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Introduction
This report deégribes the result of a mission

to Jordan carried out from 1lth through 30th August
to provide assistance in developing a national water
Plan., The work was undertaken in cooperation with'
Government officials. Messrs sader dirzallah and !
Omar Tougan, specialists of the Jater Resources Liti-
sion of the Natural Resources Authority worked with
consultant throughout the mission, Numerous members
of N.Il'.A, and other Government Agencies concerned
with the development and use of water resources
provided advice and information.

Objective and Scope of the Study

The objective of tue study is to provide Govern-
ment with preliminary evaluation of the available
water resources of East Jordan in relationship to the
existing and future demands, taking account of thne
spatial distribution of both available resources and
demands. In defining future demands, only demands
for domestic water which are implicit in the growth
of population and improved standard of living., and
demands for water for developments to which the
Government is essentially committed are taken into
account. In respect of the latter, developments
specified in the five year plan (1976-30), and long
term plans for the Jordan Valley and for Agaba are
regarded as Government commitments.

The study is based on information available at
the outset of tue work. The quantities of water
quoted for both available resources and demands are
orders of magnitude. Wevertheless it is believed
that the report provides useful indicators for the
future. The report does not provide a water plan.
Recommendations are not made for the use of identi-
fied water surplus or for balancing future deficits,
apart from suggesting possible sources from wiiich
the latter could be filled.

Methodology Adopted
In order to describe tie spatial distribution of
the water resources, the territory was subdivided

into 24 - water resources areas as shown in Figure 1.

The boundaries of the areas coincide in general with
natural limits of elements of the water resources
systems. An attempt is made to provide evaluations of
the available water resources in each area and of
present .and future committed demands. Areas wuere.
deficits exist or will develop and areas of net water
surplus are identified. The result of the evaluation
is to indicate areas whnere water resources appear to
be available for future development,
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Water Resource Areas

Area 1 - The Jordan Valley

Most of this area comprises the valley floor
on the east bank of the Jordan River extending Ffrom
Lake Tiberius to the Dead Sea. The area also
includes the foothills of the escarpment. the valley
floors of the major side wadis up to the elevation
of sea level and that part of the Yarmouk River
Valley which can be commanded by the proposed
Magqarin dam. The area functionsas a line sink
draining the surface water runoff and tune ground-
water from an extensive area in the northern part
of East Jordan.
Mean annual rainfall ranges from 100mm at the south-
ern end of the valley to 400mm at the northern end.,

Surface water Resources

The area draining to the east ,bank of the
Jordan River covers about 12,000km? of which nearly
nalf lies outside Jordanian terrltory. Tne major
east bank tributary is the Yarmouk diver with a
catchment area of about 6300km2 of which fourfifSths
lies outside Jordan. The remainder of the itlows
to the area are generated within East Jordan. The
surface water flows to the Jordan Valley area are
summarised in Table 1.

Table 1. Surface Vvater Flows to Area 1.

Name Of:

;adi Flood Flows 1 Base Flow

An.ual Discharges (lMCM)

Mean |Obs. Max.| Obs.Minfitean |ObsMa X. IObSdﬂﬂp

Yarmouk
Arab
Ziqlab
Jurm
Yabis

Kufrinja

Rajib
Zzerga
Shueib
Kufrein
Hisban

750 (460) ( 40) (200) ?
2 5.6 o4 34 40 i
2 3¢5 -3 11 13
12 14
ol 4t 7
10
6
76
13
13
2

O N CO~l e

o
1o

——r—

L]
°

1A
Y

0
0
0
0
14 0
e
1
0
0
?

Ui
Ui oopbwd

~J

Totals 300 345

Total Mean Flow: 645

It

(Source: C.W.A. Technical Paper wo. 33)

should be noted that about 0% of the surface

water flows to the east bank of the Jordan River are
generated outside Jordanian territory.
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Groundwater Resources

Groundwater in the Jordan Valley area is
contained in limestone aquifers which are dow:-
faulted into the valley and in alluvial fans
developed at the outlets of the major wadis. The
area receives recharge by lateral flow from the
escarpment and by infiltration from surface water
irrigation and from floods. The fullowing are
rough estimates of recharge:

Underflow from the escarpment 60 MCM
Infiltrating irrigation and flood wadi 100 MCil
Total 160 MCHM

The groundwater discharges to the Jordan
River.

Despite the large recharge, the amount of
groundwater which can be developed as a long-term
supply is limited. The main constraint is water
quality which normally deteriorates with depth and
laterally towards the Jordan River. It is con-
sidered that total exploitable groundwater resource
for the entire area would not exceed 50 MCH/annum.
The greate st potential is offered by the downfaulted
limestone aquifers which occur to the north and
south of the Zerqa River outlet along the eastern
edge of the valley and in the foothills ¢f the
escarpment, The groundwater potential to the north
of the Zerqa River outlet is essentially unexplaited .

Existing and Planned Facilities for Water Resource

Development

Surface Vater: Table 2 shows the status of surface

wvater storage facilities to serve the Jordan Valley
area.

Table 2. Status Of Reservoir Storage Facilities-~
Jordan Valley

River

Gross
Dam Storage Status :
(MCM) )

Yarmouk

Yarmouk
Arab
ziqlab
Zerga

Kuf frein
Shueib

fagqarin (200) Under stucuy-planned fo}
completion in 1981.

Khaled (200) Uncer study
Arab ( 20) Preliminary study
Ziglab 4.3 Completed

Talal 56 Scheduled for completion
in 1976.

Kuffrein Completed

4.3
Shueib 2.3 Completed
rotal 487
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The major conveyance system in the area is the
East Ghor Canal which presently serves 123,000
dunums. The canal now extends from the Yarmouk
outlet to Dahrat el Ramel. An extension of 18 km
southwards is under construction and is scheduled
for completion in 1976. A final extension of 20 km
to the southern end of the valley is planned for
completion by 1980, The canal presently delivers
about 120 MCM/annum., The main source is a diversion
of the Yarmouk base flow. Contributions are also
provided from the base flows of the northern sidec
wadis.

In addition to the area presently served by
the East Ghor Canal there are about 80,000 dunwns
of irrigated land of which some 30,000 dunums are
irrigated by groundwater and the balance by surfacc
flows.,

The long term plan for the Jordan Valley is
for a fully integrated irrigation system supplying
340,000 dunums by surface water of which about
41,000 dunums will lie above the commnand area of
the East Canal. When the system is completed it
will encompass essentially all the presently irri-
gated lands which are not now served by tne LCast
Ghor Canal.

Groundwater: Present extraction of groundwater

For irrigation is concentrated in the area from

the vicinity of Karame to Sweimeh, The area served
is 28,000 dunums. This area is supplied by 13C
wells and the water is delivered to individual
service areas. The gross extraction of ground.cl!c¢r
is estimated to be 35 liCl/annum and the net extrac-
tion about 18 MCM/annum. It is noteworthy that
with this rate of extraction, considerable declines
in water level and deterioration of water quantity
have occured. The system appears to be on over-
draft in this area from the point of view o: water
quality.

Present and Future Demands

Irrigation WwWater: Table 3 shows estimates of

present use and future water demands for irrigation
and indicates the source from which the water will
be supplied.

W L PO




Table 3. Present and Future Irrigation Water
Demands - Jordan Valley (11CM/annum)
Surface Water
Year Integrated Other Croundwater
System Systems
1975+ 130 50 35
19811 370 . ' -
19902 560 - 2
2000° 560 ! o

1. Global estimates of field application
is 1000mm and of all conveyance losses
of 10%. ;

2. Global estimate of field application is
1500mm and of all conveyance losses of
105%

Domestic Water Supply: Development plans for the
area require increased population which will exceed
normal growth during the early years, It is in-
S tended to attract migration of people by supplying
social services among which will be reticulated
domestic water supplies, It is planned to provide
the domestic supplies from groundwater. T[able 4
shows the forecast growth in domestic water supply

demand. i

Table 4. Forecast Growth in Domestic water
supply Demand -~ Jordan Valley

ap : Water Supply Water Supply

Year pepdaton 1/c/d MCM/annum

1975 68000 ? ?

1980 115000 85 3.€
1985 142000 90 4.7
1990 165000 295 5.7
1995 191000 100 7.0
2000 222000 105 845

(Source - J.V.C.)

Water for Industrial and Mining Development
No major demands for water for industry or
mining have been identified.
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Conclusions on the long-term water resource
situation 1n the area

The estimates developed indicate that the
surface water resources of the Jordan Valley will
be about in balance with the demand by the year
1990. The groundwater resources may be under-
exploited. However, it should be noted that there
are tentative plans for development of groundwater
irrigation in the foothills areas above the command
of the surface water system.

when the West Bank of the valley returns to
Jordanian control, it must be foreseen that there
will be a heavy demand for water transfers from
the resource area as defined. The area will then
be in deficit.

Area 2 - The Salt Area

This area comprises the escarpment above thc
Jordan Valley extending from the wadi Zerqa to
the northern end of the Dead Sea, It includes
the catchments of the wadis Shueib, Kufrein and
Hisban. [levations range from 800 to 1000 mcters
along the eastern limits to below sea level at
the contact with the Jordan Valley area. liean
annual rainfall ranges from 150 to 250 mm in the
foothill zones to about 650mm in the close vici-
nity of Salt.

