e.

Prevailing Cropping Pattern (Present)

___Grop inut?%? ity Crop Intensity
(1) Irxtgated upland fields
Wheat 21.9 Cucumber 1.6
Barley 2.4 " Squash ' 1/3.3
Tomato 6.8 +  Watermelon T 2.0
Eggplﬁnt 6.6 Cabbage 2.4
‘Pepper ' ' 0.7 Cauliflower 0.7
Potato | 1.3 Jew's mallow 1.2
‘Broad beans 2.0 Sub-total 52.9

.(2) an*irrigated upland fields
Wheat . 20.4 Darley 2
Sub~total 22,

{3) Orchard
Citrus 21.4 Banana 7.1
Sub-total 28.5

Total 103.8
= )

Both citrus and banana trees are monocul tivated on respective fields
under irrigated condition. The crop intensity in the Yroject area is

estimated at 103.87% in total.

(4) Farming Practices

e s et s o i T b T e e

" In case of cereal cultivation both on the irrigated and non-irrvigated
fields, the farm operation except threshing has largely been mechanized.
The tractors for plewing and harrowing and the combined harvestors for
harvesting are used Qidely on rental basis. Even on the irrigated fields,
water is applied only before land preparatlon when needed. Fertilizer and
agro-chemicals are usually not used for the cereal cultivation in and a-

round the Project area

- 16 -



Among {he farming practices of vegetable cultivation, all of the
land preparatory works and some p&lh% of plant protection works are
mechanized., As for watering, 1rr1gattun walor drawn from the tertiary
canals inlo the farm plets is conveyed through hand dug zigsag furrows,
Other Farming practices, especially the scedling, weecding and harvesting
depend on manpower, No contimous cropping of Solanaceac family such as
tomatoes, oggplénts, peppers and potatees is practiced by cvery farmer to
avoid demages by soil-borne discases. The fertilizers and agro-chemicals

are applied mostly for the cullivation of Solanaceac family.

With respect to the fruit trecs, citrus and banana fields are suf-
ficiently jrrigated by basin flow method. Ror citrus cultivation,
mechanized works for weeding and plant protecting have redently been
introduced inte the Project area, larvesting of citrus fruits and most
of the farm operalions for banana cul Livation are dependent upon manual
power, Considerable amount of green manure and farmyard manure in addi-

Lion bo chemical fertilizer are applied anmually on cibtrus and banane fieclds,

{(5) Irllgatlon and Drainage Fac111tles

The di?erted water from the Yarmouk river is conveyed through LGMC
which has a capaciby of 20m?/scc. FGMC and ibs lateral canals arc

entirely lined with concrete,

A diversion weir is exisling on the Wadi Arab. Two intakes are
arranged on the bobth sides of the weir, Concrete lined canals run from the
intakes to the ficlds located in some parts of DA4 and also between BGMC
and the foothill side. They have gates at the crossing with BGMC in

arder to spill oul cxecess water into EGMC,

For pumping-up from the Yarmouk river, six swmall pumps with a total
capacity of 8.4m3/min bave been installed by private owners at the river
side near Baand village. Four of them having the total capaciby of
7.2m3/min ave set in one pumping station, from which water is boosted up
through three steel outlel pipes with the actual head of 90 m followed

by parlially damaged concrete flume and earth canal.

Phe net area irrigated by each water resource is summarized in the

following table.



~ Existing Net Irrigated Area in the Project Avea

frrigated From From IF'rom Non~irri.
DA aref EGMC Wadi Arab  Yarmouk area Total
{ha) ‘ {ha} {(ha} (he} {ha) fha)
DA 3 170 - 20 150 220 390
DA 4 30 210 100 - - 310
DA S 480 480 -~ - 70 550
Total 960 égg 120 . 150 329 1,250

The present drainage-canai system consists of two m@}n d?ainage
canals and several collector drains. The main drain and the collectors
are 4.6 lum long and 15.0 km respectively. Two main drainage canals join
together and the outlet is connected to one of guliies developing on the

right bank of the Wadi Arab.

These irrigation and drainage facilities have been administrated by
the NatﬁraJ_Resqurce Authority (NRA) which has established five branch
offices in the Valley for the overall managemeﬁt of EGMC system. One of
the five branch offices is located in Nﬁrth Shuneh. This eoffice is
respoﬁﬁible for the operation and maintenance works in DAs 1 to 15 1o~
cated between the Yarmouk river and the Wadi Yabis. In this office, 19
staffs have engaged in routine works éuch as recording of the rivér flow
discharge, preparatign of the water distribution program, operation of
the intake gates and farm turnouts, maintenance of the canals and farm

roads, and collection of the waler charge Ffrom userers.

(6) Livestock )

Traditional livestock commonly consist of sheep and goats for home
consumption, Horses and donkeys are still kept raised for animal power
for such férming as land preparation, inter—cultivating, transporting,
threshing, though mechanized farming has become popular. According to
the last Livestock Cencus in 1974, sheep and goats are kepl by 10% and _
20% vespectively of the larmers. The average number of each animal owned”
by these farmers is estimated at 15 heads for sheep aud 5 heads for goat§.
Besides,milking-cows are raised by owner-operated farms, but the dairy

products are negligibly small at present.
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(7) Crop Xl&ld and production

Although irxigdtion water became avdilﬁﬁlé to some parts of the
Progect area 3ince 1967, the crop ylelds as a whole is still unstable,
:The m1crocllmatlc condi tions affects 1argely to the crop ylelds. Bx-~
treme example is seen in the banana ylelds wh1ch are damaged by frost
that occurs once in three years.' Also, technlques ‘of modernized farming

_under 1rr1gated condltlon are 1ack1ng

According to the results of farm survey as well as to the official
data, the average yields and the crop production in the Project -area

and their vieinities in the 1975 crop yoar ave suhmarizeq,in the table

‘bélow:
Avérage Yield end Gross Producté in 1975
o | Average Cropped Grdsé
Crop yield - __aree products
T ‘ on/ha “Thal ton
(1) Irrigated crops .
“Gitrus : o 9.4 - 203 1,900
Banana . _: _ - 20.7 87 . 1,800
Wheat _ _ 1.3 . 269 350
Barley 1.3 30 40.
Tomdto - 16,9 : 8y 1,400
Eggplant ’ 7.3 31 1,400
Pepper o 11.1 9 100
Potato o : -12.5 16 : 200
Beans 7.2 25 180
'Cucumber_. ' 14.5 20 290
Squash 11.3 40 450
Watermelon 11.2 25 280
Cabbage 15.7 30 470
Cauliflower | 17.5 8 140
Jew's mallow 12.0 15 180
(2) Non-irrigated crops
Wheat 0.6 250 150
Barley | 0.4 25 10
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(8) Marketlng

Gl tentt b odedd

lee in other areas in Jorden, the marketing of agrlcultural products
in the Project aren is handled mostly by commission agents. Only small
number of farmers sell some of their products to the pack1ng and grading
station at North Shineh under the Agricultural Cooperatives, In North
Shﬁneh.éight agents are acting, but actually two powerful agents of them
orgahize“two groups and govern the market., The trades between farmers
and commisSion‘agents seem Lo be made in a form of competitive market,
but ectually the prices are under the control of ﬁgents. Major part
of the ptbducts'in the Project area is exported to Syria, Saudi Arabia,
Kuwait and other neighbouring countries. Especially in the case of
tomatoes and eggplant%, miore than 80% are exporled to Syf;a directly
from North Shuneh,' Though the commission agent fee varies from time
to time and is hdt known usually, it seems to be more than 5% and
sometimes 20% fq 30% of wholesale prices, Transportation charges of

.10 ton lorries cost about JD 20 to Amman and JD 38 to Damascus.

(9) . Agrlcultural Inbtltutlon

i S e i e o e AR S, et v g e Akt s

_ Under the Parmers’ Association Law, the Farmers' Associatibn (Pa)
in the Jordan Vélley'is currently on the way of establishment. The
main function of FA is to assist the farmers in obtaining the credits,
inputs and other services as well as in marketing their products.
FA of the Valley has started legally from 1976. The executive body of
FA will be composed of 15 members, of which five will be appointed by
the council of ministers to represent the Governmental agencies con-
‘cerned. - Such agencies are the Jordan Yalley Commission, the Agricultural
Crodit Corporation, the Agrfcultural Marketing Organization, the Coopera-
tive Organization, and Ministry'of Agriculture. The remaining ten
members of the exccubive body will be selected by election to represent
the farmers. ‘Uﬁdef'FA; the atrea is diyided into implemntation units,

and each unit corresponds to the DA of EGMC.

'Phere are two existing packing and grading stations at North Shuneh
and Wadi Yabis. These stations were established in 1966 and is scheduled
to be shifted under the conlrol of TA from the existing Agricultural

Cooperatives,
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The grading line consisting of washing, waxing end multiple grading
of citrus is in good condition. These facilities, however, has scareccly

beon used.

The AgriculturaIZCreﬁit Corporation (ACC)_extends short and medium
terh credit for agriculture on a countrywide basis, The Wadi Yabis
branch office'éovers.nhi to DAL5, ACC meets only a fraction of the
‘total demand Tor short term credit requirements. Its lending rate is
8% pér annuh. If borrowers repay on‘time or earlier than the due datle
afler one year, the rate is reduced to 7%, For medium term credit the
inferest rate is 6% por annum with no concession for timely repayment.
Medium term credit extends for one to ten years, 'Every Wranch office
is only in charge of these two kinds of loans., Up to the end of May 1976,
the Wadi Yabis branch office has supplied the amount of loan disbursement

bbtaling Jh 672,480 to 728 horrowers.

The Department of Agriculiural Research and Extension under the
Ministry of Agriculture was reorganized in 1970 in order to get closer
coordination belween research and extension. It consists of three
divisions, i.e., Research, Extension and Documentation. Through the
Deir Alla Agricultural Station as well as the Wadi Yabis and Daqura
Agricultural Substations in the V-lley, the Depariment conducts experi-

ments on existing and new field crops, vegetables and fruits.

. Agricultural extension service in the Valley is carried out through
an Agficultural Department covering North Ghor and South Ghor. The North
Shuneh Agricultural Office under the control of the Agricultural Depart-
ment at Wadi Yabis is subdivided into four Extension Offices, namely
North Shunch, Adasiya, Manshia and Waqqas. FEach extension office is
lacking in staff, transportation means, and exlension tools. Present

service is depending on farm visits and demonstration farm.

3.2.3, Social Infrastructure

{1) 7ransportation and Communicalion

o e iy o ek Bk g o i W W Pt M S i T Pt B g ey ot W S

Overland transportation is the only means to move the agricultural

produets from the Project arca., Trunk route is the Yarmouk-Dead Ses,
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National Highway that starts from“Adasiya village by the Yarmouk river,
runs along the castern side of the Project area, and traverses the

entire Jordan Valley 4o the Dead Sea. This asphaltpaved highway -is under
improvement financed by USATD to expand the road width to 10 m. This
highway is connected to the eastern plateau by five roads, one of which
starts at North Shuneh in the Project arca. This North Shuneh-Irbid

road jbins the Project area with Syria and Iraq via Irbid. It has two

lanes asphalted and serviceable throughout the yeax.

There are two routes to Ammmn from the Project area. One route
is to take the Yarmouk-Dead Sea Highway to Deir Alla located in the
middle of the valley and therefrom to take the Deir Alla—Amman road.
The other is to take .the North Shuneh-Irbid road to Irbid, therefrom
to take the National Highway No.l5 via Jerash. There are some feeder

roads in the Project area, but they need to be improved.

Telecommunication ffom North Shuneh to Irbid and Ammen is available.
The Government has a schedule.to construct in the near future the microwave
network to interconnect the Valley and Amman, and the local network for

aubomatic belephone services in the Project area.

(2) ‘Domestlic Water Supply

-t g e it o

North Shuneh and its vicinities are supplied with regular water
supply constructed and supplied by the North Shuneh Village Office. The
water of 200 m3/day is taken from the riverhead of the Wadi Zahar and
sent to a 300 m3 concrete tank near the town through 7 km long steel

pipe. The local authority charges JP 0.07/m3 for consumed waler.

u—--..-_ma...-..—..—.-........-...-_..._

The Jordan Electricity Authority is supplying North Shuneh and
ils vicinities with electricity generated in three small disel engines
with total capacity of 195 kW. One of these generators installed in
the North Shuneh Power station is usually operated for peaking. The

authority tariffs an electric charge of Jp 0.,013/kWh,
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Iv THE PROJECT

4.1 DBasic Concepﬁ of the Project

4.1.1 Opijective of the Project and Basic Condition

Three quarters of available surface water resources in Jordan are
concentrated in the Jordan Valley. Such water is available only from
the btributaries of the Jordan river, because the water of the main
Jordan river is too saline for irrigation and other purposes. The Wadi
Arab is the third lergest tributary of the Jordan river, and lands suit-

able for irrigation farming are existing nearby.

On the Bdckground mentioned in Chapter I and LI, tife objective of
-the prOposed Wadi Arab Dam and Irrigation Project is set to contrive
an utmost use of the invaluable water from the Wadi Arab [for the irri-
gation purpose by means of constructing a dam for regulatling reservoir,
and thereby expanding the irrigated farm lands by spriakler system to

tho possible maximum extent.

Construction of the IDA Projéct has been_commended in July 1976,
As aforementioned, envisaged under bthe TDA Project is to form one
sprinkler irrigation network to command 3,500 ha for which waler is
taken from Wadis Arab, Ziglab and Jurum. Hence, the outcome of the
proposed Wadi Arob Project will inevitably be added to the outcowe of
the IBA Project so that the both outcomes will form the integral parts
of the total,

The basic conditions and concepts given Lo the Project planning

are as follows:

{1) Necessary amount of water for the IDA Project is Lo be taken as
planncd from the Wadi Arab. Then, Lhe remaining woter iz to bhe

stored and regulated in the proposed Wadi Arab reserveir.

{2} The regulated water is Lo be used for Lhe irripation on new com-
manding area other than that to be commanded by the IDA Project.
Such new irrigation commanding arca is to be found in the Baqura

Arca and ils adjascent areas,
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(3) The intake structure of the proposed Wadi hrab dam.is to be so
destgned as to serve both for thé IDA Project irrigation area and
the new area under the Project. Hence, the intake wafer level is
to be such that which keeps a staﬁic head required to operate the
sprinkler on both areas. Then, two items propbsed in the IDA Pro--
ject, the intake weir on the Wadi Arab and a part of the carrier

pipe can be eliminated,

{4) The scale of the new irrigatibn'commanding.&rea and consequent
scale of the reservoir and dam are bo be determined as large as
possible ﬁithin the_limits of the amount of available water and
the economic viability‘of the total iﬁvéstménts'fég/the both

Projects.

