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1.

1.1

objectives of Nation-wide water Resources Planning

Basic Tarqets

The increasing demand for water in almost all countries

is confronted with more and more problems which are re-
lated to the availability of natural water resources on

the natj-onaI or regional Ievel and the progressive re-
duction of these resources due to pollution effects' If
not balanced through highly efficient water planning and

ftanagement, many countries may sooner or later reach the

limj-t,s of thej-r socio-econonLic development. Water planning

means to determ'ine the most appropriate allocation of the

resources to the various water users and to formulate

medium- and long-term policies and guidelines for the

e4)loitation and the utj-lization of the water resources i

the subsequent water management should aim at the best

use of the available resources (water, funds, manPott/er,

and other relevant means), the most suitable method,s and

operations, and - as far as Practicable - the renewal of
the resources.

These basie objectives and targets were mad,e the topics of
a nunber of internationat and UN-sponsored conferences; the

Iast one, a year &go, in Mar del Plata ln Argentine. A

ratj-onal management of national and regional vrater resources

is indispensable whenever adequate water needs are to be

secured or when problems of conflicting water requirements

are to be solved in development prografimes. However, all
water allocation Policles and rnanagement plans are closely
related, to eorresponding considerations of economj-c and

human development, health and environment Protection, and

of financlal, Iegal, and organizational aspects. Many

countries took account of this relationship. They established
organi-zations and procedures for water management and river
basin planning. Frequently, the operations helped to coPe
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B/ith regional or rocal shortages of water supply; they
facilitated the control of the water resources utilizati_on,
and they made people and water users aware of the require-
ments regarding water saving practices and control of water
pollution- The great number of these experiences suggested
to pronote trai-ning/research and documentation centres on
water management at high poricy- and decision-making reve1.
rn early 1977, €.9. in varbonne (France) one of such centres
started its activities. Anong the various objectives, the
centre is placing first priority on the dissemination of
information on the methods for the preparation of nati_onaI
water plans. The progranmes d.eal thoroughly with the governinc
aspects (like demography, national economy and potentiars,
health, environment, water quantity and guality) in order to
establish and mai-ntain the consistency between the different
obj ectives .

fn line with the definitions, ,,national water plans,, provide
a quantitative and qualitative description of the water re_
sources and of exi.sting and potential works for the utiriza_
tion of the resourcesi they evaluate water quantity and qualit
requirements of the d.ifferent water users (under present
conditions and in vlew of medium and long-term development
plans), and they outline potential recycling techniques.
They formulate water allocati"".pr"grammes which take account
of alternati-ve'objectives, resources, and requirements, and,
they establish policies and general management rules, which
form the basic auidelines for alr the subsequent water re-
sources development strategies, detailed prbject studies,
and implementati-on,/investment progranmes at regional or even
individual project level.

Thus, the necessary arrangements for the administrative and
legal structure related to water resources pr:::::lng and
cohtrol are to be seen as integrar part of each nationar
water plan- At government 'and decision-making leve1, these
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arrangements should primarj-ly serve an effective guidance

and implementation of the programmes and poli-cies, once the

plan has been approved. Any decisionS, also immed'iate ones

to solve urgent water shortage problems or resources pro-

tection in quantity and quality, should be in line with the

established strategies and consistent with the med'ium and

long-term d,evelopment targets. Development forecasts and

projections, of course, do seldom meet. with the expecta-

tions. They are nevertheless to be made to the best of
the available knowledge and information, and to be reviewed

at regular intervals in order to improve the prograllmes

and strategies and to adapt them to the actual development.