Surface Water Resources

Surface water flows in this area discharge
to the Jordan Valley. The main conduits are the
wadis Shueib, Kufrein and Hisban which together
contribute an annual average flow of about 25 MCH
to the valley of which base flows represent 211CM.
(see Table 1). In addition, base flows are
utilised for irrigation within the area and there
are numerous isolated springs which provide water
for irrigation and domestic supplies. woteworthy
is the wadi Sir group of springs which discharge
about 2 MCM/annum and contribute to the Amman
water supply.

Groundwater Resources

This 1s a hydrogeologically complex area and
the groundwater resources have not been quantified,
There are however, no major groundwater bodies.

Existing and Planned Facilities for Water Resource
Development

Irrigation facilities in the area consist of
minor diversion and distribution systems on base
flows in wadis and on springs. Due to the nature
of the terrain, command areas are small. Develop-
ment of additional irrigation cannot be foreseen,.
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Domestic water supplies for villages arc
presently provided by springs and wadi base flows.
The Salt town water supply is obtained froam the
wells. About 1.5 MCM/annum are exported from the
wadi Sir springs to supplement the Amman Water
supply (Area ©6). Suggestions have been made to
construct a small storage structure below Wadi S5ir
to regulate about 2-3 MCii{/annum of spring anc
flood flows for future acquaintation of the Amman
town Water Supply. While this project would dec-
rease the supply to the Kuffrein dam (Area 1), a
more difficult aspect of the development would
probably be the existing water rights of the dowm-
stream users within Area 2.

Present and Future Lemands

The demand for irrigation water is not expec-—
ted to increase but an increased demand for dohestic
supply must be Foreseen. The population in the area
is presently about 90,000. Assuming a population
growth rate of 34 and a present per capita demand
of 50 1/s increasing to 55 1/s in 1980 and 75 1/sin
tne year 2000, the forecast demands for domestic
water supply are as follows:-

1975 1980 2000
1.6 MCM 2ol MO 5 MCH

Conclusion on the long-term Water lesource
Situation 1n the Area

The area as a whole has a net surplus of water
which discharges naturally and is used in the Jordaen
Valley. Increased water demands for domestic supp-
lies used in Area 2 will not significantly effect
the situation in the valley. It is considered tuat
Arca 2 may be regarded as sclf sufficient in water
for the future.

Area 3 - The Irbid Area

This area includes the Irbid plain, the northern
slopes of the Ajlun mountains and tae Jordan Valliey
escarpment to the north of the Zerqa River. The
main population centres are Irbid and Ramtha.

surface water Resources :

while considerable surface flows are genera-
ted in this area, there are few if any possibili-
ties of mobilizing them. Table 1 (Section 2.2)
indicates the flood and base flows generated on
the Jordan Valley escarpment and in the Yarmouk
Valley. However, these are committed Ffor use in the
Jordan Valley.

2
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2.3.2. Groundwater Resource _

Tne area 1S uncerlain by the Amman VWadi Sir
aquifer system and is a major recharge area. The
mean annual recharge is estimated to be 110 MCM
and the groundwater discharges to the jJordan
valley and the Yarmouk Valley. The base flows in
the side wadis of the Jordan Valley north of the
Zerqa River and part of the base flow in the
yarmouk are sustained by groundwater from this area.
However, water levels are generally at considerable
depth, increasing northwards towards the Yarmouk to
more than 300 metres. Moreover drilling depths to
tap the aquifer system also increase northwards.

Water levels of about 200 metres below ground
surface are known to occur in the Husn-Hu'aima area,
decreasing to less than 150 metres to the south.
The potential of the area has not been estimated,
well yields are relatively low (20-50m3/h). liever-
the less, given the dgeneral shortage for domestic
water supplies in this water resource area, it is
considered that a detailed investigation of th.
Husn-Nueima area should be carried out.

2.3.3. Existing and Planned Facilities for wWater Resource
Development
Irrigation wWater: The Ziglab dam and the dam plan-
ned on the Vadi Arab (see section 2.1) draw their
water from Area 3 but form part of tne Jordan
Valley irrigation system. The only irrigation
facilities which serve the area are minor diversion
systems on the lower reaches of the side wadis of
the escarpment and minor spring diversion in the
Ajlun mountains and along the escarpment. o new
irrigation developments can be foreseen to serve
this area.

. ' Domestic Water Supply: The major facility which
serves the area 1s the Irbid pipeline system,
Irbid and Ramtha towns obtain part of their supplics
from independant systems based on springs and wells
respectively.

The Irbid pipeline system serves a population
of about 250,000 people distributed i.. 245 villages,
towns and municipalities. The water supply is
provided by wells at Sama Sdud (Area 4) and Dhuleil
(Area 5) and the Azraq springs (Area 8). The
domestic water supplies of Area 3 are therefore to
a great extent dependant on water transfers. The
quantities of water punped to the pipelinc in 1974
from the three sources were:-

Azraq 1.0 MCH
Dhuleil 2.7 MCM
Sama Sdud 0.5 MCM

Total 4.2 TCH !
(Source - D.W.C. ) :
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The existing capacity of the main conveyance
betwesn Zatari and Haufa (which serves Area 3) is
600 m°/h delivered through a 16" line, It is
planned to increase the capacity of this part of

the conveyance to 1800 m3/h by 1977 by installing

a parallel 20" line and additional pumping capacity,
The distribution will also be extcnded to an addi-
tional 28 villages with total population of 22,000.

Present and Future Demands
Irrigation Water: o Increase in demand for irri-
gation water in this area is foreseen,

Domestic Water Supply: Th: projected requirements
for the population served by the Irbid pipeline is
given in Table 5. The projection assumes a popula-—
tion growth rate of 34 and an annual iacrease in

per capita demand of 1 1/sec/day. iiost of the poovu-
lation is located in Area 3.

Table 5 Projected Domestic Water Lemand from
the Irbid Prpeline System
(Zatari-Haufa Conveyance)

Year Demand (MCii/Annum)
1975 Say 3.5
1985 1030
1990 13.0
1995 16.0
2000 206

(Source D.W.C.)

Allowing for population in Area 3 which is not
catered for by the Irbid pipeline (for example parts
of Irbid and Ramtha towns) the total domestic water
requirement in the area may reach 25 lMCl/annum by
the year 2000.

Conclusions on the long-term water Resource
Situation in the Area

This area traditionally has been and will remain
a water deficit area, It is believed that additional
groundwater supplies could be developed within the
area, (Husn-Nu'aimearea) though these are not ex-—
pected to supply more than a relatively small part
of the demand. Nevertheless, it is recommended that
detailed groundwater investigations should be ini-
tiated in the Husn-Nu'aime area. Deep pumping levels
and relatively low yields should be expected,

The present major supplier to the Irbid pipe is
the Dhuleil (Area 5). This area is believed to be
on overdraft and the present rate extraction cannot
be sustained in the long-term (see secticn 2.5).
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The Sama Sdud area (sce Scction 2.4) 1s
believed to offer additional groundwater for deve-
lopment. The available resource has not been
quantified but could be of the order of 5-10 HCM/
annum., Detailed groundwater investigations should
be undertaken.

A supply could be taken from the Yarmouk
River but this would be to the deficit of the Jordan
valley which does not offer a long-term surplus.

The Azraq North area (Area 8) has a surplus of
uncommitted groundwater (see Section 2.8). Ifodel
studies indicate that 10-20 MCi/annum of good
qualily water could be extracted from the area to
the north and northeast of Druze Springs. Detailed
investigations involving drilling and pump-testing
are required to confirm this supply.

Area 4 - The Mafrag Area

This area extends from around lMafraq north-
wards to the border with Syria. It lies mainly
with the catchment of the Yarmouk iiiver., Annual
average rainfall ranges from 150 to 250 mm.

Surface Water Resources

TunofF 1s limited and erratic and possibili-
ties of surface storage are extremely limited.
There are no important spring discharges. ihe
surface water resources are very small,

Groundwater Resources

The area i1s underlain by the Amman-%adi 8ir
aquifer system. The basalt aquifer occurs in the
eastern part of the area. Recharge is mainly by
underflow from the basalt aquifer. Well pro-
ductivity is generally low except in the Samg Sdud
area near the Syrian borders. Here well yields
in the range of 100 to 200 m3/h may be obtained
and water levels are about 100 meters below ground
surface. The rechargable groundwater resource has
not been quantified but it is considered that the
area could sustain long-term extraction of 5 to
10 MCM/annum.,

Existing and Planned Facilities for Water RXesource
Development

Irrigation Supplies: The only irrigation develop-
ment 1s on a small scale in the Sama Sdud area
where the private sector has drilled 14 wells serv-
ing 1500-2000 dunums. The private sector will
probably extend this development unless a decision
is made to curtail €rilling and allocate the water
to the Irbid pipeline system.

A vl
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Domestic Supplies: Minor dams for domestic water

Ssupply have been constructed at Sama Scud anc Un
Jimal with storages of 1.7 and 1.8 MCM respectively
Data are lacking.cn the-confirmed supplies thatthese
reservoirs yield.

A small well field (at present two wells) in
the Sama Sdud area supplies water to the Irbic
pipeline system. An additional two wells have
been constructed to increase the capacity of the
well field. Most of the villages and towns 1n
Area 4 receive their water supply from the Irbid
pipeline system.

Present and Future Demands

Trrigation water: The 1974 extraction of grounG-
water in the sama Sdud area was approximately .
1.7 MCHM. Increased development of irrigation by
the private sector may be forescen unless a deci-~
sion is taken to allocate the water resource to
the Irbid pipeline.