'4.1.3. Available Water Resources

The IDA Project'has been planned to use the combined waber from
three Wadis such as Arab (rﬁnnofvrivér), %iglab (with regulating reser-
voir}, and Jurum (ruh~offriver) £o command the irrigation area of
'B,SOO‘ha. The snnual botal water requirement has been estimated at

Ta2.8 Mo L

_ Thé:mean annual discharge of Wadi Arab is'33 MCM and the mean total
‘discharge of three Wadis is approximately 50 MCM. Hence, the irrigation
~area of 3,500 ha of the IDA Project is the reasoﬁable maximum extent bo
‘be commanded by the water of three Wadis on condition that there is no

.,regulating reservoir on the Wadi Arab.

The available water resources for the Project are, thorefore, the
remaihing djécharge of the Wadi Arab after neceésary vater to {he IDa
Projeét has been taken., On Fig.d4-l, the annuel discharge of three
Wadis are.graphed, and the estimated remainihg discharge of the Wadi
Arab is éuperimposeﬁ. As seen, the remainder fluctuates very much from
the maximum 31.0 MCM of 1954/55 to the minimum 3.4 MCM of 1963/64. The

average of the remainder is 15.2 MCM/year.

/1 P.5 Annex A, Jordan Valley Project, Preliminary Layouts and Design
Criteria, January, 1975, by NEDECO/ Dar Alwsiandasah.
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Por the irrigation which require stable water supply, such fluctuat-
ing discharge will have to be regulated in the proposed reserveir over
meny years. Thence, the fegulating cﬁbacity of the reservoir is required
to be large enough to reform the fluctuating yearly discharge into a
cons tant discharge even in the case of conlinuous decrease observed in

the ten years' period from 1953/54 to 1962/63,

4,1,3 . Available Land Resources

Three Development Areas, DA3, DA4 and DAS, are located in the northern
part of Lhe Ghor Terrace between the Yarmouk river and the Wadi Arab,
These threc DAs encompass 1,600 ha in total area and ificlude 1,400 ha

gross of farm lands.

The DA3 alone includes 440 ha gross of farm lands, and lecated on
~an indepeandent converSh&ped topography having higher elevation Lhan

the adjacent areas. Hence, most of this area has never been irrigaled
Ly gravity neither from EGMC nor from naturel rivers. However, this
arca can be irrigable when water is delivered by pumping—up or sprinkler
system., The DA4 and DAS are located adjacent to the south of DA3 and on
the north of the Wadi Arab, In DAS, theré are some parts on elevatled
topbgraphy. Whole DA4 and Lhe flat part of DAS are receiving irrigation
" water from EGMC. The clevated paris in DAS, however, can be irrigable

when water is delivered by the said means,

To the north of DA3, the DA2 and DAl are located on the flood plain
of the Yarmouk viver. They are located adjacent to the cliff side of the
Ghor Terrace, and clevation is Jower than EGMC by 20 m or more. They
include 400 ha gross of Farm lands, and are receiving irrigation waler

from EGMC.

To the south of DAS, ten DAs from DAG through DA1S are located fron
the north in order between the Wadis Arab and Yabis. All of these Len
DAs are receiving irrigation water from EGMC. Of them, DAS, DAY and DALO
are included in the commanding ares of the IDA Project. DALl to DALS are
located rather far from the Wadi Arab. PDAG and DAT are located on some-
what undulating topogrvaphy along the Wadi Arab. These two DAs covering
800 ha gross of farm Jands can be counled as the avaitable land resources

of tbe Project,



. As ‘a whole,; DAL through DA7 of which grbss farm lands total 2,600 ha

are considered as the possible land resources of the Project.

4.1.4 Possible Damsite

On the general topographic map, three damsites are noticcable.
The upstream'site (site A} is located at the confluence of Wadis Arab
and Zahar where the intake weir of the IDA Project has been proposed.
The middle site (site B) is located 1.8 km downstream from the con-
fluence. This site had been proposed by the Sir Mcdonald and Pariners
in 1965. The downstream one (site ¢) is 1.5 km downstream from the

middle site (ref. Fig.4-2}. y

Of these three sites, Lhe middle sile (site B) was selected for

the following reasons:

(1} Dam volume for the same reservoir capacity can be smallest on
site B. Order from the smallest is sites B, C {about 1.5 tlimes)

and A (about 5 times),

(2) To secure necessary static head for water delivery, site B is
suitable. Site A gives excessive head and site C gives insuf-

Picient head.

(3) The geologic condition of site C is unfavourable for the founda-

tion of a high dam.

4.1,5 Adjustment with the IDA Project

The on-going IDA Project is o foregoing project to ithe Project.
The water resources are common and the irrigation areas are situated
clesely with each other under the same meleorologic and agronomical
conditions. The outcomes of the both Projects will become integral
parts to the Lotal, and the operation and maintienance of the facilities
completed under the both 'rojects will be carried out synthetically.
fTherefore, the planning of the Project has to be adjusted to that of
the INA Project.

The IDA Project is characterized by the voge tables and fruits as

the crops and the sprinkler irrigation as the irrigation method. The
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erops ond irrigation method of the Project have to accord with those
of the IDA Project, though necessary studies and comparisons are to

be made duly.

By the integration of facilities of the both Projects, it becomes
necessary to modify some of the items proposed in the IDA Project (ref.
Fig. 4-3). The main carxrier pipe‘to convey the Wadi Arab's watoer to
the irrigation area is to be used commonly by the both Projects, then
the diameter of the pipe is to he widened. On the othor hand, ihe
intake weir on the Wadi Arab and the main carrier pipe therefrom to
the Wadi Arab dem will become unnccessary, because their funetions can

be replaced by the reservoir and its static head, y

The main purpose of such adjustment is to integrate the facilities
of the both Projects so that the completed total system could function
as one system, and the most effective use of water of three Wadis can be

achteved.
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Fig. 4 -3 SCHEMATIC PLAN
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4.2 Project Formulation

4,2.1 Selection of Crops

In the Five Year Plan {1976-80), high priority in the agricultural
sector is given to the intensified and increasing production of vegetables,
Truits and fodder crops in the Jordan Valley. To carry oult this objective,
a diversification of cropping pattern supported by year-vound irrigation

facilities 13 essential,

In view of the climatic and soil conditions 6f the northern Ghor
Terrace, there is almost no obstacles for the cultivation of the said
diversified crops. Hence, the ciops of the Project arc to be selected
in consideration of the national economic policy and the individual
farmers' economy, Also, erops which have high water consumptlion are to

be avoided because of the limited water resources,

The citrus shows the highest farm benefits among all crops growable
in the Valléy. Aosco, it ranks high in the national cconomy as it is the

most exportable fruit to the neighbouring countries,

The vegetables rank next to the citrus in view of the national and
farm economic benefits, Among the growable vegetables, the Solanaceae
family such as tometo, eggplant, poiato and pepper, especially tomato,
is most beneficial. However, there is a restriction in the cultivation
of such family in view of physiology and control of pests and discases
that a continuous culiivation of this family for more than a year should
be vaoided. Although this Family crops will secure higher benefits then
other kinds of vegetables and the demand is ceaseless and growing, a crop
rotation scheme has to be incorporated in tLhe cr&pping pattern for the

Project.

Yhe fodder crops will provide an essential support to an increase of
the livestock production. The irrigated areas in the Jordan Valley will
be the largest production area of the fodder crops in Jorden. On the other
hand, the fﬁdder erops fit well into any crop rotation scheme to supple-
ment a large amount organic mabters indispendable for intensive cultiva-
tion of vegetables and [ruils, By applying the alfalfa as a perennial
crop and the Berseem as an annual winter crop, the legumineus fedder wilh

a high protain conlent will become available throughout the year. [t is



well-known that “the cultlvatlon of these crops are suited to the Middle-
Fast countries, Yield of the fodder crops in summer can be inercased by

intreducing the fodder maize in the cropping pattern,

The cereal cropping in large scale in the Valley is not a very at-
tractive proposition neither from the farméeconomié, nor from the nationmal~
economic points of view, However, the farmers in the Valley are familiar
with the wheat growing, a nd they will most likely continue the growing so

“that a part of their consumption could be supplied. On the other hand,
wheat has an advantage of crop rotation that it does not share the root
d1seases which mast of the vegetables do, Hence, it will be reasonable
to incorporate wheat in the cropping pattern, and the demand  will be met
by means of introducing high yleld1ng varieby and proper operation of

farming.

In consideration of the above-mentioned aspects, the following crops

. are to be selected as bhe products of the Project:

Fruit: citrus,
Vegetables: tomato,'eggplant, potato, cucumber, cabbage, beans,
Fodder crops: alfalfa, berseem, fodder maize,

Cereals: wheat, sweet corn,

4.,2.2 Proposed Cropplng Pattern

Among the crops selected, the citrus is the most widely planted erop
ih the northérn Ghor Terrece. Actually in DA3, DA4 and DAS, the citrus
has been planted on 265 ha oy 21.2% of net farm lands. As citrus is
percnnial and most beneficial, exisiing citrus is to be remained also
under the Pfoject, and the cropping patiern to be applied by the Project

is to be considered inclusive of such lands.

Four altelnatlve cropping patterns for the Project were drawn and
comparisons for selection were conducted (for details refer to Amnex 1V),
These alternatives were drawn within the 1imits of peak and annual water
requ1rements which had been proposed for the [DA Project, The comparisons
were made on the basis of the demand, benefits, water consumption and erop
rolation, Summary of the comparisons on the four alternatives are shown

on the following table, As the results, the cropping pattern I was selected
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as the most recommendable one. Dotails of the selected cropping pattern
is shown on Table 4-1, on which the cropping pattefn for the IDA Project

is also shown for reference,

Alternative Cropping Pattern

Pattern A Pattern B Pattern ¢ Pattern D

{1} Cropping Intensity (%)

Vegotablos o 39,4 40,3 48,3 48,6
Solanaceéas family _ (28.6) (32.2) (32,2} (32,4}
Non-Solansceae family (10,8}  (8,1)  (16.1)  (16.2)

Cereals 10,8 ' 13.4 10,7 13,5

Fodder crops | 25;1 24,1 21,4 29,7

Fruit 42.8 35,5 35.5 35,2

Total 118.1 113,3 115,9  127.0

{2} Diversion Requirement (mB/ha)

Annual 9,930 8,918 8,823 9,223
Peak (in July} 1,168 1,027 992 1,084
(3) Gross Production Value (JD/ha) 1,162 1,072 1,157 1,260

4,2.3 VWater Requirement

The water requirement wes calculated for the proposed cropping pattern,

The calculation was made in an accorded manner with that used for the IDA

Project,

For the calculation of the potential evapo-transpiration, the Blaney-
Criddle's formula was applied, Mean temperature was laken as one half of
the sum of the meximum and minimum temperatures measured at the North Shuneh
(Baqura) Agri-meteorologic Station, The percentage of daylight hours cor-

responding to 32%37+ latitude North was used.

Then from the obtained potential evapo-transpiration, the water re-
guirement was calculated, Effective rainfall was taken at 90% of recorded

monlhly rainfall measured at the same station when the monthly value was
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Tahle 4-1 Proposed Cropping Pattern and Cropping Intensity

Proposed IDA

. Crops ' pattern attern
_ o : (%) ' (%)
Vegetablés (Solanaceae family)
Tomatoes - 2L.6 21.7
Eggplant 8.1 9.7
-Potoatoes . 2.7 3.2
-Sweet pepper - 2.2
{Sub~total}) - {32.4) : {36.8)
Vegetables {Non-Solanaceas family)} ‘ 4
' Cabbage 2.7 5.2
Cucumber 5.4 4,6
Beans 8.1 7.0
“Onions - 2.6
(Sub—total) (16.2) (19.4)
Total | 48.6 ' 56.2
Cereais
Wheat 8.1 7.5
Sweet corn 5.4 11.9
Total 13.5 19.0
Podder
 Alfalfa 8.1 13.2
Berseem 8.1 2.8
Fodder maize 13.5 8.8
Total 29.7 30.8
Fruit
Citras _ 35.2 9.0
Banana - 4.8
Total 35.2 13,8
Grand Tota{ 127.0 119.8
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less than 50 mm, and at 80% when it was more., Fffective rainfall thus cal-
culated was multiplied by a factor of 0,7 expecting that the amount would
oceur for eight years in ﬁen yoars, This factor was 6btained as a rate of
80% probability rainfall to the mean rainfall. For the stage of growth by
crops and for £he average anuual prevailing temperature, the crop factors
recommended by Balneyfcriddle and the US Soil Conservation Service were
modified paftly for adjustments, For all the erops to be planted in the
dry season, a net pre- ~-irrigation water of 60 mm was applled extend1ng

over two weeks prior to the plantlng.

 Then, an irrigation efficiency of 80% fLor tﬁe sprinkler system was
applied td_the_calculated field water requirement, Thus, the diversion
requiremenit of the Project was ¢alculated as shown in table below in
which the diversion requirement of the IDA Project is also shown for

reference,

Mdnthly Diversion Water Requirement (ﬁ3/ha)

Month ‘The Project The IDA Project Month ‘the Project fThe TDA Project

Jan.- 348 434 July 1,084 - 720
Feb, 450 557 hug. 987 819
Mar, - 663 725 Sepb. 865 1,025
Apr. 989 .. 1,070 Oct. 867 982
May 982 1,032 Nov. 628 727
June 1,061 862 Dec. 299 410
Total =~ 9,223 9,363

4.2.4 Selection of the Project Secale

ﬁased on ﬂhe vater requirement estimated in Section 4.2.73, ithe water
balance study was made on three possible cases of the effective capacity
of 1he reserveir, namely 7;5, 10.0 and 12.5 MCM., In each case, the
1opbimuﬁ scale of irrigetion comménding area to the respecltive effeétive

“capacity was found. 1In this process, assumption were set as follows:

- Discharge available to the Project is the remainder of the Wadi
Arab's discharge after the discharge for the full operation of the

FDA Projecl has been taken as mentioned in Section 4.1.2.



< Period of diséhafgé data adopted is 10 years from 1953/54 through
1962/63, 'This period was used by the IDA Project for its waber
balance study. Main reason of this adoption is the accord of study

basis (ref. Amnex I).

.~ Accordingly, the probability of occurance of water shortage becomes
the saﬁé on the both'Project areas. This iz to say, when a water
shortage occuré, such $hortagc will influence'eqqally and simul-
taneously to'the both Project argas; Probability is two years in

ten years,

'The resu1t'was as follows:_

Optimum Scale of Irrigation Commanding Area

. _ Effective Capacity Optimﬁm Irrigation
Case of Reservoir _ Commanding Area
(MCM) | (ha)
12.5 1,400
10,0 1,250

Note: Refer to Seetion 4.2.5 for water balance,

As seen in the result, the marginal increase of the optimum irriga-
tion area does not increase proportionally to the increase of the effec-
tive capncity after 10 MCM, bhecause the available water of the Wadi Arab
is limited., On the other hand, in the case smaller than 10 MCM, a waste

of water in the rich water years will increasc.

On these three cases, three alternative plans were formulated for
comparison each in cbnsideration of integration with the IDA Project.
Then, the economic comparison of these three alternative plans was worked
out in order to select the optimum scale of the Project by which the most
effective use of limited precious water can be achieved, The results
oblained are summarized below and graphed as shown on the following

figure.
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Feonomic Comparison of Three Altornative Plans

Alternative Plans

No. Item | ' A B £
1 Kffective Capacity (MCM) 12,5 10,0 7.5
2 Irrigebion Area by the Project (ha) 1,400 1,250 1,050
3 ‘Total‘ Irrigation Area by Both

Projects (ha) . 4,900 4,750 4,550

4 Total Economic Costs (JD 1,000) /2 11,111 - 10,170 9,641

5  Total Annual Benefits (JD 1,000) - " 3,361 3,262 - 3,130
6 HNet Presont Worth {JD I,OOO)Z}*

When discount rate 10% 4,024 4,296 3,993

When discount rate 7% 11,637 12,046 11,361

Note: Z;L_ Total of cb_sts of the Project and the IDA Project under inte-
: grated status,

Total of annual benefits of the Project and the IDA Project
after target yields are achieved,

Discounted net benefits of the both Projects
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It is found in the gbove resulis that the Plan B is the most benelicial
‘plan, Thérefofe, it ig decided to talke up the Plan B as the optimum scale
of the Project, so that the selected effective storage capacity of the re-

servoir is 10 MCM and the irrigation commanding area is 1;250 ha.

4 2 5 Water Balance_

The IDA Project alone has been planned to use the combined water of
three Wadls. With the proposed Progect added, the water source for the
Wadi Arab Complex (the Project plus the IDA Pro;ect) is enriched by the

storage capa01ty on the Wadl Arab, This change is shown in the table '

below,
'Changé in Water Source
IDA Progect alone Wadi Arab Complex
i, Vadi Jurum w1thout storage i, Wadi Jurum without Storage
2. Wadi Ziglab with storage 2. Vadi Ziglab with storage
3. Wadi Arab without storage _ 3, Wadi Arab with storage

With the change in the water source, the procedure of water intake
is to be changed. In_the IDA Project, the procedurezl of water -intake
was treated as follows;

(1) PRirstly, 90% of uncontroiled hase flow of the Wadi Jurum is taken,
(2) fThen, 90% of uncontrolied base flow of the ¥adi Arab is taken,

{3} When above two are sufficient, the flow of Wadi Ziglab (base flow
 plus fleod flow) is used to refill the reservoir when it is not full

or spilt to BGMC when the reservoir is full,

(4) When the two. (1 + 2) are insufficient, the controlled flow from the

Ziglab resérvoir is taken,

With the addition of slorage capacity on the Wadi Arab, the procedure

of water intake for the ¥adi Arab Complex is to be changed as giveﬂ below;

(1) PFirst, 90% of uncontrolled base flow of the Wadi Jurum is tanken,

/1 Annex 4 Water Balance Sludy, Jordan Valley Project, dJan, 1975,
by NEDECO/Dar Al-Handasah,

1
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(2) VWhen the Wadi Ziglab reservoir is about full, the controlled flow

from the Wadi Ziglab reserveir is taken,

{3) When the above two (1 + 2) is insufficient, the controlled flow

from the Wedi Arab reservoir is taken,

(4) After (1), when the Wadi Ziglab reservoir is not full, the flow of
Wadi Ziglab is used to refill, and the controlled flow from the

Wadi Arab reservoir is taken,

(5) After (4), when the Wadi Ziglab reservoir becomes about full, the
controlled flow from the Wadi Ziglab reserveir is taken, and the

£low of the Wadi Arab is used to refill the Wadi Arab Reservoir.

: : P _
By the abovementioned procedures, the most effective use of the flow

of three Wadis and of the total capacity of two reservoirs can be achieved.

The water balance calculation was conducted firstly on the hydrologic
data of 10 years' period from 1953/54 to 1962/63 which vas also adopted
by the IDA Project. The cqléul&tion was made on given conditions that
the effective capacity of the Wadi Arab reservoir is 10 MCM, that the
total irrigation commending area of the Wadi Arab Complex is 4,750 ba,
and that the procedure of the water intake'is as aforementioned. The
result of the water balance of the Wadi AraB showed that a water deficit
occurred in the last two years. This is to say, full irrigation was

possible in eight years in the treated ten years,

Next, the woter balence calculation was conducted for the succeeding
period after 1964/65 to date. The result is graphed on Fig. 4-4 (Tor
reference, the water balance study in Section 4.2.4 was made on the same

water intake procedures).

As for the period before 1952/53, calculation was abridged because
the hydrologic data showed so stable and rich flow that no occurrence of

deficit was expected.

As seen on Fig, 4-4, the water deficit oceurred concentrically only

in the five years' drought period from 1961/62 %o 1965/66,
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Fig. 4-4
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4.2.6 Delineation of Irrigation Ares

By the study in Section 4,2,4, the irvigation commanding area of
1,250 ha was selected. Nameiy, a total net farm lands of 1,250 ha other
than the irrigation area of the IDA Project will be supplied with irri-
gation water from the réservoir with sufficient static head for the sprin-

kler irrigation method,

As aforementioned in Section 4,1.3, there are 2,600 ha of available
land resources in DAl through DA7 centering about the lower reaches of
the Wadi Arab. Delineation of the irrigation commanding area of the -

'Project was made within this land resources. The.delineation was made
with the objective in view to simplify the water distribution system
an& thereby to minimize the costs for construetion and replacement as
well as the operation and meintenance, so that higher economical return

"could be attained.

After several case studies, it was determined to delineate the DA3,
DA4 and DA5. These DAs are located adjacent with each other forming a
combinéd block on the'righb bank of the lower reaches of the ¥Wadi Arab.
These Ddé are favoured with.the topography suited to the introduciion
of sprinkler irrigation. From the gross area of 1,600 ha in these DAs,

net farm lands thus delineated for the Project becomes 1,250 ha in total.

4,2.7 Scale of Dam.

'_ The available topographic map of the reserveir area in 1/1,000 scale
was revised according to the results of topographic survey in 1976, and
the elevation-arca and elevation-capacity curves were revisaed accordingly.

The revised curves are shown on Pig. 4-5.

By the static head required for the sprimkler irrigation over both
of the irrigation arecas of the both Projects, the intake water level in
the reservoir has to be set at El. ~-140 m. Hence, this level becomes the
low water level of the reservoir, and the capacity below this level be-
comes & deed capacity of 2,1 MCM. This capacity is coincidentally equi-~
valent to the volume of sediment inflow to the reserveir during a period
of 65.6 years which is longer than the economical life of the dam (ref.
Annex [). Taking 10 MCM as the effective cdpacity above the low water
level, the high waler level of the reservoir becomes Bl. ~115.5 m. Teking

3.5 m for the flood control capacity end 2.0 m for free board above the
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Fig. 4- 58
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high wator lovel, the crest of the dam becomes El. ~-110,0 m. As the
river bed elevation on the dam axis is El. -164.0 m, the dam height

above the river bed becomes 54 m,

4,2.8 Integration of Two Projects

As briefed before wherever necesszary, the Project will redquire miner
modifications of design of the IDA Project. WVor the water intake from
the Wadi Arab, proposed by the IDA Project were the Avab diversion head
vorks (intake water level at El, ~130 m) and 5 .08 km long carrier pipe
with 900 i diametér, {see illustratjon below). With tho creation of
dam and reserv01r by the Project, these items will have to be changed.
The proposed intake structures of the Project (inbake- water level at
El, -140 m) will be used commonly by the both Projects, Then, the dia-
meter of'thé downstrean portion of the carrvier pipe, 3.26 km long, will
be changed. 'Uppér portion, 2,50 km long, will be used commonly by the
two Projects, and the diameter is to be changed from 200 to 1,350 mm.

The lower portion, 0,76 km long, will be used solely by the IDA Project,
but the dlameter is to be changed from 900 to 1,200 mm for the purpose to
compensate the decre&sg_ln water head of 10 m (= El. -130 m - El. ~140 m)

by the decrease in the loss of head due to friction in the pipe.

On the other hand the upstream portion of the 900 mm carrier pipe,
1.82 km long, and the Arab diversion head works of the IDA FProjeel which

will be enveloped in the reservoir area will be climinated.

ORIGINAL SCHEME

_-Distetbutary Pipe {IDA Projact)
_of the 1DA Project  Arab Olversion
; M. Heodwerhe
U, | S 77 gttt
~ e 8900

} Ccrlier e g
L LBOBRM

INTEGRATED SCHEME

.Distribulary Pipe {Wodi Arab Complex)
\‘-r, of 1I.\s 10A Projeci /A giatbutory Pips _ . Proposed Wadl Arab Dam
= = e of the Frojecl 1 e paremech e
ol _g200 g !
LI = “"4:; """""" J
§ ~ficarior Pigs - ““‘/1—'*-“
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4.3 Agricultural Development
4.3.1 Prospective Change. in_Land_Use

The assessmont of prospective changés in future land use and
production peltern upder "Withovt Projeet" and "With Project" arc
necessiteted for the economic evalustion of the Project in regerd to

the net irvigable area of 1,250 ha delinested from DA3 to DAS.

Under "Without Project" conditic¢n, no substantial changes are
expected in future. _Rainfed monocul ture of ceresl cfcpu will be
continued  in the present ron-irrvigated urea of 290 ha, Croppirg
gren of vegeﬁahlos end fruit irees %ill also be in the same level atb
present. Only. the young ecitrus fields will e&tend thn'mgtured benefit
to the Project area. Crop yield ir both irrigeted and pon~-irrigated
aree will fluctuvate from vear to yesr according to wncertain rainfall

and cccasional occurrence of heavy frost.

After the completion of new sprinkler irrigation system, the
present non-irxrigated area can be provided with irrigation water. The
_existing banana fields will be converted into citrus fields consider-
ing to save irrigation water consumption, to avoid serious frost

 damage and the difficulty to operale sprinkler.

4.3,2 Parm Type and_ Cropping Schedule

In consideration of the present farming condition, it is expected
by the Government poliecy that two main farm types A and B will be
developed in the Project avea. [t is suggested that farm btype A is the
vegetable-mixed farms with vegetables as the main crop and cercals and
fodders as the rotation crops together with ecitrus on 10% of arca. The
other, farm type B is the fruits fawms with 100% citrus. The existing

banana fields will be converted into type B.

In the ultimate stage, the cropping intensity will become 100% on
150 ha of citrus farms and 137.5% on 900 ha of vegetable-mixed farms.
Phe overall cropping intensity will become 127% (ref. Seclion 4,2.2).

The cropping patterns and intensities of two farm types are shown on
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Fig. 46, Farin distriﬁﬁtion sizes of both types are assumed Lo be
3 ha per family in DA4 and DAS, while there will be only the farm
“Lype A having 4 ha per family in DA3.

In the initial stage of citrus cultivation to be carried out on
the nowly ﬁlanted and converted fields, totallihg 170 ha, the broad
beans and éucumhvl will bé.inﬁércropped for the fifqt'five yenrs, and
thereafler the fodder maizé will substitute only for cucumbel during
the next tive years. By this intercropping, it is expected that the
deficiency of tfﬂ terget yields before the maturity of fruit trees will

be supplemented to e great extent.

Tho main aspuct of crap rotation is t}¢t Solanucdac such as tomabo
and eggp]ant are rot to he planted more than once in every two years on
the same field. M01eover, potelc can be grown between oller non-
Solanaceze vegetabiés once in every jear. Alfalfa remains for three
years'on the same field, So only one third of the total alfalfa area
can be used for rotation each year, Fach farm type A will be divided

~into three faxmlng operation blocks such as Blocks: I IT and Ill. The
rotatlon cropplng schedule for each block is preeenteﬁ on Plg 4.6 and

summuylzed ip TPable 4-2.

" On the citrus area of Block 111 in the farm type 4, an effect of

windbreaks cen be expected sfter the citrus trees will have grown up.

No substantial change will be considered it the fulure preduchicon
petlerr under "Without Prbject.". The following gives the prospebtiﬁe
overall cropping pattern under "Without Project' based on the present

condition.’



Fig. 4-6 PROPOSED CROPPING SCHEDULE
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Table 4-2 * "Rotation Cropping Schedule

Rotation block Wot months Dry months

and. erop year . {October to May) - (June to Septomber)

Block T (60% of net irrigable arca)

. Fallow 30%
1st year _ Wheot = 43% (Maize 15%
Cabbage 15% then Cucumber 15% Fallow 15%
R ' Eggplant 30% .
 2nd ygar | A pomato 30 Fallow 60%
' L Fallow 30%
3rd year - Berseem - 45% , y (Maizer p 15%
' Beans 15% then  Cucumber 15% Fallow 159%
. Fallow, 45%
4th yga?_ Tomato . 60% (Sweet corn 15%
Block 1T (30% of net irrigable area) _ _
13t year  Beans 0% then Potato 0% Maize 30%
2nd yeaf o Tomato 30% . Swoetl corn 30%
3rd year : Beans 30% G Maize 30%
4th year Tomato  30% Maize 0%
._Sth b0 ]
74 ear Alfalfa 30%
8th year Eggplant 30% ‘ Fallow 30%

Block IIT. (10% of net 1111gable area)

1st to - ' : Citrus 10%
5th year
(Intercropp1ng) (Beans then  Cucumber) {¥allow)

“6th to _
- 10th year’ - Citrus 10%
(lnteTCTOPplng) (Boans) ‘ (Ma1ao)
llth to )
40th year Citrus 10%

AT -



Urobping Patbtern in Future "Without Project”

.Crog nIhténﬁltx ' _ Crop Int?nsitg
o . 0 ' ' : (il

Tomato . 1.2 Vheat (irrigated) 22.0
Eggplant 7.2 (non~irrigated) - 20.4
Sweet Pepper 0.8 Barley (irrigated) 2,4
Potato 1.2 (nonnlrrlgated) 2.0
{Sub~ total) {16.4) (Subetotal) (46.8)
Beans _ 2.0 Citrus 21.2
Cabbage - 2.4 Banana 6.8
Cauliflower 0.8
Jew's inallow 1.6 (Sub-total) (28.0)
Cucumber 1.6
Squesh 3.6
Water melon 2.0
{Sub~total) (14.,0) Total ~  105.2

4.,3.3 Irrig@tioh Program

In the area of the farm type A (wixed farm of vegotables and citrus},
irrigation water will be distributed on the basis of the alorementioned
rotation cropping schedule. However, if all of the farm type A families
star®t their farming simultaneously on a particular crop disregarding the
said schedule, then both of the peak and annual availability of irrigation
water will run short, To perform irrigation within the limit of the peak
and annual availability, thérefore, eight farm families will form a unit
and practlce their 1rr1gated farming in eight shifts accoxding to the
cropplng schedule. Thls unit will also function as a water unit which

will becone a component of water management system.