Domestic Water Supply: Thc domestic water require-
ments of the area are estimated to be 0.5 ICH at
present anc may be expected to increase to about
1.5 MCM/annum by the year 2000. However, it seems
probable that the Irbid area will become increas-
ing by dependant on water transfers frcin this area
via the Irbid pipeline system. Future extraction
of 5-10 MCM/annum from the Sama Sdud area may  be
required to serve the Irbid area. i

Conclusions on the long-term Water Resource
Situation 1n the Area

hile the groundwater resource is more tuan
adequate for future local domestic demands, it is
believed that the requirements of the Irbid area
will lead to full development of the groundwate:
in Sama Sdud area before the end of the century.
Given this situation, Areca 4 offers no long-term
surplus and may in the longer term move in to
deficit.

Area 5 - The Dhuleil

This area 1s approximately defined by the
catchment of the Wadi Dhuleil. It also approxi-
mates to the subsurface catchment of the Dhuleil
aquifer system. The mean annual rainfall ranges
from 100 to 200mm,

Surface Water Resources

Flood run OFF Lo the Dhuleil catchment 1s
sporadic and highly variable., The only spring
flows occur near the confluence of the Wadis
Dhuleil and Amman. A preliminary study has been
carried out for a storage near Sukhna with a live
storage of 18.5 MCM and a yield of 7.2 MCM. How=-
ever this dam would intercept water which is com-
mitted to the Jordan Valley area via the «ing
Talal dam.

TXZ i
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Groundwater Resources

The main aquifer of the Dhuleil area is fermed
by the basalt. Westwards the flow discharges into
the limestone aquifers and thence to the Wadi Zerga.
A model study indicates that the net safe yield of
the aquifer system is 10-12 MCHM/annum, It is estima-
ted that the rate of extraction is already being
exceeded and the system is on overdraft. The ground-
water reservoir is not large enough for a long-tii
mining operation.

Existing and Planned Facilities for Water Resource
Development

Irrigation Supplies: The irrigated area in the
Dhuleil has not been accurately measured but is in
the range of 15,000 to 20000 dunums of which 5,800
dunums have been developed by the public section
and the balance by the private sector. Water is
provided by about 50 wells. Drilling has been pro-
hibited with a view to curtailing water extractions.

Domestic Water Supply: The Irbid pipelinc draws

part of 1ts.- water supply from the Dhuleil aquifer
system. The village population in the northern
part of the area drew water from the pipeline
system. The population within the irrigated area
obtain water from farm wells.

Present and Future Demand

Irrigation Water: The estimated gross withdrawal
for irrigation during 1974 was 24 MCM. Allowing
30 for return flows provides an estimate of net
extraction of 16 MCM which exceeds the safe yield
at the system., Irrigation extraction will be
limited by the Government restrictions on drilling.
It may be foreseen that a reduction in groundwater
extraction will be enforced over the next ten years
by reservoir depletion and well failure,

Domestic Water Supply: The Dhuleil well field
provided the largest contribution to the Irbid pipe-
line in 1974, supplying 2.7 MCM out of a total of
4.2 MCM. It is understood that the Irbid pipeline
system has been assured 2 MCM/annum from the Dhuleil
well field. The security of this supply is in ques-
tion if the present rate of overdraft is countinued.

Conclusions on the long-term Wwater Resource Situation
in the Area

The present rate of extraction exceeds the supply
The reservoir will not support long-term depletion.
An equitable solution must be found for sub-division
of the safe yield (10-12 MClM/annum) between irrigatioy
supply and domestic water demands. In any event a
reduction in extraction will be imposed by well failure
due to aquifer depletion,

7 e BRI
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Area 6 - The Amman-Zerga Area

The area approximates to the valley of the
Wadi Amman down to the confluence with the iadi
Dhuleil near Sukhna. It contains about 1,000,000
people-more than half the population of Jordan,

surface Water Resources

Sound estimates of flood and base flows in
the wWadi Amman are not available. The annual
flood flows are probably in the range of 10-~15 MClH.
Most of the runoff is generated in the higher rain-
fall zone to the west and southwest of Amman., Base
flows are perennial in some reaches of the wadi.
Noteworthy springs are Ras el Ain, Ain Ghazal and
Ain Sukhna. The first forms part of Amman water

supply.

Groundwater Resources .

There are two easily developed aquifers uuidor-
lying the area,the Amman Wadi Sir and the Hummar
aquifers. The Kurnub aquifer is present at depths
in excess of 650 metres, and static water levels
are deep (180-300 metres below ground surface),

The Amman-Wadi Sir aquifer offers the most
important groundwater resource. [Lstimates of re-
charge range from 35 to 45 MCM pcr annum, 1t is
believed that the recharge could be increased by
proper management and that the system is presently
under exploited. A problem for full development
might be protection against chemical polution.

The Hummar aquifer is an artesian system with
recharge of about 5-6 IMClM/annum. Heavy extraction
has lowered water levels over 100 metres in some
areas and the system is being overdrawn.

Existing and Planned Facilities for -Water Resource
Development

Irrigation Supplies: There are about 170 wells
irrigating 5,000 to 6,000 dunums along the valley
between Amman and Sukhna, Thus development is
controlled by the private sector. Increased
development cannot be foreseen as all .the land
suitable for irrigation has been utilised. 1In

fact the irrigated area may be expected to decrease
as land is taken up by urban development.

Domestic_Water Supplies: Most of the population
within the area receives piped domestic water. The
supplies are provided mainly from drilled wells with-
in the area, The city of Amman utilises the Ras el-
Ain spring (about 2-2,5 MCM/annum) and imports 1-1.5
MCM from the wadi Sir springs (Area 2). The

Madaba pipeline which provides domestic water to

part of Area 10 (0.85 MCM in 1974), draws water Prom
the Amman-Zerqa area,
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various suggestions have been made for aug-
menting the domestic water supply to the area and In
particular to Amman city.
These include:-

Increased exploitation of groundwater

within the area. This would appear to
have the highest priority as it offers
the cheapest supply and the Amman Wadi
Sir system is under-exploited.

Construction of a small reservoir at
Abdoun upstream of Amman (estimated
storage 2-3 MCM). This requires more
detailed study particularly in relation
ship to the regulation which might be
achieved by management of the Amman-
wadi Sir aquifer system,

Construction of a small reservoir below
wadi Sir (estimated storage of 2-3 MCM).
This would involve importing additional
water from Area 2 and water rights could
present difficulties.

Construction of wells in the area to the
south of Amman in area 10. This appears
feasible thuugh.: the hydrogeological
conditions are difficult and water levels
are deep (circa 150 metres). However a
rapid increase in demand may be foreseen
in this area due to the construction of
the new airport. There may in fact be

no long-term surplus of groundwater for
transfer,

Construction of a dam on the upper Wadi
wala (Area 10). A preliminary investiga-
tion indicates that a dam at Rumeil with
storage of 75 MCM would yield about

25 MCM/annum. The development would
depend on flood flows which are presently
uncommitted.

Construction of a pipeline from the King
Talal dam on the Zerqa River, This
would involve about 45 kms of pipeline
over difficult country and a 1lift of
ahcut ‘800 - metres. Moreover, the water
of the Talal dam is committed to the
Jordan Valley and only a short-term,
temporary surplus can be foreseen.
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vater Supply for Industry and Mining: The Ruseifa

333§§ﬁ5f523%$ET3pment and the Zerga refinary control
their own water resource facilities based on ground-
wvater, Several small industries have private wells.

Present and Future Demands '

Trrigation Water: Gross extraction of groundwater
Tor irrigation is estimated to 12 MCM/annum. Allow-
ing for return flows, net extraction is probably
about 6 MCM/annum. Increased demand is not foreseen
and, as stated previously, demand will probably
decrease due to land being taken up for urban deve-

lopment.

Domestic Water Supply: Estimates have been developed
By V.B.B. ofF the Euture gross water demand for :
domestic water for Amman city. They assume a popula-
tion growth rate of 5% to 1982 and 3% in subsequent
years, and an increase in per capita supply Ffrom

85 1/d/c in 1975 to 140 1/d/c in the year 2002. Esti-
mates have also been developed by Government based

on a 3.5% population growth rate and an increase in
demand from the actual net per capita use of 38 1/d4/c
in 1974 to 100 1/d/c in 2002.-

Government estimates assume a gradual decrease in
transmission losses from 54% in 1975 to 30% in 2002,
The forecasts are compared in Table 6.