4.3.4 Improved Farming'Practices

he future production pattern, when the sprinkler irrigation syslem
is provided, will still nced far nore mechanized farming tban at present
for the resson that much higher produce than at present is expected
against the limited labor availability. Introduction or reinforcement
of such mechanization will have to be followed by efficient use of the

sprinkler irrigation system, limely seeding, harvesting, ete.

By the intonsification of mechanization, the deterioration of

soil consistency will occur by the consolidation by froquent passage of
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.agr:cultural muchlnes on the soils which lack in the organic matters.
To prevent such deterloratlon, campleto p10w1ngm1n of stubbles and crop

residuals will have o be carrled out,

Weed control requlres speclal attentlon. A pre—planting applica-
tion of selective herbicides is recommendab]e to avoid the very high
cost of band-weeding. In the middle growing stage of each crop, eppli-
_catioh of the mechanical inner tillage will contribute also to control

'mbst of the weeds.

With the introduction of various crops, insect and disease control
will become serious problems. Insect control will have to be organized
to make wide~sphere examination like the present service given by the

Agricultural Extension Office.

Mechanized harvesting, especially of the fodder crops, will have
to be introduced to keep the quality of products at high level at the
correct time of harvesting. Transpoftation and storage facilities will
have %o be strengthened as market values of fresh produce like‘tomato,
cucumber and cabbage are reduced by bruises which often occur on the

way 6f transportation from the farm plots to the markets.

4.3.5 Farh Inputé

To detberimine the most economical level of the farm input, studies
were mode taking int& account the information and experimenial results
obtained locally, the results of chemical and physical soil analyses
and the design of irrigation system. Farm input requirewents to obtain
satlsfactory yield at the full development’ stage of the Project are

summarized in the following table,
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Parm Input Reéquirement

Fertilizer Nutrient _ Agro-chimiccals

Plant

Weed

.gggn' Seed N "Pp0s  protection Conbrol
i (xg/ha) (wg/ha)  (kg/ha)  (kg/ha) (ig/ha)
Tomelo 1.5 100 140 24 5
Eggplant 1.5 100 140 24 - 5
Potato 1,800 100 140 15 5
‘Cabbage 1.5 200 140 15 5
Cucumber % 80 100 15 5
Broad beans 40 40 140 12 5
Wheat 120 100 70 3 10
Sweet corn . 35 150 70 6 7 5
Alfalfe - 25 10 100 18 10
Berseem 25 20 100 15 10
Maize fodder 15 150 70 6 5
Citrus 7 spold 160 140 6 5

Ll Numbgr of seedlings per hectare

Large quantltles of organlc matter are & pre:equlslte to malntaln
hlgh yleld ]evels for an intensive farmlng under 1rrlgat1on in the
future. Fresh organlc matter will be given to citrus and vegetableb
1n large amount by 25 tons/ha and 20 tons/ha, respectively, once every
two or three years. Wheat and other field crops will benefit only

from the residual effects.

Mechanized ratio of farming practices at the full developmeht stoage

of the Project is vecommended as shown in the following table, reflect~

ing the present level and future

farm mechinery will be available

trend of mechanization. Any type of

to the farmers by rent.



- Mechanized Ratio of Farming Practices

Vogo~ Broad Sweet  Podder

Practices _tablosﬁ~ Potato beans Wheat corn crops  Citrus
(%) {%) (%) @ @ (%)

Secdbed . '

preparation - 100 100 100 - 100 100 100- -
Seéding or .

planting - .. 60 100 60 100 100 100 . -
Fertilizing 100 160 - 100 100 | 100 100 - 50
Plant | | |

protection 100 100 100 100 100 100 100

‘ : . . Y

Cultivating 100 100 100 160 100 - 100
Harvesgting - -0 - 60 60 100 0 100 0

_Zl Inéluding tomato, eggplant, cabhage and ‘cucumber

4,3.6 Parm Labor Requirement '

Monthly distribution of labor requirement is shown in the table
below, ¥or the estimation,'thé.aﬁailahle‘number of labor force per
fanily (2.6 persons) and the recommended rafio of farm mechanizetion
are taken inte consideration, Furthér,'workable d@yslwere assumed to
be 25 days a month. This means that each family has an own labor force
of 65 man~-days pex month. Then, a large ﬁart of total labor force annual-

ly required have Lo depend on hired labor (ref. Anmex V).

Lebor Requirement by Month (man—day)

Ttem  Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

Farm Type A (Farm distribution size: 4 ha)

Total 142 164 130 83 53 28 19 17 23 82 100 110 921
Pamily 65 09 65 65 53 28 19 17 23 52 65 6% 582
Hired 17 99 65 18 - - - - - 35 45 339

Farm Type A (Farm distribution size: 3 ha)

Total 107 124 98 . 62 40 22 14 13 18 40 76 83 697
Family 65 65 G§ 62 40 22 14 13 18 40 65 65 534
Hired 42 59 33 - - - - - - - 11 18 163

Farm Type B (Farm distribution size: 3 ha)

Total 120 105 75 60 38 38 38 38 90 120 150 143 1,015
Family 65 65 65 60 38 38 38 38 65 65 65 65 667
Hired 55 40 10 - - - - - 25 55 85 Y8 348
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4.3.7 Aunticipated Crop Yield

The yield‘anticipations for the future were made based on climatic
and s0il conditions, on completion of full water supply and on an increas-
ing eTliciency of farming practices by improvement of fertilizer applica~
tion, plant proteétion, mechanization, irrigation and usé of high~yielding
varieties. Yurthermére, in anticipating the target yields al the full
developmont-stage,'the present maximuw yields obtained not only in the
 Project area but also in the Jordan Valley and those¢ reported from the
neighboring countries specialized in the cultivation of specific crops
were used as the guidelines. Present differences of crop yields between
Class I and Class II areas will dlsappear almost comple}ely The effect
cof longwrange fluction in rainfall was taken into consideration in anti-
cipating the crop yields. The following table presents the anticipated
yiéldiof each crop under "With Project" and "Without Project" conditions

{ref. Annex V).

Anticipated Tuture Crop Yields

Crop With Without Crop . With Without

{(ton/ha) (ton/ha) {ton/ha) (ton/ha)
Tomato 25 13 Wheat (irrigated) 3.5 1.4
Eggpl ant 23 12 (non-irrigated) - 0.8
Sweet pepper - 7 Barley (irrigated) - 1.4
Potato 2 11 (non—lrrxgated) - 0.6
Cabbage 20 14 Sweet corn 5 -
Cauliflower - 15 Alfalfa _ 80 -
Jew's mallow - 11 Berseem 60 -
Cucumber 14 T Fodder maize 50 -
Squash - 10 Citrus 25 10
Water melon - - 14 Banana - 14
Broad beans i5 7

4.3.8 Animal Husbandry

Ddify—farming in the Jordan Valley has recently made gradual progress
by private sectors. The Governmeni's plan aims at encouraging and expand-
ing”local dairy industries to process the anticipated increase in milk

production. For this sake, in the Jordan Valley it is expected that a
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‘substantially large amount of fodder crops will be produced under irrigat-

ed condition.

Farm-economic benefits from dairy~farming on the basis of irrigated
fodder crops are initially smaller than from vegetables, bub the dif-
ference.will decroase over time. Furthermore, fodder crops £it well
into any votation scheme. Moreb#er, large amounts of indispensable
organic manure for. an intensive cultivation of vegeﬁables and fruits

will be produced by the dairy herd.

Taking into account the above and climatic suitability for citrus
. , v o1 T .
cultivation, it is recommended that the Project area will function as
the main avea of fodder crop produclion and suﬁport the improvement of

dairy-farming in the Valley.

4,3,9 Gross Farm Inputé and Crop Production:

Annual requirements of farm inputs at the full development stage
of the Project are calculated at 91.5 ton for seed, 838.3 ton for
‘ammonium sulfate, 406.9 ton for triple superphosphaté and 29.2 ton for

agro-chemicals.

_Total amounts of crop production expected under "With Project" and

"Without Project" are estimated as given in the following table.

[

Annual Crop Production (1,250 ha}

Crop Without With Crop ¥ithout VWith

(ton} {ton) _ (ton) {ton)
Tomato 1,170 6,750 Broad beans 175 1,510
Eggplant 1,080 2,320 Wheat 590 35%
Sweet pepper 710 - : Barley - .60 -~
Potato 165 710 Sweet corn - 340
Cabbage 420 675 Alfalfa - 8,100
Cauliflower 150 - Berseem - 5,075
Jew's mallow 220 - Fodder maize e 8,440
Cucumber 140 945 Citrus 2,650 11,000
Squash 450 - Banansa 1,130 -
Water melon 3150 -
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4.3.10 Production Cost

With help of data collected through the farm survey and obtaincd
from the official statistics, the direct production costs per hectare

exeluding water charge are estimaled as helow,

Direct Production Costs

Seed & Ferti- Agro- ‘Machine~
Crop seedling lizer Chemical ry cost Total
(dD/ha) (JD/ha} {30/ ha) (3D/ha) ID/ha)
Tomato. 26.0 85.0 53.1 27,5 191.6
Bggplant 32.5 85,0 47.6 27.5 7 192.6
Potato 110.0 85.0 46,2 42.5 283.7
Cabbage 7.0 78.0 43,0 27.0 155.0
~ Cucumber 18.5 £8.0 49.8 31.0 167.3
Broad beans 32,6 68.0 43,2 25.0 168.8
Vheat | 4.4 13.0 1.8 16.0 35,2
Sweet corn 2,0 22.5 21.1 18.0 63.0
Alfalfa 15.0 45.0 26.0 22.5 108.5
Berseem 14.0 45.0 26,0 22.5 107.5
Fodder waize 16.0 45.0 14,0 37.5 112.5
Citrus IOS-OéL 90,3 57.3 21.0 273.6

/1 Annual depriciation cost or replacement cost.

Annua) hired labor costs of both faxm types are estimated at JD 406,8
per 4 ha for the farm type A, JD 195.6 per 3 ha for the farm type A
and JD 417.6 per 3 ha for the farm type B, Annual family lebor costs
of which unit rate is equivalent to 75% of the hired labor cest arc
estimated at JD 523,8 per 4 ha for the farm type Ay JD 480.6 per 3 ha
for the farm type A and JP 600.3 per 3 ha for the farm type B.
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4,3,11 Incremental Net Value of the Project

Net production values of the Project under the condition of "With
Project" and "Without Project" at the full development stage are
estimated basing on a farmgate piice of cach crop (ref;.Section'6.1.2
and Annex V), The summarized reaults of the'EStimation'are presented
in the following table., The difference of JD 830,000 botween both the
net production values could be fegarded as the benefit attributable to
the Project.

Net Production Value

s
Without Project With Project
{JD) (JD)
(¥Y) Gross Production Value. 532,600 1,574,900
{(2) Production Cost 397,400 609,700
a. Farm input cost 115,000 284,200
b, Labor cost ' 282,400 325,500
(3) Net Production Value 135,200 96%,200

{1y - (2)




4.4 JProliMihéry ?ésigﬁ -

4,4,1 Dan aﬁd'RQSGrvoir
(1) - Seale

As aforémontioned (ref. Sections 4.2.4 and 4.2,7), the basic
d1mensions of the dam and reservoir have been selected. They are

summarlzed as’ £ollowss

Basic Dimension of Dam and Rescervoir

Ttem . Dimension
Effective capacity of yeserveir 1 10.0 MCM
Dead capa01ty of reservoir : 2,1 MCM
Gross capa01ty of reservoir H 12,1 MCM

El. -140.0 m

Low wahe level

High water level A El, ~115.5 m
Drawdown - : : 24.5 m

~ Hight for flood contxol capac1ty : C 3.5 m
Freeboard ; ' 2. 0 m

Crest elevatlon of dam C Ty _ El.‘*llo om
. ’ . El- "16400 m

-

Ri?er'bed elevation

Height of dam {above river bed) :  54m

Preliminary designs.of dam and spillway were made based on the above
figures., R ' .

(2) “Type of Dam

2 o b T v S

The both banks of the damsite con31st of heavily weathered chalky
marl:and_llmostone. The river bed is covered by 3 to 10 m thick river
dép&sit) and mari_undquies. Geology being as such, the damsite is not
suitéd for a concrete dam of any kind due to low bearing power, but
suitedlfof'fill.typé dam. As the fiil dam, four types are conceivable,

and £i11 slopes were calculated on each type.



Conceivable Dam Type and IFill Slopes

_Type o ' Slope
_ Upstream Downstream
(1) ilomogeneous earthfill - L 3.0 1: 2.8
_ g and 4.0

(2) Zone rockfill ' 1 4.3 1:-2.8
(3) Imporvious surface membrane type, ' _

“with marl £ill 1 3.7 1t 3T

(4) do , with limestone fill 1: 2.8 1 : 2.8

Note: Seismic coefficient: 0.1 to 0.12

By the comparison, (2) and (3} are eliminated first hecause of required
gentler slopes, consequently larger fill volume. It seems”that {(4)
requires less £i11 volume than (1), but such £ill for (4) is accompanied
by technical difficulties not to allow the dam embankment any settlement
due to the nature of the membrane. As for the fill materials, (4)
requires to use fresh limestone. Such limestone will have to be sought
for deep underground, accordingly will become very costly. On the other
hand, the carthfill material of good quality for (1) will be available
amply from the surface of deposit near the damsite. Thus, for two
reasons such as. the technical difficulty and the cost of the fill

materials, (1} the homogeneous earthfill type was selected for the

Projéct.

{3) Preliminary Design of Dam

.-....._.-._.......,.._...............-...-.._-....--..-....._

Phe erocss section of dam consists of the homogeneous earthfill with
~ some soned filters {(ref. Wig. 4-7). 'The crest set at Bl. -110.0 m is

8 m wide and 424 m long. The upstream surface is riprapped and two
lines of berms run on it, Slope is 1:3.0 and 1:4.0 above and below the
upper bem respectively, The downstream surface has no berm and the
slope is uniformly 1:2.8. A cut—off trench runs along the dam axis, and
an inspection gallery runs below Fl. -140 m. A water stop curtain wall
will he grouted from the gallery in three rows to a depth of about 35 m.
The velume of total embankment is esbimated at 2.3 MCM, of which 2.15

MCM is of impervious material,

- 57 -



The crest elevation was determined to secure the dem against the

maximum design £lood of 570 m3/see having 1,000 years® return period.

The cress scction of dem was determined basihg on the stability
calculation which was made on the circulaf slide surface of the maximum
eross section. The calculation performed by electrbnic computor wasg
conditioned with the design values which were induced from the actual
data obtained by the s0il mechanical tests on the samples. The design

values applied in the calculation are summarized in the table below;

Design Condition for Dam Body

Particulars Design values

¥ill Material:

Wet density (t/m>) 1.86

Saturated density (t/mj) 1,98

Sheerihg strength (+/m2) 5.0 under CU L
Internal friction angle (©) 22,0 under CU
Coefficient of permoability:(cm/sec) 1 x 10—

Besign Conditionst

Dam height (m) 68.5% [2
High water level (Ki. m) ~112.0
Low water level (El. m) ~140.0
Seismic coefficient
for‘upstream 0.10
for downstream 0,12
Safety factor should be more than 1.20

Consolidated and undrained condition

S

Total height of the dam and assumed depth of trench



The following velugs for the river deposit on the dam foundation

wore asswied and applied in the calculation as well.

Design Condition for Dam Foundation

Particulars ' Assumed values

River Doposits

Wet density (t/m3) 1.60

Saturated density (t/m3) 1.80
Sheering strength (t/m?) 0.0 under Uﬁ'él
Internal friction angle (°) _ 33.0 under UU

/1 Uncomsolidated end undrained condition

The results of the calculation were as Tollows:

Calculated Safety Factor

Safety TFactor

: Upstream Downstream
Reservoir Condition Side Jide
High water level : 1.22 1.33
Rapid draw-down 1.25 -

_ The safety factors obtained became more than 1.20.Zl Then, it was
proved thai the dam body with the aforementibncd slopes was safe from

slide.

Two layers of horizonial drain and one layer of vertical drain arc
provided in the dam to release guickly the pore pressure and seepage

water from the dam body.

/1 The slopes of various types of the dem shown om page 38 were

also those oblained through the same process of calculation.
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4.4.2 Spillway

Because of the topography, the spillway of side channel type is
located on the right babk, The spillway consists of the ungated over-
flow crest, chute way and Stilling basin, The design capacity is

570 m3/sec, the probable flood with 1,000 years' return period.

Phe overflow erest is set at El, ~115.5 m and 44 m wide. The
chute way is rectangular, 20 m wide end 350 m long., The stilling
basin is 59.m long having a trapesoidal crosgs scction, and the chute

blocks and ond sill are arranged in it,

' ~
The spillway site is covered mainly by limestone weathered to

2 m from the surface. The spillway have to be constructed after removing
such weathered rocks, and such rocks are to be used as the fill material

in the deownstream portion of the dan,

4.4.3 Divorsion'Works

For the river diversion during the construction of the dam, the
diversion works consisting of the‘coffer dam and diversion tunnel wjll
be constructed, The coffer dem, 19,5 m high, of which crest is set at
El. -144 m will be included later as the upstream portion of the main
dam, The diversion tunnel is & circular pressured lunnel with 4.9 m
diemeter. It is 290:m_10ng and runs through the right bank. The capacity

is 170.m3/sec which corresponds to- one third of the capacity of the spillway.

The end part of the diversion tunnel is conneceled to the end part
of the chute way of the spillway, by an open channel, Thus, the diversion
tunnel will, after the completion of the dam, be converted to the emergency

drain tunnel to empty the reservoir water helow El. -140.0 m in an emergency.

4,.4,4  Intake Structures

(1) General

o

The proposed intake structures consisis of three parts such as the

inlel struclure, waterway conduit, and outlet structure. The whole intake
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structures serve to take water from the reservoir accovding to the
discharge required by the users of irrigation water, It is required to
keep the water level at the outlet structure constantly at El, -140.3 m,
Hence, the wheole intake structures have to function to contral the intake
discharge as well as to dissipate the excessive water hcad, Owing to

the topography, the intake structurés were ioc&ted on the right bank

side.  The basic design conditions are as follows:

Discharge capacity: : 1.86 mj/sec
Minimum water level: Bl., -140.0 m

Drawdown in the reservoir: 24.5 m

{2) Inlet Structure

The proposed inlet structure will bave a function to control
npproximately the intake discharge and to stop the discharge in case
of accident in the outlet or conduit. A tower type structure is
conceivable, but the tower and operétion bridge are relatively costly,

Hence, an inclined conduit entrance with gates was selected.

The inlet structure was located on the northern hillside on the

right bank just upsteam from the dam. The inlet structure consists

of an inlet conduit with orifices and hydraulically moved top-seal gates.
The conduit is connected with the waterway at the lowest end. The lowest
orifice is placed sufficiently below the lowest reservoir operating level
of El, -140.0 m. The length of the inlet conduit along the slope is 59 m
with orifices of 8 to 5 m intervals in height., 1Inside of the inlet conduit
is circular, in diamecter, 1,6 m lined with steel. The access road is pro-

vided connecting the inlet structure with the control house,

(3) Waterway Conduit

For the waterway of the intake structure, a tunnel type and a cut-and-
cover conduit type are conceivable, It is possible to construct both types
of structure under the given geological conditions. However, the cut-and-

cover conduit ﬁype was selected based on the comparison of construction cost.
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Since the waferWay conduit passes undor the dam, it is necessary
to econsider & sefe désign of the conduit sgainst the water leakage.
The entiré conduit is horizontal and designed bto rest on the bedroclk.
The 6onduit was designed to be of reinforced concrete with cutoff walls
and steel pipe is used to line the inside of tho conduit. The conduit

is 300 m long.

{4} Outlet Structure

It is requived to keep the stilling water level at El. ~140.3 m
al the’ outlet in order to operate the sprinklers, To dissipate the
excess water head caused by the range of reservoir water level, a
butterfly valve and a stilling valve were arranged in the outlet
structure., The controlled water flows into the discharge chamber
where an overlow spillway, 5 m3/sec in capacity, is provided. Then,
the stilled water fldws into the regulating chamber through an orifice.

The carrier pipe starts from the regulating chamber.

“The water levél in the regulating ¢hamber is affected directly
by the varying demand of wvater in the irrigatidn area. Hence, an
autbmatic'watef level gauge'cbnnected with the controller of the
hutterfly valve is provided in the regulating chamber, so as to

adjust the discharge with the actual demand of water,

4,4.5 Carrier Pipé Line -

The carrier pipe functions to convey water from the intake of
the dam bo the distribution pipe line of the sprinkler irrigation:
_systems'of.the Project.and the IDA Project. To economize the cost,
it is better to lead water for the béth Projects through one pipe line

from the intake to the joining point.

The pipe line systems of the both Projects are connected directly
at onc joining point on the carrier pipe (ref. illustration in. Section
4.2.8). At this point, required water head for the Project is lower than
that for the IDA Projeét. To dissipate this difference of both heads,
the pressure regulating device is arranged near the joining point putting

use of the Lopography.
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The carrier pipe is made of stecl owing to its high~reliability,
durability and economy. The sizo and length of the carrier pipe are

as follows:

Dimension of Carrier Pipe

Portion C&paeity Diameter Total Length
(m3/sec) {mm) (m)
Prom Intake to Joining Point 1.858 41,350 2,500

From Jeining Point ‘o
Distribution Pipe 1.208 $ 1,200 763
(IDA Project)

Total 3,263

4,4,6 Distribution System

(1} Irrigation Network

‘The semi-portable sprinkler system was selected as the irrigation
system suitable for the Project area based on the comparative study on
three altgrnative irrigation systems {ref. Anuex VI). The selected
semi—portﬁble sprinkler system comprises, in one farm (3 to4 ha), one
farm main line and two portable laterals {or fly lines) each with 15
sprinklers. The farm main line is equipped with fly line turnout to
connect the pdrtable laterals, and connected to the headgate unit main
line through the farm turnouts. This system in one farm is the smallest
integral component unit of lhe whole irrigation network. The headgate
unit main lines are connected to the distributary pipe lines through
the headgate unit turnouts. The distributery pipe is linked to the

carrier pipe through the regulating structure at the jeining point.

{2) Farm Size and Headgate Unit

o o ot e o ok 8. R R Ak S i s e ok S kR R s

Taking into account the given static head and kind of crops Lo be
irrigated, intermediate-pressure sprinkler was selected. A spacing of
12 m x 12 m betwoen sprinklors and also between the fly line turnouts
was selected considering ihe local conditions especially wind speed.

The maximum lenglh of the portable lateral is limited to 180 m to aveid
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the decrease in the given static head within each lateral. From this
spacing, the standard farm size for DA} was selocted to be 180 m x 216 m
(= 3.9 ha) net. The typical size for DA4 and DAS was assumed to be

180 m x 167 m {= 3.0 ha) net to avoid modification of the existing farm
plot., The typicél layout of farm system are shown on Fig. 4-8,

Normally, eight or ten farm plots are incorporated into one heoad-
gate unit according to the possible routes of pipe lines and shapes of
plots, 'The average arca of one headgate unit becemes about 30 ha. The

'whole_Projeét area consists of 41 headgate units.

(3) Irrigation Method _ . y

. A seven—day irrigation interval will be applied.in the Project area
in view of the total readily available moisture of soils in the root
zone and the prevailing farm practice, The present irrigation interval
prevailing in the gravity ifrigaﬁion area in the Jorden Valley is al-

rea&y the seven-day irrigation interval including one~day off operation.

On each farm plot, the farmer will alternately operate iwo portable
laterals for every eight hours at the full operation period when the peak
net irrigation water requirement occurs. At of f-peak Lime; the operation
hour of each lateral will be shortened according to the net irrigation
water requirement. The two laterals, when used, will be spaced by one

half length of each farm main line.

Within one headgate unit, two schemes of rotation cropping will be
practiced (ref., Section 4.3.2). They are the four year's and eight
year's rotations which will be perforﬁed over eight to ten farms by

eight to ten farmers according to the eropping schedule,

{4} System Capacity

UL SRS PV

The capacity of the minor installations to commend less than 50 ha
was designed to meet the peak net irrigation water requirement bj a
particular crop. This peak value is 195 mm/month in July by the sweet
corn. 1In the design, an application loss of waler by the sprinklers

was added Lo the above value. Thus, one portiable lateral will be able
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Fig. 4~ 8 TYPICAL LAYOUT OF FARM SYSTEM
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Lo apply 52 mm of water in one operation of eight hours whieh will be
made once in every seven days. - On the other hand, the capacity of
major installatiens in ﬁhe network was designed to meet the peak net
water requirement of the overall cropping pattern proposed plus an
allowance of certain percentage to cope with the possibie excess use
and the'conveyance loss. Based'on the peak value of 109 mm/month in
July, the folloﬁing criteria for the capacity of pipe line was applied

in the'preliminary design.

Criteria of System Capacity

Classifigation Ares. to be commanded Criteria Cdpacity
‘ ’ £1it/sec/ha)
"Minor Installation  less than 50 ha ~peak waler use 1.0

by sweet corn

Major Installation 50 ha t{o 100 ha -average water 0.7
use pius 50%

~ do - 100 ha to 250 ha -average wvater 0.6
use plus 30%

W

-~ do - more than 250 ha —-average vater 0,
' use plus 20%

(5) Features of Distribution System

The length 6? the distribﬁtary pipe lines totais 10.8 km and their
dinmétefs'range from éOO to 700 mm. ‘The total length of the heodgate
unit main lines becomes 31.1 km and their diameters range from 100 to
300 mm. FEach farm main line has the diameter of 100 mm. - The pipes will
be equipped with many kinds of accessories such as the sluice valves,
air release valves and drain valves. Also, a pressure regulater, a dis—-

charge- regulater and a discharge-meter will be equipped to each ferm

turnout in order to let the sprinkler sets work in proper conditions,
and to measure the amount of water used,

The distributary pipe, headgate unit main and farn main lines are
buried aionglthe roads in order to reduce the'right-ofmway area and
facilitale easier operation and maintenance,'while_the portable laterals

are placed on the ground surface.
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4.4.7. Drainage Facilities

It is considered that a waste of irrigation water will not occur
under well-operated sprinkler system. Under the Project,.therefnre,
it is planned fo drain excess water on the Field cavsed by heavy
reinfalls, PFrom the daily records of the Shuneh North Station,
design rainfall was estimated at 60 mn as a 24-hour rainfall with
10 years return period. ‘Then, the drainage requirement was determined

to be 3.8 1lit/sec/ha applying the Rationdl formula.

The proposcd dralnago system con31sts 6f the field dralns,
collector 'ralns, secondaly dralnage canals and a main dralnage cangl.
The field drain collects the excess Water on the field and joins with

the collector drain. The collecto1 draln laid along the farm roads
'conveys the excess vater into the second&ry or the main drainage canal,

The outlets of the main dralnage canal join the Jordan river through

the Wadl Arab.

Among 4.6 kit of the existing main drain in the Project area, 3.5 km
-will be improved and used as thé proposed main drainage canal with tlhe
‘design capacity of 2,00 to 0.34 mj/sec. The secondary drainage
canals total 5.1 km including 1.1 km of the existing main drain and
their design capacities range from 0.74 to'0'07 mjféec. Total length
of the collector drains is 32,9 km and their capa01tles range from
0. 25 to 0.0} m /bec. %t 34 points where the drains ¢ross the farm

roads, drainage culverts of pre-cast concrete pipe are provided.

The said network of the drainége canals are designed to have suf-
ficient depths good for the leaching purpese. The leaching operation
would be conducted from time to time when a salt accumulation happens,
Water for the 1each1ng application may be available from the three

Wadls atl the end of rainy seasons.

4.4.8 Roand Network

There exist 5.5 km of asphalt road, 12,0 km of gravel roads and’
27.5 km of earth roads in the Project area, These existing roads will
form the ﬁroposed road network covering the Project area. Out of them,
35 km of poor roads will be improved by gravelling to sccure all-
wenther motorable condition, In addition Lo the improvement plan,
new gravelled road of‘l2.4 km will be constructed to strengthen the

function of the proposed road netiwork,
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4.5 Construction Plan

4,%,1 General Construction Plan

Except for the £imo nceessary for financing, the implementation
of the ?roject will require physically 48 months including the time for
the detailed survey and design, the preparation of tender documents,
the tenderings and contracts, the construction of prepaf&tory and main

works, and the trial operation of constructed facilities.

As the Project requires some minor modifications in design and
construction works of the IDA Project, the implementation of the Project
wil) have to be carriecd out strictly on schedule and such schedule have
to be so preparcd as Lo bring about the poss1ble earliest complotlon of
the Projecl. Along wilh this principle, the detailed survey and design
will have to be started in April 1977, and lhe whole comnstruction

works will have to he completed by the end of March 1981.

A1l the construction works are bo be entrusted in one contract to
the skillfull, experienced and competitive contractor/contractors under
the supervision of the gqualified and experienced consulting cngineers,
because the schedule is tight and have to be kept striectly, the scale of
the consbruction is large, and the nature of the construction works is

_ccmpiicatcd These contractor/contractors are to pe scleeled through
competitive blddlngs, and the lenderers' status are to be limited and
_quallfled under the provision or guidelines of the loan agreement,
The cohstructjon machinery and cquipment, the materials, and the goods
necessary for the construction are to be supplied and/or provided by

the conlractors.