Table 6 - Domestic Water Supply - Amman City
(1n MCM)
Year VBB Estimate Government Estimate
1975 19.2 19
1982 29 29
1990 45.5
2002 84 78

The population of Area 6, excluding Amman city,
is about 400,000 of which some 200,000 live in
Zerqa, Assuming a population growth rate of 3.0%
and a net per capita demand of 55 1/d/c in 1980 and
75 1/d/c in 2000, the domestic water demand will be
as follows:-

1980 Net demand assuming 55 1/d/fc ' 9.3 MCM

1980 Gross B 50% loss Y B0 RS
2000 Net demand 4 75 1/d/c 23 "
2000 Gross " it 30% 30, "

The estimates developed indicate that the gross
water demand for domestic water in the Amman-Zerqa
area may be about 110 MCM by the year 2000,
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water Supply for Industry and Mining: Tae major
Tser oF water is the phosphate plant at Ruseifa
which requires 2.5 MCM/annum. Demands for other
industrissare not known but could total 2 MCi/annum.
It is not possible to forecast growth in industrial
demands but they will be small compared to domestic
demands. '

Conclusions on the long-term vater Resources Situa-
Tion 1n the Area

The Amman-zerda area will become a deficit area
during the 1980's. Developments due to the coi
struction of the new airport in the northern part
of Area 10 plus normal population growth in that
area will probably utilise much of the groundwater
which can be obtained from the Jiza area. Recirch-
lated sewage water could meet the demands of agri-
culture and supply a considerable part of the
domestic requirements, if this can be made accept-
able to the population, Possible sources of im-
ported water are:-

a - Storage on the upper Wadi Wala (say
o5 MCM/annum). This supply is uncommit-
ted.,

b - The base flow of the Vadi Zerga Ma'in
(about 17 MCM/annum). This supplv is
uncommitted but would require desalini-
zation (probably reverse osmosis) and

would involve a very high 1ift. (1000m)

c - Groundwater from Area 8, Azraq north
(say 10-20 MCM). Tais supply may be
required for the Irbid area.

d - The Talal dam.. This water is commnitted
in the long-term to the Jordan Valley.

Area 7 - The Lower Zerqa Catchment Area

This area includes the valley of the Zerdaa
River below the confluence of the Wadi Dhuleil and
Amman, the southern slopes of the Ajlun mountains,
and the northern slopes of the Salt mountain block.
The mean annual rainfall ranges from 250mm on the
lower reaches of the Zerga River to over 650mm in
the Ajlun mountains.

surface Water Resources

A large proportion of the runoff to the Wadi
Zerqa is generated within this area in the form of
flood and base flows. There are in additionia
large number of springs. The total runoff to the
Zerqa Dam averages 97 MCM/annum. This runoff is
committed to the Jordan Valley.
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Groundwater Resources

Thls 1s a hydrogeologically complex area and
there are nc major aquifer systems for groundwater
development, Minor groundwater bodies occur in
some localities on tae higher slopes and grovn
water may be obtained fron the “acl Zerga alluviu-.
The resources have not been quantified,

Existing and Planned Facilities for “ater Resource
bevelopment

Irrigation Vater: Apart from Talal Dam and its
associated distribution system which form part of
the Jordan Valley development, there are no majcr
surface water irrigation facilities in the area,
The dam will serve about 11,000 dunums between the

40,000 dunums below the canal,
gation systems based
on diverted SPring flows and base flows. Increascd

development of surface water irrigation facilities
15 not foreseen,

A few Wwells have been drilled by the private
sector for irrigation. Such scattered development
of groundwater may be expected to continue,

Domestic water Supply: liost of the towns and
villages within the area obtain their water from
springs. An important eéxcept is the refugee settle—
ment (reputed to contain 60,000 people) in the Bag‘a
valley which is supplied from groundwater, A feu
small pipeline systems have been constructed to
deliver water to some villages,

Present and Future Demands

Irrigation vater: The demands Ffor irrigation water
have N3t been quantified. he water available is
sufficient for Present requiremcnts and Futipe Large
sCale develcopment of IPrigar 3

L ol 18 NOt Foreseoen.

Domestic .ater: rhe Pcpulation of the area is prob-
aDly about 200, 0C0 including a large proportion
living in refugee camps. Iresent domestic water
requirement is probably about 3-4 MCM/annum. As a
large part of the population is not permanently .
settled, long-term water requirements cannot be fore -
cast., However the requirement will probably noE :
exceed 6 MCM/annum by the end of the century. This
can be assured from within the area.

Water for Industrial and llining Developments: (o

important requirements under this heading have been
1dentified.
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Conclusions on the long—term Water Resource

Situation in the Area
This area 1s and will remain self sufficien!

for water supplies. The only major supply for
transfer has been committed to the Jordan Valley
via the Talal Dam.

Azraq Horth

This area lies within the northern part of
the Azraq basin extending from the most soutnerl:
of the Azraq springs to the Syrian border. The
mean annual rainfall ranges from 50mm at Azraq U
about 200mm at the border.

surface Water Resources

The only perennial surface water supply 1is
provided by the Azraq springs. The flood runoff
in the area is negligible. The discharges of ti
Azraq springs are tabulated below togetiner with
date on water quality.

Table 7. Discharges and water Quali'ty - Azraq
Springs (19¢€3 data). y

Annual Maximum Minimum 8

Discharge ionthly Monthly Quality
(MCM) (m>/n) (m3/h)  _(ppm)
2.5 316 265 330
663 754 680 780
6.0 625 514 1300

Groundwater Resources

The basalt aquifer underlies almost tiu
area and provides the most important groundwal
resources. The Amman-Wadi Sir and Kurnub aquil
are present at depth but contain poor quality w

A model study indicates that 10 to 20 MCil/
of good quality water could be developed froin
area immediately to the north and northeast of
Azraq Druze springs. The rate of water extracti:
would eventually kill tne Druze spring and redu
the flow rate of the southern springs.

Existing and Planned Facilities for Water ResOW
Development

Irrigation water: About 40 wells have been coii:
Ted by the private sector mainly in the area Lo
north and northeast of Qa' Azraq. However many
these wells are not utilised and the area actual
irrigated does not exceed a few hundred dunums.
Drilling of additional irrigation wells has bee
prohibited.
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pomestic Water Supply: The Azrag springs (Druze)
supply water to the Irbid pipeline via the Azragq
pumping station and a 16" pipe. A branch line
takes water to the HS5 area.

Present and Future Demands |
Irrigation Water: Present gross extraction for
irrigation does not exceed 2 MCii/annum, Futurc
extraction will depend on whether the Government
permits development in the area.

Domestic Water Supply: Local demands for domestic
water are very small. About 1 MCM was pumped to
the Irbid pipeline system in 1974. Future demands
wvill depend mainly on whether Government decides
to develop additional water for the northern
districts from this source.

Conclusions on the long-tern Water Resources
Situation in the Area

The area presently offer a large surplus of
water for development. A decision is required on
wvhether the resource is allocated for agricultural
development in the area or whether it is reserved
for domestic use in the northern districts,

Area 9 - Azraq South

The area lies within the southern part of the
Azraq basin. The average annual rainfall ranges
from less than 50 to about 100mm.

Surface Water Resources

The only surFace Fflows occur as occasional
flash floods in wadis. The water flows to Qa‘
Azraq and evaporates. Conservation does not appear
feasible except by induced recharge to groundwatcr,

Groundwater Resources

Groundwater 1s contained in the Rijam limestone
aquifer at shallow depth but is generally of poor
quality except in the Kherane area where water with
about 600 ppm of dissolved solid occurs. The re-
charge is believed to be 5-10 MCM/annum. The
Amman Wadi Sir aquifer and the Kurnub aquifer are
present at depth but contain poor quality water.

Existing and Planned Facilities for Water Resource

Development

The only facilities within area are wells
equipped as desert watering points. No additional
developments are planned.

Present and Future Demands

Present demands are minimal and are not expec=
ted to increase appreciably in the futurec.
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Conclusion on the long-term ‘ater Resources
Situation 1n this Areca

Thls 1s an area of generally poor quality
groundwater which also has low potential for irri-
gation due to the soils. Though the area has a
water surplus, it i1s considered to have a low
priority for development,

Area 10 - The Madaba Area

This area approximates to the catchment of
the Wadi wala. The mean annual rainfall ranges
from 200 to 500mm.

Surface Water Resources

The mean annual flood flow in the wadi vala
at the Madaba-Karak road crossing near the outlet
to the area is 43 MCM with a range of 9.5 to 92
MCM ‘(MacDonald data)., Most of the base flow in
the Wala occurs below the crossing into Areca 23.
Preliminary studies indicate that a dam at Rumeil
with storage of 75 MCM would yield about 25 IMCH/
annum, This water is presently uncommitted.

Groundwater Resources

The groundwater resource of this area is con-
tained in the Amman-Wadi Sir aquifer system. The
recharge over the entire area is estimated to aver-
age about 35 MCM/annum. The groundwater discharges
to the Dead Sea, mainly as base flow in the wadi
Mujib. The exploitable resource is much less than
the recharge. It is considered that no more than
half of the recharge could be recovered, Wwater
levels are deep on the plateau (about 150 metres
in the Jiza area and on the Daba Plain). Shallower
levels may be obtained in the lower part of the
wadi Wala catchment but there i1s little demand 1in
this area.

Existing and Planned Facilities for Water Resources
Development '
Irrigation Supplies: Irrigation facilities consist
of minor base flow and spring flow diversion in the
lowe: part of the Wwala catchment and few wells, two
of which are in the Jiza area. Increased develop-
ment of irrigation is not foreseen,

Domestic Water Supplies: The main domestic water
supply facility 1s the Madaba pipeline which pre-
sently obtains its water from wclls in the Amman-
Zergqa area (Area 6). A pipeline facility is planned
to supply the villages in the Dhiban area. A number
of wells have been drilled in the Jiza area with a
view to obtaining additional water supplies £9q
Amman. a4
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present and Future Demands

Trrigation water: The use of water for irrigation
Tias not been quantified but is small. The inain
source of supply is from springs and base flows in
the lower Wala catchment. Demands are unlikely to
increase. '

pomestic Water Supplies: Pumping to the Madaba
pipeline was 0.85 MCM in 1974. Total domestic
water use in the area was probably in the range of
1-1.5 MCM in that year. With normal population
growth, this demand may be expected to increase to
1.5-2 MCM in 1980 and 3-4 MCM by the year 2000.
However accelerated growth may occur due to the
construction of the new airport in tnis area.
Transfer of stored surface water from this area
(Rumeil dam) to Amman may be solution for the deve-
loping water shortage in area o.