The preparatory works include the access roads, power generation
and supplying facilities for the construction plants and lightings
of the work sites, water supply facilities, and construction camp
ineluding offices, loboratories and living quarters. To cusure the
commencement of the succeeding main works, the preparatory works will

have to be complcted by August 1979.
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_ The main constrﬁotion works cover the dam, spillway, intake
siruciures, carrior pipe, distribution system, drainage, and farm roads,
The eritical path of the main construction works will oxist on the dam
works which will require 22 months, The dam works will have to be

commenced in:-June 1979 and comploted in March 198},

4.5,2 Construction Materials

The construction materials available in Jordan are the earthfill
materials, filter materials, rock materials for riprap, fine and coarse
concrete aggregates, cement, fuel, and oil products. All other

materials have to be procurecd from abroad.

In the river bed of the Wadi Arab, a deposite of uncemented gravel

3 of concrete aggregotes

and sand exists, Prom this deposite, 96,000 m
and filter materials of reasonable qualily are available, As the
requirvement for the aggregates and filter is estimated at 132,000 m3
the difference 36,000 m? will be supplicd from the upper part of the
river itorrvace to be excavated for the dam foundation., The deficiency
‘of the finc aggregate for concrete will be manufactured in the crushing

plant to be installed for the Projecet.

The £ill materials for the main dam body will be taken from a
deposit area through which the North Shuneh-Irbid road runs,
This deposil belongs to the alluvium of Quarternary, Genozoic, and
the amount is estimaled at 2.5 MCM to 5.5 MCM (2 km long, 250 m wide and
5 to 11 m deep). Thus, it will be possible to take all the earthfill
material from this deposite only, though two other small deposits of the

gsame material have been found.

The materials for the access roads and farm roads such as the
subgrading, grading and blinding matérials will be supplied from the

uncemented screc deposits along the access roads,

As lor cement, the Portland cement manufactured in the cement

factory in the Salt city will be used. From Salb city, cement will be
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transported in bulk by the cement transportling trucks,

4.5,3% Construction Plant and Bquipment

As the scale of the consiruction works is large, and the labour
foree available Lo the Prdjoct construction will not be amplo, the

construction works nced to be fully mechanized.

Currently, there is no available existing construction machinery
and plants neither from the Governmental nor from the contractors in

Jordan, Hence, they have to be sought from abroad,

To procure such construction machinery and plants, two methods are
coneeivable, One is bhat JVC will procure them by force account and
supply them to the centractors. The other is thal the comtractors will
supply them, According to the trial comparison, the former methoed
will become less ¢ostly than the latter to some extent, MHowever, as
a custom of the Government of Jordan and JVC, the preceding conslruction
works were all performed by ilhe latter method., Consequently, JVC does
not hold the troop of mechanics and facilities such as motor pools,
maintenance shops and implements. Therefore, the latter method will

be applicd also o the construction works of the Project,

4.5.4 Construcﬁion Schedule

As aforementioned, the implementation of the Project except the
fund procuvement will require 48 months. The commencement of the
detailed survey would be in April 1977. Then, the completion of the
construetion works would be in March 1981, Along this line, the

construction time schedule was prepare and shown on Fig. 4-9,

The detailed survey consisting mainly of the topographic and
geological surveys would be conmenced in April 1977, the boginning of
the dry season. The detailed design and preparation of tender docu-

ments will fellow immediately.
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Fig. 4-9
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Tho tender dooument for the pfeparatory and main works covering
tho dam with spillway and intake, and the irrigation facilities will be
completed in.Maich_IQTS. The tender will be made immediately, contracts
will be awardéd in July 1978, and the constnuction works will be commenced
in December 1978. As the geological surveys of the dotailed survey will
take longer bLime tham tho preparation of the Londer documenbs the
geo]ogicdl survey inciuding the aditting works will be continued in

parallel until the commencement of the dam works,

Without waiting for the full completion of the dam, supply of water
for the IDA Project will be commonced brospoctively in November 1980,
Thc.ﬂistributidn system of the IDA Projecl would have been completed
by that time. Within chober‘1980, the intake structures and the dam
up to E1. =135 m (5 m above ihe intake water lovel of Bl. ~140 m) will be
‘ccmpleted. llence, the start of water supply in Novewber 1980 would be the

earliest possible time, and the wet season crop of 1980 would be irrigated.

The dam and the irrigation system of the Project will be completed
finnlly in March 1981, Ppul11 operation of the both Projects will be

realized at the same time.

4.5.5 Construction AdminiStration

Jvi wou]d be fully responsible for the conslruction of the project
facilities, ~Supervisory function would be undertaken by the Wadi Arab
Project Office to be organized by the members of JVC, As the present
slaff of JVC is quite limited, a Leam of consulting engineers would be
employed to assist the Projecl Office in conducting the delailed survey
and design, preparation of tender documents, biddings and supervisory
works, General scope of required consulting services is set forth

in Appendix 1,

Land acquisition including approximately 40 ha, 22 ha and 26 ha
of existing farm lands respectively for thé construclion camp, reserveir
arca and the borrow arca of fill materials would have to be setiled by
the Project Office in due time prior Lo the commencemenl of the

respective construction werks,
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4.6 Cost Estimates

4.6.3 Capital Costi

Total capital cost is estimated al Japanese Yen 12 billion
equivalent (JD 13.3 miilion) of which foreign curréﬁcy component is

67 % or Yen 8.1 billion.

The cost estimales are based on the.ratgs and prieceés prevailling
in similar works in the Jerdan Valley for local currency portion and
the international prices for foreign currency portion. Base of the:

cost estimates is mid-1976 prices, . L

- The costs of the construction works are estimated on an'assumption
that the works would be carried out by contractors selected through
~international bidding and that the constructlon machlnery and eqguip-

~ ent are supplied and/or provided by the contractors,

Physical contingencies.of Yen 536 million and JD 282,000 are
included in the cost estimates., It accounbs 10% for costs of dam and

irrigation works and 5% for other costs.

“Price contingencies are estbimated compounding the following annual
inflation retes: 6% (1977/77), 8% (1977/78, 1978/79) and 7% {1979/80,
-1980/81) for foreign currency portion, and. 8% (1976[77‘to.1978/79) and
(A {1979/80, 1980/81) for local cutrency portion. In view of the past
experionce of cost overrun in the projects in Jordan, it is advisable

to reserve enough emouni for price escalation.

Details of the cost estimates are given in Annex V111 and are

swmwmarized In Table 4-3,
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Table 4-3 Summary of Cost Estimates

- : Poréign " Local ‘ . Foreign Lodﬁl Foreign

. Deseription. Portion _Portion Total Portign Portion Total Component
L e CERRET IS ¢} [ — S (RO 73Te) R — (%)

~ Preparatory. . _

Works 360 130 _490 398 145 543 73

Dam Works 3,000 1,684 4,684 3,317 1,880_ 5,197 64
Diversion 340 116 456 376 130 506
Dam 1,930 887 2,817 2,134 990 3,124

 Spillway 550 609 1,159 608 680 1,288
Intake "180 72 252 199 80 279

Irrigation _ .

Works 1550 519 2,069 1,714 580 2,294 75
Carrier pipe 450 121 571 498 135 633
Distribution ‘ ‘ ‘ ‘

pipes 1,050 231 1,281 1,161 258 1,419
Drainage 10 39 49 11 44 55
Farm road 40 128 168 44 143 187
Land .
~Acquisition - 134 134 = 150 150 -0

Engineering and

Administration 900 247 1,147 995 276 1,271 78
Sub=total 5,810 2,714 8,524 6,424 3,031 9,455 68
o e e e

Coatingencies 2,260 1,186 3,476 2,531 1,324 3,855 66
Physical 535 246 781 591 274 865
Price 1,755 940 2,695 1,940 1,050 2,990

Total 8,100 3,900 12,000 8,955 4,355 13,310 68
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4,6,2 Tund Requiremoent

pecording to the proposed implementation time schedule the yearly

work volumes were caleulated and yearly fund requirement are estimated

as below:
Yearly Fund Requirement

Year!' Foreign . Local Total

{million Yen) (JD 1,000} {(million Yen) {(Jb 1,000)
1977/718 597 228 : 801 888

) rd
1978/79 2,599 655 3,186 3,528
1979/80 2,496 1,874 4,174 4,634
1980/82 2,408 1,598 3,839 4,260
Total 8,100 4,355 12,000 13,310

/1 From April to next March

/2 Interest during construction is
not included
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vV CRGANIZATION AND MANAGEMENT

5.1 Generdl

JVC will be fully responsiblé for the implemontation of the Project.
JVC would receive the Project fund and act as an execuling sgency for
the implementation, JVC would establish a special organization with
qualifie&:staff for the m@nagement. In recfuiting the sfaff, JVC would
need to have colaboration with other government egencies because of its
limited staff,

In many other cases of ﬁrecéding'projects,'it has been so used thét
JVC after coﬂpiéting the project facilities transfers to NRK‘the operation
and maintenance of the completed facilities, and the agriculbural extension
is made independently by the Department of Agricultural lesearch and
Extension of the Ministry of Agriculiure. If the present customary
manner is.retained in the future, the case of the Project would follow

the: precedents,

~ In the present Five Year Plan (1976-80), it is read (on Page 252)
that:

Mpyansferring the responsibility of operating and maintaining
irrigation projects from NRA to JVC in respect of Joxdan

V&lley projectsj ELE

When this Policy Measures will have been realized by 1980, the operation
and maintenance of the facilities of the Project which will be completed
in March 1981 will’be.undertaken also by JVC in continuation to the
implementation, This manner.in which résponsibility is assumed con;

sistently by JVC is considered more desirable than the present manner.

The Ministry of Agriculture, Department of Research and Extension
would provide extension and research services and training suppofﬂ for
the Project, The Agriculiural Marketing Organization (AMO) would manage
the packing and grading stations and the primary markets of which con-

struction work will be done by the FPublic Works Department., AMO would

- 77 -



also.be respbnsible Tor providing facilities for marketing and marketl
intelligence, With a view teo transforring AMO's funetbions to the newly
established Farmeis' Association (FA), AMO would train professionsl

staff of FA, Agricultural Credit Corporation {ACC) would be responsible
for assessing the eredit requirements of the farmers in the Project area,
with the assistance of the extension staff and FA, and meeting these

reguirements in time,

5;2 Water Mﬁn&gement

Either NRA or JVC according to the then situation will be fully res-
ponsible for the 6peration of the new system which will use the combined
water from three water resources, namely; the Wadi Arab through Arab dam,
the Wadi Zigléb through Ziglab dam.and the Wadi Jurum through its intake.

In the beginning of every dry season, the annual water distribution program
for the next-hydfologic ye&r.will be prepared. Such program will be announced

to ‘theé users,

In provision against emergency cases like an aceident in the main
- pipe line, it is essential to equip the obsecrvation divices of water levels

.in° the two reservoirs and available discharge from threc intakes,

NRA or JVC will also be responsible for the operalion of the system
from inbtake to headgate unit turnouts and maintenance of the whole system,
The ditch riders who are belonging at present to NRA will operale the
headgaté uhit turnouts, Rach ditch rider will operate two of the said
turnouts every dayv, and read the discharge-meter {ref, Sections 4,3,3 and

4,4,6),

Until the users will become skilled in the sprinkler irrigation
techniques, NRA or JVC would provide the users wilh adequate guidance in
operatibn methods of farm turnouts and portable laterals within each head-
gate unit, Along with this, farming guidance will be given jointly by the
ditch riders and the agricultural extension workers who belong to the North
Shuneh Agricultural O0ffice, Thus, bhe usgers in the water unit which coincide
with the headgate unit will become to be able bo operate the on—Farm irrige-~
Lion service facilities in their units, They will also become bto be able
to prepare Lhe cropping schedules and work plans of their units by them-—
selves within the limit of irrigation waler availabilily according Lo the

aforcmentioned disiribution program,
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" The Watér charge will have to be collected by NRA or JVC to recover
the whole amount of operation, meintenance and replacement, and if
practlcahle to recover partly the initial invesiment, The ditch riders
will cloim to the water units the amounts of water charges according to
the readings of the discharge-meter, Shares of wator charge of each
user will be collected within each water unit, and the collected amount

wiii be.delivered hy the water unif to NRA or JVC,

5,3 Agricultural Extension Services

To assist the farmers in establishing a proper cropping plan and
schedule as well as to provide them with a timely guidance foxr farm
operation, the extension service in the Project arca will be 1mproved by
staffing, equlpmcnt and transportatlon facilities, The present staff
graduatlng from agrlcultural schools would be strengthened by recrultlng
unlver51ty greduates., Their work under close cooperatlon w1th the exper-~
imeht@l stations in Wadi Yahxs and North Shuneh would further be backed
by partétime technical advise of five subject mabtter specialists in

cereals, vegetables, fruit trees, plant protection and soil-irxrigation,

The Government has a plan to establlsh an Agrlcultural Vocat1ona1
Tra1n1ng Center at Wadi Yabis, The program consists of the tralnlng of
young farmers in a two year fulltime course in different agrlcultural
act1v1txes and the training of farmers 1ncluding ownexs, share ¢roppers
and farm labor in short practical courses to be programmed in accordance
with the nece531tles and natu1e of the agrlcultural conditions in the

Progect area.

5o Agficultural Researech Works

A new reseanrch program, of which main purposes are the increase of
yields, the reduction of productiion costs and the improvement of pro-
duction quantities as well as qualities to satisfy the marketing demands,
has been stated by the Department of Hescarch and Extension, Ministry of
Agriculture. Both Wadi Yabis and Bagura experinental substations will
be equlpped and staffed more so as to be able to conduct various experi-
mental works under the following programs., All the works will be coordi-

nated with the extension service and other related institutions scting
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in the Valley.

(1) Introduction of new vﬁrieties,

{2) Studies on planting time and methods,‘

{3) Pertilizer trials,

(4) Wator requirement trials,

(5) Leaching tests on soil salinity,

(6) Off-season crop growing under plastic tunnels,

(7) Processing studies on tomato and other vegetables, and

(8} Plant protection trials,

5.5 Marketing Services

AMO would bro#ide the farmers with markel inteligence ahd guidance
for marketing of the produce. Por this sake, AMO would construct newly
two assembly markets and provide staff to supervise them, To supply the
market Pacilities which include premisbs, accounting, lighting, security,
cleanliness, operating staff, weighing etc., AMO would charge a fee of

1% of the gross value of the produce sold in the markets.

The opersbional rights of the two existing packing and grading
stations at North Shuneh and Wadi Yabis would be transferred from
the Jordan Cooperative Organization (JCO) to AMO. After that, AMO
would maintain and manage them, For the costs of packing materials, a
fee of 5% would be charged by the both packing and grading stations,
Pheir produce of which/graded and packed amount totals 12,000 tons per
‘year would bring much higher prices than ungraded and unpacked in the
assembly markets, AMO would trensfer the packing and grading stations
as well as the assembly markets to the Farmers' Association (FA) when

FA staff becomes Lo be able to manage their operation,

5,6 Credit Services

After the completion of the Project construction, the farmers would
require short-term credits for incremental production costs to realize the
anticipate yield of crop and medium~term eredits for en-farm sprinkler
equipment, Currently, there are some private commission agents in the

Project area and they are extending such short-term credits to the farmers
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in cash and in kind, o replace such agents by ACC, it would be neces-
sary for ACC to demonstrate its abilily to expand its lending activitbies,
The funds required for AUC will be subsidized by the Government through
Jve,

The finanéial needs of farmers in the Project area would be assessed
by the local staff of ACC with the assistance of the extension servioce
and local representatives of PA, The asseésment'list would be forwarded
to the nearest branch of ACC which would give credit up to 80% of the
applied amount to the farmers, ACC would inform AMO the amount eredited
to each farmer, AMO would recover the short—term credit together with
due instalments of medium-term credit at the primary markets where all
farmers in the Project area would be obligated to sell their produce as
members of FA. Such function would Be transferred in future to FA,

ACC will iend to individual farmers in the Projeet area at its prevailing
rates of S% for short-term credits, with 1% refunded for timely repayment,

and 6% for medium—term credits.

5.7 Role of Farmers' Association

At the reqguest of the farmers for various institutional services
aforementioned, adequate services will have to be provided timely in
order to perform the intensified sprinkier irrigation farming. For this,
it is essential to make the management of institutional services unified
under FA and to identify bhe water units with the terminal unit of Fa.
Such terminal PA's unit will consist of eight to ten farmers, and the
proposed four and eight year's rotation croppings will be performed
among thesc member farmers. Thus, it will become possible to provide

adequately farmers with FA's services through the water unit,
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VI. ECONOMIC AND SOCTAL EVALUATION

6.} Economic Evaluation

6.1.1 Market Prospects

At present, the irrigation intensity and yields in the proposed
irrfgation arca are low because of insufficient water supply and in-
efficient cropping pattern. With the Project, the total production in
the Project area would be remarkably increased due to the ample and
efficient water distribution, the conversion to sprinkler irrigation,

" and the improvement of cropping intensity from 105.2% to 127.0%.

Production of vegetables in whole Jordan in 1975 was pstimated at
262,000 tons, out of which more than 160,000 tons or 61% were from the
Jordan Valley, According to the projection by FAOZL, the per caput
demand and total production of vegetables in 1980 will be 161 kg/year
and 523,000 tens respectively. High population growth of 3.5% per annum
and relatively high per caput consumption would create enough demand to

absorb the produces from the Project.

Exports of vegetables in 1974 amounted to 147,000 tons, mainly
tomatoes and eggplants. About 38,000 {ons of potatoes, onions, lentils,
etc, were imported in 1974. Vegetables is one of the most important
items of Jordanian exports, Jorden will hkeep enjoying the relative
advantage of the faclor endowment to the Jordan Valley which enables

the marketing and export of produces in winter and early spring seasons.

Production of citrus, the biggest exportable crop, was 109,000 tons
in 1974 out of which 96,000 tons were exported. The citrus production
in 1980 is estimated to be doubled, To be well competitive with citrus
from the West Bonk, the produce from the Project must be in better

guality,

Demand for fodder crops will be expanded coincidentally with the
basic policy in the current Five Year Plan to develop the livestoex

sector.

/1 Agricultural Commodity Projection 1970-1980, FAG, 1969.
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6.1.2 Economic Benefits of the Project

(1) Direct Benefits.

Major qhantifiable benefit is in production inerement, Production
in the future "Without Project" and "With Project” are shown in Section
4.3,9. Benefits with the Project have been derived from the increment
of net production vdlues after deduction of production costs from the
gross production value. The estimated production costs under "With
Projecf" are given in Section 4,3.10, In valuation of the production,

farmgate prices are used.

Parmgate prices have been obtained from the average wholesale
prices in the Amman Market in 1974/75 with deduction ﬁf Ehe commission
agent fees, marketing fees, transportation costs and packing costs,

The average wholesale market prices are the weighted averages of monthly
prices of December through August for citrus and December through.June
for vegetables. As the tredes between farmers and commission agents are
usually made under free competitive basis, it is assumed the estimated
farmgate prices reflect the economic value of produces. TFarm inputs

are traded through free markets, and the Government subsidies are
negligible., Import duties for citrus does not influence the market
prices explicity. Hence, farmgate prices derived from the average
wholesale market prices in 1974/75 were used in the economic analysis

of the Project.

Sacrificed benefits in the crop land to be submerged by the con-
struction of the storage dam are also included as negative benefits in

the estimation of benefits of the Project.

Thus, the annual benefits at full development are estimated at
JD 825,000, Full development for vegetables will be achieved after
five years from the commencement of the operation of irrigation system.
Citrus yield wéuld be started after fourth year and be increased stage-

wise reaching final target yield after sixteenth year.

{2) TIndirect Benefits

e e ey et o4 P

Besides the direct benefits, the Project will induce the follow-

ing major indirect benefits though it is difficult to quantity them.
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With the Project, the water currently used in DA4 and DAS over the
tands of 690 ha, about 8MCM anmually, will b% converted to the downstream
arcas along EGMC. This will bring about the betterment of production

in such areas in the Ffuture.

Under the Project farm roads of about 47 km in total will be con-
structed or improved., This will effect in reducing the losses of the
products, in saving the operation cost of the marketing vehicles, and

in improving the accessibility to the markets.

The Wadi Arab reservoir will provide good potential for the fishery
business. Irbid eity with about 600,000 inhabitants situaled 24 km from
the reserveir will be a major market of fresh fish. Also, the reservoir

will furnish a resort place which offers a landscape with lake.

6.1.3 FEconomic Costs of the Projectl

Economié costs of the Project consists of the investment costs for
a dam and irrigation facilities including the administration and engincer—
ing costs and physical contingencies, and the operation, maintenance and
replacement costs, In principle, economiec costs are to represent the
real value or opportunity cost of the actual investment. International
prices are employed in the valuation of cconomic costs of foreign curren-

cy portion and average market prices are used for the local portion.

Economic costs are summarized below:

wcononic Costs

Foreign Currcency Local Currenty
(million yen) {JD 1,000)
Investment Costs 6,346 ' 3,156
O, M& IR Costs
Annual Costs 60.0
Replacement Costs 638.0
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6.1.4 Economic Internal Rate of Return

From the viewpoint of national oconomy, the invostments for both of
the Project and the IDA Projedt are bto be considered as one lump of
investment for "the Wadi Arab Cbmplex.“ In assessing the national~
economic feasibility of the integfated investment for the Complex, it
ig reasonable to assume the total benefits derived from both of the two

Projects as the return to the said one lump of investmont,

Economic internal rate of return is calculated analysing the economie
costs and the benefits of both Projecls combined respectively, with some
adjustment {ref. Appendix 2). The rate of return is estimatéd at 13.5%
which would exceed the opportunity cost of capital, The total invest-
ment as a whole to the Wadi Arab Complex including the Wadi Arab dam
and irrigation fécilities for additional 1,250 ha is justifiable from

the viewpoint of national economic feasibility.

{2) Evaluation in Increment Concept

Next, incremental investment and return of the Wadi Arab Complex
between with and without the Project are analysed., The inecremental
costs and benefits are derived Ffrom the differences belween the costs
and the benefits of the IDA Project &lohe and those of the Wadi Arab
Complex (ref. Appendix 2).

The economic internal rate of return of such incremental investiment
is caleulated at 6.5%. This figure itself does not prove high economic
feasibility of the additional invesiment of the Project to the Wadi Arab
Complex. However, the justification should be done not only by the
analysis of costs and benefits guantified in money term but alse from
the viewpeoint of the social impacts or nonﬁquaﬁtifiable effects of the
Project, The social impacts of the Wadi Arab dam are so great as men-
tioned in the following Section 6.3. 1In view of the fullest use of the
scarece water, the creation of the Wadi Arab reservoir would have quite

a big significance to Jordan situated in semi-arid zone,
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6.1.% Sensitivity Analysis

'Sensitivity test was tried for the case of total concept in the
following three cages: * 20% of increase in costs and 20% of decrease
in bonefits due to the price fluctu&tion,'prolongatiOn of construction
period or yield deduction, and the combined case of the above two.
Results show that the cconomic internal rates of return of each case
will be 11.2%, 10.7%, 8.7% respectifely. The economic feasibility of
the integrated project is relatively much sensitive only in the third

cCaASe.

6.2 TFarm Budget Analysis

.Farm budgets for typical type of farm, 3 ha and 4 ha fixed crop
farm and 3 ha citrus farm, in the future "¥With and Without Projects"
were estimated (shown in Appendix 3), Parm revenues from bhe
produclion are valued using farmgage prices derived from the wholesale
prices prevailing in 1974/75., Farmer's expenditures include the whole
production costs such as machinery costs, fertiliszer costs, plant pro-
tection costs, costs of seeds and seedlings, labour costs, interest of
credit and taxes. Net reserve of a typical 3 ha farm of vegetables and
citrus was thus estimated at JD 1,544 per yedr, while the annual net
reserve without Project is JD 89, For a typicel citrus farm annual nel

reserve by the Project will increase from JD 282 to JD 2,265,

At present, the water charge are regulated at 3 fils/m> but the
Government has decided to raise it gradually to 6 fils/m>. The estimated
net reserve of the typical farm in the future with the Project shows that
the water charge at the new rete are within the capacity to pay of farm-
ers. Tolal annual revenue from the collected water charges in the
Project irrigation area, at full developmeni, is estimated at JD 70,000
whieh is enough to cover the annuwal operation and maintenance costs of

JD 60,000,

6.3 Social Impacts

The Projecet would have various social impacts as mentioned bolow:



(1) In Jordan, a semi-arid country, water is so precious that the sur-
face water resources in the country have to be used thoroughly. The
construction of the Wadi Avab dam will thus have significant impacts

on the national needs .,

At present, out of 33 MCM of yearly out.flow of the.Wadi Arab, only
5 MCM are used for irrigation and 4 MCM are taken to EGMC, The rest or
73% is all drained uselessly to the Jordan river. Kven with the IDA
Project, about 14 MCM will be taken for irrigation. Whereas with the
Project, the usage of water will be raised to 28 MCM. ‘Thus, it enables
the additional.irrigation.by the Project and consequently brings about

bigger gross benefits to the national economy. s

(2) The Project is expected to contribute to the national policy of
export promotion and impért substitution. Reducbion of the trade deficit
is one of the most important goals of the current Five Year Plan and JD 40
million of export of agricultural products is planned to be iucreased
during the Plan peried. The production inerement with the Project will

be mostly exportable and partly be substituted for imports. Maximum
foreign exchange savings of 2.5 hillion Dollars (JD 0.84 million equiva-
lent) per annum is expected to be brought about as a result of the
Project. Tt will be of some help to the achievement of the national

goal in the foreign exchange earnings.

(3) Improvement of the productivity in the Project area with the Project
will benefit not only the national economy but also the improvement of
living standard of low income farmers, in the Project area. Furtherx,

the Project will create much job opportunity which will cause a mulbi-
plier effect and induce the augment of aggregate consumption in the
national economy. Improved intensive farming will require more exten-
sion officials and labors than ever. Increase of production will create
additional job opportunity in the marketing activities. Tn a short term,

the construction works of the Project also requires much labor forees.

{4) V¥hen an adequate land redistribution plan could be implemented,
the Project area may be able to provide a room to accepl the resettlement
of refugees. Successful accompl ishment of modern gprinkler irrigation

farming will induce a dynamic impact ou the self-reliance ohjective.

- 87 -



VII  CONCLUSION AND RECOMMENDATLIONS

It is concluded that tho Project is téchnically and ecenomically
sound. The Project would have a significant impacts on the socio-
economy of Jordan, Apart from the viewpoint of the pPrimary benefit
in money term, crcalion of the Wadi Arab storage dam would meet the
nation's desire for the utmost exploitation and effective use of the

precious waber resources,
I{L is recommended that the Government of Jordan would:

1) urgently proceed financing arrangement for the Progject imple-
mentation and execute the Project in due accordance with the
time schedule proposed in this repert in order to avoid the
cost overrun due to the delay of commencement or progress of
the project implementation, and to let the IDA Project start

its full operation earliest,

2) establish a special organization, under the Jordan Valley
Commission, for the Project implementation, with qualified

staff,

"3} employ a consulbing firm qualified to perform the design and

construction supervision of the Project to assure the efficient

and speedy implementation of the Project,

4) select, with assistance of a consulting firm, en eligible con-

tractor qualified to carry out the construction works of the

Project,

ensure the acquisition of land or right—-of-way in the Project

!
R

area before commencement of the construetion works of the

Project,

6) make necessavy arvangement among the other governmenl agencies
concerned Lo onable and sccure the close coordination in opera-

Lion and maintenance of the Wadi Arab Complex,
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7)

8)

9)

ensure the conceined authority for the operation to control
precisely the water of three Wadis Arab, Ziglab and Jurum for
the most effective use for the Wadl Arab Complex including the
Project and the IDA Projeet,

ossist the agency concerned to decided the reasohable amount of
water charges to cover at least operation and maintenance costs

and preferably to recover a part of capital coSts,

strengthen the established agricultural institutions to carry

out the follow-up activities and the agricultural supperting

services such as eredit, input supply and research.and extension

to achieve target henefits from the Project.
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APPENDIX~1

Scope of the Required Consulting Services

Required consulting service will consist of two main stage such asj

1. Dotailed engineering services, and

2. Construction supervision,
The scope of the services is summorized as follows;

1, Detailed Engineering Services

Detailed engineering services will cover the additidnal surveys
and investigations, design, preparetion of tender documents, and

assistance in salection of contractors and in conbracting.

{1) Additional surveys and investigations
a) Hydrologic investigation,

b} Detailed topographic survey on the sites of dam, spillway,

intake structures and other Projeci's facilities,

¢} Geological investigations including cove drilling, permeability

test, grout test, and aditting,

{2) Design and preparetion of tender documents for the preparatory
works, the dam including spillway and intake structures, and the

irrigation facilities including pipe lines, drainages and roads.
a) Establishment of the design eriteria and layout,

b} Preparation of bill of quantities and the Engineer's cost

eslimate,
¢) Preparation of construction program,
d) DPreparation of tender documents which cover the following items;

Instruction to tendevers,

= Form of tender,

!

Forim of bid bond,

Condition of conlract,
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- General specifications,
~ Tachnical specifications,
~ Tender drawings,

-~ Form of agreement, and

Form of performahce bond.