Conclusions on the long-term ater Resource
Situation in this Area

The area has presently an unused surplus of
both surface and groundwater. Accounting only for
identified growth in demand within the area; a
long-term surplus may be foreseen. However,
demands for water transfers to the Amman-Zerqa
area may absorb much of the available surplus of
surface water.

Area 11 - The Qatrani-Sultani Area

This 1ies within the eastern part of the vadi
Mujib catchment. The mean annual rainfall is in
the range of 100 to 300mm.

Surface Water Rresources

The Flood Flows leaving this area by the Ladi
Mujib average 24 MCM/annum with a range of 0.5 to
84 MCM/annum (MacDonald data). Base flows in
this area are small and are either consumed by
irrigation along the wadi or reinfiltrate to ground-
water. A possible dam site at Wukheila with live
storage of 5.5 MCM and an annual yield of 5.5 MCM/
annum has been investigated,

Groundwater Resources

The Amman-wadi sir aquifer system underlies
the entire area. The mean annual recharge 18
probably in the range of 20 to 30 MCM/annum. The
groundwater discharges to the Dead Sea, mainly as
base flow in the wadi Mujib. The reservoir stor-
age is very large and there is the possibility for
controlled depletion in this area. Potential
development areas are SiwagsQatrani, Sultani X Abyad
where water levels are in the range of 60 to 100
metres below ground surface.
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%.11.3. Existing and Planned Facilities for Water Resource

Development

Trrigation supplies: The irrigation facilities in
The area consist of small scale spring and base
flow diversion by the private sector and a Govern
ment developments of 1700 dunums of irrigation by
groundwater at Qatrana and 500 dunums at Abyad.
Incrcased facilities for use of surface water are
not foreseen. Designs have been made for extend-
ing the irrigated areas at Qatrana and Abyad and
for irrigation developments at Siwaqa and Sultani,

pomestic Water Supplies: Minor storage dams have
BPeen constructed at Qatrani and Sultani (4.2 and
1.3 MCM storage respectively) but these do noct
provide a firm supply and are little utiliseds
Qatrani village obtains its domestic water supply
from groundwater and there is a desert watering
point at Siwaqa.

Present and Future Demands

Trrigation vater: The quantity of surface water
utilised for irrigation has not been quantified
but the demand is not expected to increase due

to lack of command area. The gross requirement
for the existing groundwater irrigation facilities
at Qatrana and Abyad is about 3.0 MCM/annum,

pomestic Vater Supplies: Present use of watex for
domestic supplies 1n the area is very small and
will remain so in the future unless developments
draw population to this area.

Conclusions on the long-term water Resource
Situation in the Area

This 1s a water surplus area. The possibili-
ties for mobilising the surface water in this area
are limited and flood runoff to the Dead Sea will
continue. Groundwater resources could be exploi-
ted in the Siwaqa, Qatrana 6 Sultani and Abyad areas
at relatively low cost.

Area 12 - The Karak Area

This area lies mainly within the western part
of the catchment of the Wadi Mujib. A small part
of the area drains to the Wadi Karak. The mean
annual rainfall ranges from 200 to 350 mm.

Surface Water Resources

There appear to be no opportunities for mobi-
lising flood runoff within this area. There are
few springs except along the Mujib.
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Croundwater Resources

The area 1s underlain by the Amman-wadi sir
aquifer system, The mean annual recharge is
about 30 MCM of which 7 MCM discharges to the
wadi Karak and the balance to the wadi Majib.
The exploitablc resource is probably of the
order of 10-15 MCM/annum.

Existing and Planned Facilities for vater Resource
Development
Irrigation Supplies: Irrigation facilities coj-
Sist of spring and base flow diversions along the
Mujib and an area of 500 dunums irrigated by
groundwater at El-Chuwair. The arca irvrdqgnterd Ly
surface water is not expectoed to inerease,

Designs are available for extension of the ground-
water irrigated area around El-Ghuwair.

Domestic Water Supplies: A Pipeline system based
on a well at El-Ghuwair supplies the villages in
the northern part of the area., The Mazar pipe-

line system supplies the southern villages. Karak
town is supplied from a Spring on the Wadi Karak.

Present and Future Demands

Irrigation water: The quantity of surface water
utilised for irrigation has not been quantified

but the demand is not expected to increase. The
groundwater extraction required for irrigation at3
El-Ghuwair is in the range of 200,000 to 250,000m”/
annum., Extension of the area irrigated by ground-
water could increase the demand to 2-2,5 MCHM/annum,

Domestic Water Supplies: The 1974 pumping for thac
El-Ghuwair and Mazar Plpelines totaled 0.6 and 0.2
MCl respectively, The water used by Larak town is
not known but pProbably did not exceed 0.5 1CM.
Assuming a population growth of 0.3% and allowing
for an increase in per capita demand, the domestic
water supply required could be about 2 MCM in 1980
and reach 4 MCM by the year 2000,

Conclusions on this long-term water Resource
Situation 1In the Area

The area has a relatively large, groundwater
surplus, :

Area 13 - The Dead Sea Lscarpment

Thlis area extends from the Wadi Udheim at the
northern end of the Dead Sea to the northern 1limit
of the Wadi Hasa catchment om the escarpment. ‘The
eastern limit is the crest of ‘the escarpment and
the western limit is the Dead Sea coest. The rainfall
ranges from less than 100mm to about 350mm.
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surface Water Resources

The wadis Zerqa Main, Mujib and Karak tra-
verse the area and most of the catchments of the
Zzerqa Main and Karak lie within the area. Table3
summarises the surface water discharges in the
major streams of the area.

Table 8 - Surface Water Discharges in the Main
Wadis Crossing the Dead Sea bBEscarpment

Mean Discharges (MCM/Aanum)

Name Of Wadi Flood Flows- Base Flows
Zerqa Main { 5:) (15)
Mujib 64 50
Karak k3 (:5)

The floods and base flows of the wadi Zerqa
Main are not utilised. It would be possible to
mobilise part of the base flow but the water 1is
highly mineralised and would require dilution
for agricultural use and dilution or treatment
for domestic use. Part of the flood flows in the
Mujib could be regulated on the Wadi wWala and
upper Wadi Mujib (Areas 10 and 11 respectively).
There are no storage sites on the Mujib within
the escarpment zone and thus 10ss of flood flows
to the Dead Sea are inevitable. Studies have
been made for diversion of about 40 MCil/annum
from the Mujib to Ghor Safi for irrigation.
This will be provided mainly from base flows but
some upstream storage in Areas 10 or 1) Wil he
required to ensure the supply. The base fFlows
on the Wadi Karak are partly utilised for domestic
water supplies for Karak town and for irrigation,
part escapes and infiltrates to the gravel fan
at the outlet onto the Lisan peninsular. There
are no storage possibilities on the wadi Karak.

Groundwater Resources
There are no exploitable groundwater re-
sources of any consequence in this area.

Existing and Planned Facilities for Water Resource
Development

Irrigation Sugglies: The only irrigation facili-
ties are sma Tversion works, mainly on the
Wadi Karak. The diversion of the Mujib base flow
to Ghor Safi is planned.

Domestic Water Supplies: Karak town obtains about
0.5 MCM/annum by pipeline from springs on the

wadi Karak.
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2.13.4. Present and Future Demands
Irrigation Water: The present demand for irriga-
tion water has not been quantified but is exccaded
by the supply. The only major planned increase in
demand is the diversion of about 40 MCM/annum from
the base flow of the Mujib to Ghor Safi.

pomestic Wadi Supply: Adequate water is available
Tor the small village in the area from springs.
The increase in demand for Karak town, which may
reach 1.5 MCM by the end of the century, can prob-
ably be met from the wadi Karak base flow.
Alternatively, it could be produced from wells in
Area 12,

2.13.5. Conclusions on the long-term Water Resource

Situation in the Area

The major uncommitted resource is the base
flow on the Wadi Zarga Main which averages about
15 MCM/annum. However, this is poor quality
water. The springs occurs at elevations ranging
from sea level to -125 metres below sea level.
The resources would be very expensive to mobilise,
Losses of flood flows from the area to the Dead
Sea appear inevitable, ‘

2.14. Area 14 - The Hasa Area
The area occupies most of the catchment of
the Upper Wadi Hasa to the east of the wadi Araba
escarpment. The main settlement is El-Hasa. The
mean annual rainfall ranges from about 100 to
300mm,

2,14.1. Surface Wadi Resources
The surface water discharges within this area
consist mainly of floods in the Wadi Hasa. Base
flows in the river on this reach are very small.
There are some isolated springs.

. The mean annual flood runoff from the area in
the wadi Hasa averages 30 MCH/annum with a range
of 1.5 to 127 MCM/annwn. The only storage sites

. identified (at Tannur, five kilometres downsitream

, of the Karak-Tafila road crossing, and at Ruweihi,

i about seven kilometres downstream of El-Hasa) are
intended for flood control on Ghor Safi and could
not be operated to provide water continuously
through the year.