(3) Assistance in selection of contractors including pregualifica~

tion of tenderers and evaluation of bids.

{4) Identification of necessary ingtitutional arrangement fox the

Project and its cost estimation.

2. Construction Supervision
Construction supervision will cover the services for the follow-
ing items;
{1) Preparation of working drawings,
(2) Supervision of construction works,
(3} Assistance in procurement of materials and goods if necessary,

(4) Provision of the on-job-training to the staff of the Government,

(5) Preparation of guideline for operation and maintenance of the

Project.
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11~15

1618
19
20

21-33
34

36~45

Note:

APTENDIX--2

Bconomic Costs and Benefits

Integrated Project; the Project + the IDA Project

: . 1
{1) Total ConCepté“

Cosfszl- “ 1’232)
Investment OM &R Total Benefits Benefits
(1975/16) 250 250 250
{1976/77) 1,964 1,964 ~1,964
(1977/78) 2,570L2 2,570 2,570
(1978/79) 2,178 49 2,227 158 -2,069
(1979/80) 4,644 272 4,916 3/50 ~4,566
(1980/81) 4,018 414 4,432 1,371l1 ~3,061
{1981/82) 414 414 2,035 1,611
{1982/83} ' 414 414 2,581 2,167
(1983/84) 414 414 2,853 2,439
(1984/85) 414 414 1,112 2,698
(1985/86-1989/90) 414 414 3,137 2,723
(1990/91-1992/93) 414 414 3,185 2,771
(1993/94) 1,103 1,103 3,185 2,082
(1994/95) 733 733 3,185 2,452
(1995/96-2007/08) ' 414 414 3,262 2,848
(2008/09) 1,103 1,103 3,262 2,159
{2009/10) 733 733 3,262 2,529
{2010/11-2019/20) 414 414 3,262 2,848
Net Present Worth at Discount Rate of 10% 4,296
EIRR 13, 5%
/1 Total costs and benefits of the integrated project.
/2 Tnvestment of the Wadi Arab Project will start in the 3rd

Year.

3 Benefits from the Wadi Arab Project will arise from the

6th year.
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APPFNDIX-4

Assumptions for quculation of Costs aﬁd Benefits
of the IDA Proiect

1. Costs

1) Investment costs for irrigation works are hased on the cost estimate
by NEDECO & Dar Al-llandesah in June 1975.£l Costs for primary markets,
on~farm equipment, and researéh and oxtension are. calculated on the unit
cost per hectare estimaled from the IDA Report. L2 Enginnering and
administration costs is assumed as 34% of irrigation work costs, same
percentage as the estimate in the IDA Report. Further, cost for survey
and de$ign for 700 ha of future arca are estimated at JD 25,000 and is

: e
included in the item of the engincering and administration.

2) Annual disbursement is based on the same rate as the IDA Report:
namely 4.6% in 1st year, 36% in 2nd year, 37.8% in 3rd year, 20.7% in
Ath year and 0.9% in Sth year.

3) Annual 0, M and R costs are estimated in the same rate to the invest-
ment cost as in the TDA Report: namely 6.5% of total investment cost,
over 6th year 5% in 5th year, 0.9% in 4th year. Sprinkler sets are
replaced every 15 years. Replacement costs appear in 19th year and 34th

year.

2. Denefits

1) The same figures as the Wadi Arab Project are cmployed for the
estimated yield in the future With and Without Projects (the IDA Project).
Crops to be produced in the future with the Project are bhased on the
cropping pattern recommended by NEDECO & Dar Al-llandasah in 196912 since
the calculation of water requirement in its Design Criterisa Reportﬁi is

based on the said cropping pattern.

Chap., 6, Jordan Valley Project ~ Final Layouts and Preliminary
Design, NEDECO/Dar Al-Handasah, June 1975.

Report No. 339a-J0 North East Ghor Irrigation and Rural Developmeni
Project, IDA, May 1973,

Jordan Valley Projeci ~ Agro and Socig-economic Study Final Report,
NEDECO/Dar Al-Handasab, April 1969,

>R R

Jordan Valley Project — Preliminary Layouts and Design Crileria
Report, NEDECO & Dar Al-liandasah, December 1974,

I::
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- 2) Employed f&rmgdﬁé‘priCés are the same ones as used in the Wadi Arab
Project, namely farmgate prices derived from the average wholesale warket

prices in 1974/75 with deduction of charges,

3) Farm'inpﬁt costs are based on the estimetion in the JVC's 7 Year

Plan.ii Labbur_cOSts are based on the labour reguirement newly estimated.

4). Developmeht of ingremental benefits aré at the same inereese rate in
the IDA Report; in 10th yeer target totdl benefit is attained'ahd ratios
of each year from 4th year to 9th year are 1%, 28.7%, 50.2%, 70.7%,
85.6%; 95% respectively. '

5) Bencfits to be obtained in 1978/79, 1979/80 are accoynted half because
of delay of distribution of the water of the Wadi Arab.

/5 Jbrdan Valley Development Plan 1975 - 1982, JvC, November 1975,
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APPENDIX-5

‘Name of Mcmber ofIFeasibiIity Study Team and Advisory Group

FPunction

Bxpert

Feasibility Study Team

Team Leader.
Project Planuer
Civil Engincer

Agro-ccononmist

Project Economist

Soil~crop Expert

Hydrologist/Irrigation
' Engineer

Construction Materi&l
Engineer

Topographic Surveyor

Topographic Surveyor

Seismic Exploration
Expert

" Seismic Exploration

_ Expert
Drilling Expert
Drilling Expert
Geﬁlogist
Irrigation.Planner

Irrigation Strubtural
Engineer

Agronomist

Advisory Group

Leader

Keonomist/Dam Engineer

Irrigation Engincer

Agronomist

Coordinator

Coordinalor

Mr.

Mr,

Mr.
Mr.
Dy,

M,
Dr.

Mr.

Dr.

Mr.

Mr.
Mr.

Mr.

Masaru Koshiba
Kenroh Nakamura
Takao Ichimiya

Masashi Shohino

. Yoshiaki Kamiya

Yutaka Matsumoto
Shuhichi Satoh

Chuhji Moriya
Mamoru Takahashi

Seiji Koyanagi
Mitsuru Chro

Takio Tsuji

Takashi Kodama
Masahiro Kido
Tadaaki Nomurs

Kazushi Ohshima

Naofumi Kondch

Suteki Shinochara

Takehiko Yano
Kunio Takase
Yasumi Yamaguchi

Akira Shimeoda

Yasushi Hirotani

Yoshihiro Mine
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Nippon Koei Co., Litd.
ditto
ditto
ditto
ditte
ditto

ditto

ditto
ditto
ditto

T ditte
ditto

ditto
ditto

¢.7.1. Engincering Co., Ltd.

Naigai Engineering Co., Litd.

ditto

Kokusai Kyohroku Co., Lid.

Ministry of Agriculture
and Forestry

Overseas Nconomic
Cooperation Fund

Ministry of Agriculture
and PForestry

ditto

Japan International
Ceoperation Agency

ditto



I PLATE NO. 1

£ 8 LEGEND -

“itllzon
oz,

228
o
%///' v essmrn s MQID COTFiOT pipetng
72 AR L T P
. e byt ¥
d /////ﬁ,‘ R olstributary pipe
5 ¥ 7 ) amemmmmecm  Exisling droinage cgnol
;:=, meeemmesms-es S€COROTY draindge conal
§ AAAAAAA Coliector droin
¥ e e —  goundary of the profect aree
j @oundary of ihg development greq
227
220 P Oeveiopmeni arec
i e .
G| [ ) Reservoir greg
o '
JIR: D ., Road
e .
” Kohar oy im Wadi
Vitlage
Conbour tine (in m)
226 3

AL

LOCATION MAP ; 5 g ] ) ; \n'ﬁ

- Spl

N (T

- ) 4y N

TR e
e T N
cmmacroﬂ?!_;?\

OFFICE AND GUMATERS\

\\\.
-

Horih 5hlne

- o -
Nil’l‘lal!‘_‘f" _I‘
L svmia /-’(
7 gene vinaries - \
f A e 3
°°A:'u- '_,/
LEGEND (";UN VITLE OF DRAVIING MPTROVED
N —— , | e THE HASHEMITE XINODOM O S ron LOCATION MAP AND
. 'é,i‘ﬂ.ﬁ:;.',ﬁ'.‘%,‘;{i’é’,""“ on et \ ( JOROAN -"\ SCALE CHECKE® __  _____ . L__ _\fOE?_A_N \{A LLF:" E_OMf:S'litl__ GE NE RAL L AYOUT m,_,— '7
~ g Exiating Oom \ ! I 0 01 020304 05 Lo¥m : T AND JERS R S S SUFREES—.) } 3
o orovosed Don s Navns — SUBMITTED . . WADI ARAB DAM wworo. | APAN INTERNATIONAL
<+ €691 Ghos Moin Conal % i DATE . . IRRIGATION PROJECT 000 - O COOPERATION AGENCY L




. ' ' ' ' : IPLATE NO.2

et ;
" N Fe
- »--—“‘UEE" e s [ RATT

1y : - RN O L S B T TR L PR LIRS
A s Yy 4R "-.%'\m % C R VRNl g -f\\"’ NN
; O gyekiit Pogred T ! . LUV RO
FL-"6o000y { ¥ AT A 3 RATREATRA L \ N
T o i

L OSSR00. Tt TGN oyt ,__,___,_\Jﬁ?_,.,;-‘,‘, A k APy \f’_ Ao
- ; TN J’ \3\ W\ vt v |\\ ’
- »..,...-"'--‘.__"_‘...- \_\ i \ * ), . ) | k! ’ c ; 1 ) '\'.\{ \ .\\\!\\;} “\r\:.:

___..,-.-,..-..‘ B e, .., "-.-,,_ \ X f > - \ o~ “‘as_' ‘\ \g -l\\i" l\‘\lik\“ “ \l\“\ 1 ‘\"\\\\l‘:‘ \\

- 07 R AXON ) Y Aris of Spiiiwe A\ O TSN

- 118,200, e _ \. \,-l— ARE a7 AN FEAL I \ T_\‘_‘\rv —% Boe
e e s pytosl SR B P - g : - : :
wa6 o 3 “\‘§\ : "-..i’—‘j\"g“"?- \ AN ﬂa\\\\\\\\ ISRV I F

! o \\1|‘}/1:}u, . ! 5 \“. @

The delolls of dem are referred KB Orowings
Mo. I00-02 ond 100-03.

Tne details of spiliwoy ore feferred to Drowings
MNo. tOG-04 and (00-05.

The detaits of diverslon tunne are referred bo
Dsawings Mo, W3- 06 ang 00 - 7.

The delails of intake qre referred to Diowing
No. 100 - G8.

SCALE
AP |

BTN

WAD! ARAB DAM AND
OATE . _._ i IRRIGATION PROJECT

‘owaHo. |

FREFARED U udiole THE MASHEMITE %INGDOM OF JORDAN TTLE OF pRAwine | ArPROvED
- e oroan vatLcy commission  GENERAL PLAN OF DAM AND
HECKED. - T~ SUBSIDIARY FACILITIES | .,

JAPAH INTERNATIONAL

’ 100-04 . COOPERATION AGENCY J e s
'l 1




X
s

Nl
R

K
SIS P
AV L

AL Ly

T




	Cover
	Title page
	MAIN REPORT
	CONTENTS
	Ⅰ. INTRODUCTION
	1.1 Project History
	1.2 Feasibility Study

	Ⅱ. BACKGROUND
	2.1 General Economy
	2.2 Water Resources and Agricultural Development
	2.3 Jordan Valley Region
	2.4 North East Ghor Irrigation and Rural Development Project

	Ⅲ. THE PROJECT AREA
	3.1 Natural Conditions
	3.1.1 Location and Topography
	3.1.2 Meteorology
	3.1.3 Hydrology
	3.1.4 Geology
	3.1.5 Soils and Land Classification

	3.2 Socio-economic Status
	3.2.1 Population and Labour Force
	3.2.2 Agricultural Situation
	3.2.3 Social Infrastructure


	Ⅳ. THE PROJECT
	4.1 Basic Concept of the Project
	4.1.1 Objective of the Project and Basic Condition
	4.1.2 Available Water Resources
	4.1.3 Available Land Resources
	4.1.4 Possible Damsite
	4.1.5 Adjestment with the IDA Project

	4.2 Project Formulation
	4.2.1 Selection of Crops
	4.2.2 Proposed Cropping Pattern
	4.2.3 Water Requirement
	4.2.4 Selection of the Project Scale
	4.2.5 Water Balance
	4.2.6 Delineation of Irrigation Area
	4.2.7 Scale of Dam
	4.2.8 Integration of Two Projects

	4.3 Agricultural Development
	4.3.1 Prospective Change in Land Use
	4.3.2 Farm Type and Cropping Schedule
	4.3.3 Irrigution Program
	4.3.4 Improved Farming Practices
	4.3.5 Farm Inputs
	4.3.6 Farm Labour Requirement
	4.3.7 Anticipated Crop Yield
	4.3.8 Animal Husbandry
	4.3.9 Gross Farm Inputs and Crop Production
	4.3.10 Production Cost
	4.3.11 Incremental Net Value of the Project

	4.4 Preliminary Design
	4.4.1 Dam and Reservoir
	4.4.2 Spillway
	4.4.3 Diversion Works
	4.4.4 Intake Structures
	4.4.5 Carrier Pipe Line
	4.4.6 Distribution System
	4.4.7 Drainage Facilities
	4.4.8 Road Network

	4.5 Construction Plan
	4.5.1 General Contstuction Plan
	4.5.2 Construction Materials
	4.5.3 Construction Plan and Equipment
	4.5.4 Construction Schedule
	4.5.5 Construction Administration

	4.6 Cost Estimates
	4.6.1 Capital Cost
	4.6.2 Fund Requirement


	Ⅴ. ORGANIZATION AND MANAGEMENT
	5.1 General
	5.2 Water Management
	5.3 Agricultural Extension Services
	5.4 Agricultural Research Works
	5.5 Marketing Services
	5.6 Credit Services
	5.7 Role of Farmer's Association

	Ⅵ. ECONOMIC AND SOCIAL EVALUATION
	6.1 Economic Evaluation
	6.1.1 Market Prospects
	6.1.2 Economic Benefits of the Project
	6.1.3 Economic Costs of the project
	6.1.4 Economic Internal Rate of Return
	6.1.5 Sensitivity Analysis

	6.2 Rarm Budget Analysis
	6.3 Social Impacts

	Ⅶ. CONCLUSION AND RECOMMENDATIONS
	APPENDIXES
	1 Scope of the Required Consulting Services
	2 Economic Costs and Benefits
	3 Farm Budget
	4 Assumptions for Culculation of Costs and Benefits of the IDA Project
	5 Names of Members of Feasibility Study Team and Advisory Group

	Cover