! 2.14.2. Groundwater Resources

. The main aquifer system underlying the area
is the Amman-wWadi Sir system. The mean annual
recharge is estimated to be about 25 MCM/annum,
most of which originates in the higher rainfall
zone around Tafila. The most advantageous area
for groundwater extraction is around El-Hasa where
water levels are shallow and the well yields are
high. In the iaountain zone, the yields are lower
but are usually adequate for domestic water supplies.
It seems probable that extractions of up to 10 MCM/
annum could be taken from near El-Hasa.
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Existing and Planned Facilities for Water Resource

Development

Irrigation Supplies: Minor spring diversions near
Taflla serve 1rrigation, DLxpansion of this area
1s not foreseen,

Domestic Vater Supplies: The Tafila pipeline supp-
lies Tafila town and a number of villages from
groundwater, Groundwater supplies are delivered to
the population of El-Hasa village and the new vill-
age housing workers on the phosphate development.

Mining Water Supplies: The phosphate development

at ©Bl-Hasa 1s supplied from groundwater. An enlarge-
ment of this facility will be required to support
expansion of the phosphate plant.

Present and Future Demands
Irrigation Water: The use of irrigation water has

not been quantified but increased demands are not
foreseen.

Domestic Water Supply: Pumping to the Tafila pipe-
line was 0.3 MCM 1n 1974. The requirements for the
area may reach 1 MCM by the end of the century.

Mining Water Supplies: The 1975 demand for waticr
at the phosphate plant is 3.2 MCM, increasing to
about 8 MCM by 1980 and 10 MCM in the year 2000.

Conclusions on the long-term Yater Resource
Situation 1n the Area

The main demand will be met from groundwater.
Supplies are adequate for increased domestic water
demand. The demand for irrigation is not expected
to increase., The limits of the supply from the El-
Hasa area for the phosphate mines may be reached
when the mines are fully developed. The available
water 1s about in balance with the long-term future
demand.,

Area 15 - The Husseiniya Area

“This area extends from the Fujeij region near
the escarpment to the vicinity of Tell Burma. The
mean annual rainfall ranges from less than 50mm on
the desert to about 300mm near the escarpment.

Surface Water Resources

This area offers no surface water resources,

Groundwater Resources

The area 1s underlain by the Amman-Wadi Sir
aquifer system., The mean annual recharge is about
6 MCM., It is considered that about this quantity
of water could be exploited,
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Existing and Planned Facilities fur vater
Resources Development

Irrigation Supplies: There is abcut 1000 dunums
of 1rrigation by groundwater in this area. he
area could be extended to 4000 dunums.,

Domestic Water Supplies: The only domestic water
supply facilities are desert watering points and
a piped supply to Husseiniya village.

Present and Future Demand ,
Irrigation ‘Jater: The present demand for irriga-
tion water 1s about 1.5 MCM/annum. The future
demand will depend on the decision whether to
expand the groundwater irrigation area. The dem-
and for 4000 dunums would be about 6 MCl/annum,

Domestic Water Supply: The present domestic
water supply demand 1s very small. Large increases
in demand are not foreseen,

Conclusions on the long-term Vater Resources
Situation 1n the Area

The area presently offers a surplus of ground-
water for development. Ilo developments, apart
from increasing the irrigated area, are foreseen
to utilise the surplus.,

Area 1¢ -~ The Shaubak-Ras en Nagb Area

This area extends from the top of the escarp-
ment between Shaubak and Ras en llagb, eastwards
Lo the longitude of Ma'an. The mean annual rain.
fall ranges from less than 50mn on the desert to
350mm in the vicinity of Shaubak.

Surface Water Resources
This area offers no surface water resources
apart from a few minor springs.

Groundwater Resources

The Amman-Wadi Sir aquifer system underlies
the area, The mean annual recharge is estimated
to be 18 MCM/annum. A model study indicates that
it is possible to extract about 15 MCM/annum from
the area without incurring unacceptable water
level declines.

Existing and Planned Facilities for Water Resources
Development

irrigation Supplies: There are minor areas of
irrigation based on spring water. These areas can-—
Bot be extended. There is a small area irrigated
by wells in the Shaubak valley and a small pilot
development at Arja. The government plans to
develop about 7500 dunums of irrigation by ground-
water under the 1976-1980 plan.
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Domestic Water Supplies: The town of Ma'an 1is
supplied by a pipeline from Talhouni well. Minor
pipelines serve Udroh and Shaubak areas.

Present and Future Demand

Irrigation water: 1The existing use of irrigation
water from wells does not exceed 0.5 MCil/annum.
The demand will increase is about 7 MCM/annum
when the new development schemes are completed.

Domestic Water Supplies: The domestic water
requirement for la‘an is in the range of 0. 5=-1MCM/
annun. The remainder of the population require
about 0.5 MCM per annum., The total domestic re-
quirement may be about 3 lMCM/annum by the year
2000,

Conclusions on the long-term Water Xesources
Situation in the Area

The area at present offers a surplus of
groundwater for development., Taking account of
planned projects and population growth, a surplus
of about 5 MCM/annum is available.

Area 17 - The Northern Wadi Araba Escarpment
This area extends from wWadl Hasa to about
25 km south of Wadi Musa. It forms a region of
extremely broken country between the crest of the
escarpment and the floor of the Wadi Araba. The
mean annual rainfall ranges from 100mm on the
_foothills to 200-300mm at the top of the escarpment,

Surface Water Resources

The only major drainage system which traver-
ses this area is the wWadi Hasa. The base flow in
the Hasa at the outlet to Ghor Safi averages about
25 MCM/annum. The flood flows average about 30MCHY/
annum with a range of 1.5 to 127 !CM. There are
no reservoir sites for regulation of either base
flows or flood flows along the Hasa gorge in this
area, Sites for two flood control regulators on
the wWadi Hasa have been identified in Area 14.

A number of small catchments are contained
within the escarpment area, The flood discharges
are small and cannot be controlled. They flow
to the wWadi Araba and infiltrate to groundwater.

The spring flovs in this area total 10 MCM/
anmum, the most important springs beina in the
areas of Dana & Feifa, Ain Musa,at the hcad of water
Musa discharges about 1 MCM/annum.
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Groundwater ResOurces

There are no important groundwater resources
in this area. Locations might be identified for
wells in the foothill zone.

Existing and planned Facilities for wWater ResSOUrces
Development

Trrigation supplies: All irrigation supplies in
this area are provided by spring diversions.

These facilities cannot be appreciably extended.

pomestic Water Su jiess The villages of the area
obtain domestic supplies from springs.

present and Future Demand |
The demands Tor this area have not been quanti-

fied. Domestic demands are small and large increases
cannot be foreseell. The irrigation demand will
remain fixed at its present level. There may be
future demand to divert spring flows from the Dana
area for use of the copper developments.

conclusions on_the long-term water Resources
Situation in_ the Area

The supplies from springs and base flows will
provide adequate water supplies for use within the
area for the future. The base flows on the Hasa
are committed for development Of irrigation at Ghor
safi. The question of a possible demand for the
copper mining development is unresolved.

Area 18 - The southern Wadi Araba Escarpment

The area Incliudes the mountain range oF Shafat
Ibn Jad extending from near Ras en Wagb to the
frontier with gaudi Arabia south of Agaba. The meen
annual rainfall in the range of 50-100mn.

surface water Resources

The only permanent flows of water are provided
by a few small springs. Flood flows are usually
small and very erratic. The area offers no possi-
bilities for mobilising surface water.

Groundwater Resources

The area 1S underlain by crystalline rocks
of very low permeability. Groundwater may be con-
tained in wadi bed alluvium. The major alluvial
body is in the wadi Utum gorge. The estimated re-
charge to the Wadi Utum alluvium is about 3. SMCM/
annum and tue safe yield is about 2.4 MCM/annum.
The supply 1is committed to Agaba.
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Existing and Planned Facilities for water

Resources Development

Irrigation water: Wwater is not used for irrigation
in this area. There is no possibility for future
development.

Domestic Supplies: The Aqaba pipeline from the
Wadl Utum gorge 1s the only domestic water supply
facility.

Present and Future Demands

The only existing important demand is for
Aqaba. The present rate of pumping is about 2,4MCM/
annum. It is considered that the lower Wadi Utum
alluvium cannot produce additional water supplies.

Conclusions on the long-term Water Resource
Situation in the Area

The samll amount of groundwater which can be
developed in this area has been mobilised.

Area 19 - The Quweira Area
The area forms a narrow strip of territory ex-
tending from the foot of the Ras en Nagb escarpment
is the head of the Wadi Utum gorge. The mean amual
rainfall is in the range of 50-100mm. ;
|

Surface Water Resources : 4 ) &
The area offers no possibilities for surface

water development.

Groundwater Resources

The area 1s underlain by a sandstone aquifer
of the Disi Group. Mean annual recharge is about

.3MCM/annum. It is considered that about this

amount of water could be extracted on a safe yield
basis. This rate of extraction would in the very
long term effect the existing well field in the

lower Wadi Utum gorge.

A recent model study has shown that the volune
of water stored in the aquifer would support a long

term depletion programme.

Existing and Planned Facilities for Water Resource
Development ;

A small pipeline facility supplied by_ground—
water serves about 400 houses in Quweira village.
Two wells have been drilled for the pipeline one
of which is presently in operation. There 1S 1n
addition one well providing water for stock and

nomads .
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2.20.1.

2.20,2

Present and Future Demands

The D.W.C. records show that 0.1 MCM were
pumped to the Quweira pipeline in 1974. A large
demand from the population in this area cannot
be foreseen.

Conclusions on the long-term VWater Resources
Situation in the Area

The area presently offers a water surplus.
Future local demands are not expected to exceed
the supply. Water could be transferred to Agaba.
The amount and duration of the supply would
demand on the rate of groundwater depletion
accepted.

Area 20 - The Qa' Disi-Mudawara Area

This area uccupies must uf the Souuthern
Desert of Jurdan. The mean annual reinfall is
less than 50mm.

surface Water Resources

There are no perennial surface flows. Flouds
are generally small and extremely erratic. There
are nou possibilities fur mcbilising surface waters.,

Groundwater Resources

The major aquifer system is formed by the Disi
Group sandstones., This underlies the entire area,
Minor aquifers are cuntained in the ouverlying
Khreim Group sediments in the area arvund Mudawara.
The groundwater resources in the Tubaik mountains
to the east of Mudawara have not been investigated.

The Disi Group sandstone aquifer receives an
average annual recharge of about 70 MCM. The
reservoir storage in the system is immense and
would support a long-term depletidn programme,

The most advantageous areas Ffor exploitation of the
resource, taking account of water levels and drill-
ing depths are around Qa Disi, Sahl es Swan and Qa
Ghal. Very shallow water levels occur around
Mudawara but the drilling depths would.exceed 600
metres. Well yields in excess of 200m3/h can be
obtained. '

A model study has shown extraction of about
50 MCM/annum from the Qa Disi-Sahl es Swan - Qa
Ghal area would cause water level declines of about
100 metres in the pumping area over a period of
50 years.
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Existing and Planned Facilitics for vater
Tesources Development A e

—Tne only important existing facilities are
government financed groundwater irrigation schemes
serving 7500 dunums in the Qa Disi and Sahl es
Swan areas. i

"

It is planned to supply water for developments
in Agaba by water transfers from a well field in
this area.

present and Future Demands g
The design requirement of the existing irriga-
tion schemes is 15 MCM/annum. Bearing in mind the
demand for Agaba (see below and Section 2.21) it
would appear that extension of the irrigated are
should not be undertaken. :

The demand for Agaba may be in the range of
15 to 25 MCM by 1990 depending on the scale of tke
development actually implemented and the projected
per capita demand accepted for the forecast (see
section 2,21). The long-term source of most of
this water supply will be the Qa Disi area,

Conclusions on the long-term Vater Resource
Situation 1n the Area

‘The area presently offers a large water sur-
plus. However, the requirements of the existing
irrigation systems and the future demands for
Agaba from the Qa Disi area will induce consider-
able head declines over the next 50 years. The
declines will be most marked during the early
stages of pumping and the system will not be in
equilibrium by 2025. The future pumping levels
will be acceptable for domestic and industrial
supplies but will becume marginal for agriculture.
It is recommended that no further demands than
those planned For Aqaba and the existing irriga-
tion should be planned until the actual response
of the system to withdrawals has been observed,

Area 21 - The Wwadi Araba

This area covers the floor of the Wadi Araba
from the southern end of the Dead Sea to the head
of the Gulf of Agqaba. The narrow strip along the
coast of the Dead Sea to the Lisan peninsula 1is
included. The mean annual rainfall is in the
range of 50 to 100mm.
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Surface Water Resources

The only surface water flows which can be
utilised occur at the northern end of the area
around Ghor Safi where Wadi Hasa and a number oOf
minor wadis discharge to the Wadi Araba and the
Dead Sea covastal zone. The most important source
is the wadi Hasa with a base flow of 25 MCM.
The mean annual flood flow on the Hasa 1s about
30 MCM/annum with a range of 1.5 to 127 ICHM. Two
small reservoirs have been identified on the wadi
iiasa in Area 14 but these would function as flood
regulators to provide protection to the irrigated
areas on Ghor Safi. It would appear inevitable
that flood water losses to the Dead Sea must be
accepted in high run off years.

The base flows in the wadis Khuneizira,
Feifa and Hudeira total about 5.4 HCM/annum. The
total base flows from side wadis on the Dead Sca
coastal strip to Lisan total about 7 MCH/annum.

It is planned to divert about 40 MCM/annum
from the base flow of the wadi Mujib to the
southern ghors. i

Groundwater Resources

The groundwater resources of Wadi Araba have
not been investigated. A study is presently
being initiated. In general the groundwater 1s
of poor quality. However, good quality water
should be present in the fans of wadis which dis-
charge into the area,

Existing and Planned Facilities for Water
resources Development

Trrigation supplies: The existing irrigated areas
are concentrated at the northern end of the wadi
Araba on Ghor Safi and Ghor Feifa, extending inter-
mittantly along the coastal strip on the Dead Sca
as far north as the Lisan Peninsular. The area
presently irrigated has been estimated as 34,000
dunums but the intensity is very low. The areas
of irrigation are subjected fo flood damage. The
Government plans to develop irrigation facilities
on a gross area of 54,000 dunums. The watcr
sources will be from the wadi Hasa and the small
side wadis adjacent to the development area and a
diversion from the wadi Mujib. At full develop-
ment, storage may be required on the Mujidb and
flood control will be required on the Hasa (see
Sections 10, 11 and 14).
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Domestic and Industrial Water Supplies: The only
important domestic water supply facility is for
Aqaba town. The town presently obtains most of
its water from wells in the lower wadi Utum (Area
18) though poor quality water is obtained Ffrom
wells adjacent to the town. Developments in the
Aqaba area will demand additional water supplies
for the resident population, for tourism, for the
port and for industrial developments. It is
planned to import the bulk of the water required
by pipeline from the Qa Disi area (Area 20). An
alternative source for part of the supply would be
the Quweira area (Area 19).

Possible future facilities are for the potash
development at the southern end of the bLead Sea
and a copper development near the Wadi Dana.

Present and Future Demands

Irrigation Water: The present irrigation require-
ments have not been quantified. The long-term
plan for irrigation of the southern ghors will
require about 80 MCM/annum. This will utilise all
the base flows of the Hasa and adjacent side wadis
plus a diversion of about 40 MCM from the base
flow of the wadi Muijib Storage on the wadi wala
and Upper Wadi Mujib may be required to ensure the
security of the Mujib diversion supply. There may
therefore be competition for water should the
Rumeil Dam supply on the Wadi wala be required for
the Amman Area.

The Agaba Development: The plans for the Aqahé

area include tourism, the extension of the port
facilities and provision of a free trade zone, and
development of industry. The last will consist of

a phosphate fertilizer plant in the early stages-

a refinery may be added at a later stage. Table 9
and 10 summarise the low and high projected demands
developed by Tippets, Abbet, McCarthy and Straton,
Consulting Engineers for the proposed Aqaba develop-
ment.
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Table 9, Demand for water = Adgaba ove opniend
Low pProjection(in MCM)

Domes- Phos-

tic phate Refi- Port Tou-

Water Plant nery FTZ Other rism Total
1.8 - - 0.1 - 0.1 2.0
3.7 1.8 - 0-4 O¢2 001 6.2
4.7 1.8 L 004 003 0.3 7.5
6.5 3.0 - 0.5 0.5 0.4 10.9

mable 10. Demand for Water - Agaba pDevelopment
Mok (aocotaves (an SRl

- R

Domtes-~ Fhos-

tic phate Reri- rort Mou=-

water FPlant nery FTZ Other rism Total
1.8 - - 0.1 - 0.1 2.0
309 2.4 — 004 i 0-3 0.1 7.1
6.6 4.4 0 e 0.4 0.5 0.4 13.9
8.8 5.0 1.6 0.5 0.7 0.7 17.3

The projectionsprovided in Tableg 9 and 10
are based on per capita demands,110 m /cap/year-78
100m3/cap/year, in 1979 and 90m"/cap/year there-
after. Allowing 204 for losses, the supply must
be 13.7 MCM to meet the 1990 low projection and
21.6 MCM to meet the 1990 high projection.

Assuming 120m3/cap/yr demand anc 20% 1lo0sses,
the low projection supply will be 16.4 MCM in
1990 and the high projection will reach 25.3 MCHM

in that year.

The above supplies cannot be obtained from
the Agaba area or from the Lower wadi Utum gorge,
which has a safe yield of 2.4 MCM/annum. Part
of the supply could be obtained from the Quweira
area (Area 19) but extractions in excess of about
3 MCM/annum would involve long-term mining of
this supply. The long-term, firm soutrce of
supply is Qa Disi (Area 20). -

Possible Demands for Copper and Potash Developmen!
The possible development Of cCopper mining

and smelting based on the ore body near Dana would
have a water requirement of about 6.5 MCM/annum
in 1980 rising to 15 MCM in the year 2000. The
source of the water supply has not been identifiec
Possible sources are spring water in the escarp-
meng area (Area 17) and groundwater from the Wadi
Araba.
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Extraction of potash from Dead Sea water may
be undertaken. The demand for water would be
1.75 MCM/annum, exclusive of flushing water. The
supply could probably be obtained from groundwater
in the Ghor Safi area. An assured source would be
an allocation from the base flow of the wadi Hasa,

2.21.5. Conclusion on the long-term Wwater kesource
Situation in the Area
The proved surface water resources of this
area have been committed. Water transfers are
necessary to support the planned developments,
Groundwater exploration should be undertaken as a
matter of high priority.

2,22, Area 22 - The Jafr Area
. ' This 1s a small area around the Jafr oasis.
] The mean annual rainfall is less than 50mm.

2.22.1. Surface Water Resources
There are no possibilities for storing sur-
face water. The occasional floods discharge to
the Qa Jafr and evaporate. The possibility of
inducing recharge to groundwater by check dams
ai.d flood spreading should be investigated.

2.22,2. Groundwater Resources
Groundwater is contained in a shallow aquifer
system formed by the kijam Formation. Water
quality has deteriorated below the presently irri-
| gated area. The mean annual recharge is about.
6 MCM.

The Amman- Wadi Sir system underlies the area

at depth. Static water levels are 75-100 metres

. below ground surface. Wwater quality is fair
(about 1000 to 1200 ppm). Well construction costs
will be high due to the presence of loose, fine
sand in the aquifer. The recharge is small and
occurs as underflow from adjacent areas. The
reservoir capacity is large. Controlled aquifer
depletion could be envisaged.

2.22.3. Bxisting and Planned Facilities for Wwater
Resources Development
The Government irrigation facility at BEl-Jafr
is based on groundwater and serves about 3000 durmms

i

It has been suggested that the new phosphate
plant at Shadiya to the southwest of Jafr in Area 2
may obtain water from the Jafr area.
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Present and Future Demands

The 1974 pumping For irrigation at Jafr is
reputed to have been 2.4 MCM. This is insuffi-
cient for full development of 3000 dunums. The
requirement for the existing irrigation facility
may incCrease to between 4.5 - 6 MCM/annum.

The demand for the Shadiya phosphate plant
may reach 6 MCM/annum by 1980 and 10 MCM/annum by
the year 2000. It is very doubtful whether this
supply can be assured from the shallow aquifer
system at Jafr, even on the basis of long-term
depletion.

Conclusions on the long-term water Resources
Situation in the Area

A large part of the rechargeable groundwater
in the shallow aquifer system has been committed.
An attempt to extend the irrigated area or meet
the demands of the Shadiya phosphate plant would
probably put the system on overdraft. Gitven the
importance of the phosphate development, the
effects of various rates of extraction from the
Jafr area require detailed study.

Area 23 - The Eastern Desert Plateau

The area includes essentially the entire
desert plateau of east Jordan to the border with
Saudi Arabia excluding the Azraq South area
(Area 9) and the Jafr Oasis area (Area 23). The
mean annual rainfall ranges from less than 50 mn
in the east to 100-150mm in the west.,

Surface Water Resources

The area offers no possibilities for develop-
ment of surface water.

Groundwater Resources

The Amman-wadi Sir aquifer system underlies
the entire area. Recharge is small and occurs
mainly as underflow from adjacent areas. The
reservoir storage in the aquifer system is very
large and would sustain a long-term depletion
programme. Water levels are generally less than
150 metres below ground surface in the west of
the area (areas with less than 100 metres water
levels occur) but water levels increase fairly
rapidly to the east. Drilling depths also increase
to the east. Well construction costs will be
high in the south eastern segment of the area emb-
racing the Jafr oasis. Well productivity deterio-
rates in this segment. The water quality is
generally better than 1000 ppm in the western part
of the area.
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2.24,
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The western part of the Sirhan basin is
included in the area. Groundwater of variable
quality can be obtained from shallow aquifers in
this region., The quantity of water available is
not known, but the recharge will be small.

Existing and Planned Facilities for Water
Resources Development

~The only existing facilities are a few
desert watering points.

The new phosphate plant at Shadiyah will re-
quire water., As the water cannot be obtained
from the Shadiyah area, a pipeline conveyance will
be necessary. )

Present and Future Demands

Existing demands are minimal. The only large
scale future demand identified is for the phos-
phate plant at Shadiyah which could require 6 MCM/
annum by 1980 and 10 MCM/annum by the year 2000C.

Conclusions on the long-term Water Resources
Situation 1n the Area

1t 1s unfortunate that, while the area as a
whole offers surplus groundwater, the Shadiyah
phosphate development is located in that part of
the area where groundwater resources are minimal,
Wells in the Amman-Wadi Sir aquifer near Ma'an
railway station would have water levels of abeut
130 metres below ground surface and exploration
extending south-eastwards from Ma'an migh be
justified. The shallow aquifers of the Jafr area
(Area 22) appear to provide an uncertain supply,
but his should be verified. Deep wells near Jafr
to the Amman-Wadi Sir aquifer would be expensive
to construct. Given this situation, the water
supply for the Shadiyah phosphate plant requires
careful investigation.

Area 24 - The H4 - H5 Areas

This includes the entire "Panhandle area® to
the east of Areas 8 and 9., The mean annual rain-
fall is less than 50 mm.

Surface wWater Resources

This area offers no possibilities for surface
water development.
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groundwater Resources

Tne groundwater resources of the area have
not been quantified but the rechargeable resource
is believed to be small . The groundwater 1s
contained in basalt aquifers in the western half
of the area and in limestone aquifers in the
castern half. Water levels are generally deep
and the water quality is usually PpoOoOT.

Existing and Planned Facilities for Water
Resources bDevelopment

The existing water Supply facilities consists
of a number of single well installation to supply
nomadic people and army encampments. A branch of
the Irbid pipeline extends to H5. No major deve-
lopments are foreseen.

Present and Future Demands

Sresent demands in this large area are re-
latively small. Estimates indicate that current
pumping from all wells for domestic supplies and
stock watering totals 0.6 MClM/annum, Large increa-
ses in demand are not foreseen.

Conclusions on the long-term water Resources
Situation in the Area

This area offers very 1imited groundwater
resources and no surface water resources. Hever-
theless it should be possible to supply the demands
for domestic and stock water from wells il
the area, though poor guality water may nave o b
accepted.

3. Recapitulation on Important Areas

3.1,

The Jordan Valley

Tnc _lanned developments for irrigation on
the east bank of the valley commit essentially all
the available water resources. 1f large demands
are made in the future for developments On the west
bank of the valley, the area will be in deficit.

The Northern Districts

Trovision ofF domestic water supplies will
continue to provide problems. Larger water trans-
fers will be required. The possibility of obtain-
ing groundwater from the Husn-Nu'aime area should
be investigated though high 1ifts and relatively
low yielding wells will have to be accepted. The
yater resources available from the Sama Sdud area
should be properly evaluated and supplies alloca-
ted to the Irbid pipeline. In the longer term,
grcater reliance may have to be placed on imported
supplies from groundwater at Azraq. This source
of supply should be properly evaluated. The Azraq
water is presently uncommitted. A firm supply .
could be obtained from surface water in the Yarmouk
but this would be to the detriment of the Jordan
valleys '
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The Amman-Zerga Area

This area will probably move into deficit
during the 1880°'s. Meanwhile, the Amman-Wadi Sir
aquifer of the valley 1s believed to be under-
exploited. The first priority is to make a proper
assessment of the safe yield of this system. In-
sofar as a large proportion of the water supplied
for domestic use is not consumed, provision should
be made for recycling reclaimed sewage water, prob-
ably through the aquifer system. Polution control
for industrial effluents may be necessary.

Possible major sources of imported water
should be evaluated and their costs of mobilization
compared.

These include:-

a. Groundwater and/or surface water from the
wadi wala catchment. A possible storage
reservoir yielding about 25 MCM/annum
has been identified at Rumeil at an ele-
vation of about 600 metres M,5.L. and
about 40 km from Amman.

b. Groundwater from the Azrag area (10-20MCM/
annum). This supply is at an elevation
of about 500 metres and about 80 km from
Amman. The supply may be needed for the
Northern Districts.

c. The base flow of the Zerqa Main (about
15 MCM/annum). This supply is at 125
metres below sea level and at a distance
of 50 km from Amman over rugged terrain.

d. The Xing Talal dam. The dam is at an
elevation of about 75 metres and at a
distance of about 40 km from Amman over
rugged country. The water has been com-
mitted to the Jordan Valley.

The Hasa Phosphate Development

The Future demands for water (8MCM in 1980 -
10 MCM in 2000) must be met from groundwater. The
available supply within the vicinity of El-Hasa
should be properly evaluated.

The Shadiyah Phosphate Development

Provisions of water for this development will
present difficulties. The possibility of obtaining
supplies from the Amman-wadi Sir aquifer in the
Mean area should be investigated. The exploitable
resource from the shallow aquifer system of the
Jafr area should be properly evaluated.
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3.7

3.8-

3.9.
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The Agaba Levelopment

The supply for developments in the Aqaba areca
is assured from Qa Disi. Part of the supply could
be obtained by depletion of the aquifer system below
Quweira. Desalinization of sea water at Agaba ur
brackish water from the wadi Araba are not economic-
ally comperative with mobilising groundwater from
either Disi or Quweira.

Irrigation of the South Ghors

The first phase plan for irrigation of the South
Ghors will utilise the base flows of the Hasa and the
smaller wadis in the vicinity of the irrigated area
and the base flow of the Mujib by diversion.

Possible Potash Development at the Dead Sea

The relatively small water requirement Ffor this
development could be supplied by an allocation from
the Hasa base flow or possibly from groundwater.
The latter requires investigation.

Possible Copper Development at Dana

This development, 1f undertaken, will have a
large water requirement (€.5 MCM in 1980; 15 MCH in
2000). The source of the supply has yet to be
identified,.

Amman 28/8/1975

WB/WD
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