The permanent uPdating and control activities depend sub-

stantially on the effectiveness of the or'ganizational
arrangements for the flow of information and data between

all concerned. For example, Projections on annual water

requirements in the year 2OOO in the Federal Republic of
Germany which were mad.e in 1972 and. reviewed in 1976,

showed considerable differences:

Water Demand in Year 2OOO

projected in
197 6

3 r 9OO l'lCM

16. 1OO MCI*{

48.600 MCM

1 ,1OO MCM

TotaI

Quite
POwer
icant

42,4OO MCM 69,7OO MCM

Private Households'
Industry i..? -(exc1. internal
recycling operations)
Powerplants
Small industries,
public utilities
agricult,ure

projected in
1972

4,7OO MCM

22.100 MCM

'14.500 McM

1,1OO IICM

obviously, the revj-sed projections regarding electric
demand (thermal power plants) caused the very signif-
increase in water requirements; for most of the
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specific demand centres the rocal problems can only be
coped with through transfers of water over large distances,
and they force the authorities to delineate water production
and protection areas which are ln conflict with the interests
of other users and deveropment plans of the areas.

1.2 Specific Approach Applied in Jordan

The Government'has realized that the achievement of the
national development targets is very much dependent on well
coordinated policies and strategies for the utilization of
the countryts scarce water resources. Appropriate management
and exploitation of these resources have been given high
priority ln order to.cope with the immediate and projected
water demand in the country. The authorittes concerned,
however, are aware of a nr:mber of constraints, and i-n the
documents of the current Five Year Plan for Econornic and
Socia1 Development (1976-198O) they identifj-ed the charac-
teristics, probLems, goaIs, and organj-zationar measures
related to water resources planning and management in the
Kingdom.. Accordingly, the formuration of a national water
plan and of a water resources policy was made one of the
development programmes within the scope of the Five year
Plan. The specific targets and principal outlines of the
approach may be quoted from some of the relevant statements

locumengs'i

t'Water requirements of the varlous sectors are
constantly on the increase as a result of popu_
lation growth, expansion of irrigated areas, and
establishment of new industries. Although potential

' water resources are rimited and wirr barery meet
the demand expected by the end of the century,
there is no coordlnation or overall-policy, regar-
ding the development of water resources and their
utilization ln the light of priorities and basic
needs. should this situati-on continue, an acute water
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crisis in some regions of the Kingdo;r is eventually
bound to arise. Signs of this are already apparent..

The aim of this project is to carry out a comprehen-
sive study to assess, with a certain degree of
precision, pot.ential water resolrrces and evaluate
requirements i-n the right, of the distribution of
population, industry, agricultural areas, and
development programmes. As a result of the stud,y,
an overalr-water policy wirl be entrusted to the
Higher Nationar water council which wilr coordinate
between the various sectors and forlow up all matters
of execution ....',

These stater:nents reflect to a large extent the scope of
work carried out since Aprir 1976 by a Jordanian-German
working group for the preparatlon of the National water
Master Plan of Jordan. The joint effoqts resulted from a
technical cooperation agreement between the Government of
the Hashemite Kingdom of Jordan and the Government of the
Federal Republic of Germany. The Natural Resources Authority
(NRA) in Amman acted as the responsible counterpart organi-
zation and assi_gned professional staff to the team; Agrar_
und Hydrotechnik GnbH, consulting Engineers, Essen, and the
Bundesanstalt fiir _Geowissenschaft'en und Rohstof fe (the
Federal rnstitute for Geosciences and Naturar Resources),
Hanover, provided their professj-onal services for the German
slde on behalf of the German Agency for Technical Cooperation
Lrd. (crz)

A systematj-c approach taking account of arr the most signifi-
cant aspects of nationwide water resources pranning was
adopted; the documentation which is now avgilable provides
an overall-picture of the water resources anc ..;ater demand
in Jordan. rt is intended to serve as a guideline which may
facllltate the necessary policy decisions at the top revel
^€ +la^ ,-^,,^---i-! Liii: -i;vernment, and the impiementation of these oecisions
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for an appropriate all0cation and utilization of thewater resources. The scarcity of water in Jordan certainlyrequires a more resource-oriented approach to goverrunentcontrol and management. When constraints present ;;;;problems to an attainment of objectives and goals, thenchanges in lawsr policies, and regulations may becomenecessara'r or objectives and strategies may have to bemodified' Thus, the formulation of the Nati-onal g{aterM.aster plan i-s i-ncorporated in a =.n,r"r.. of activities:
definition of objectives;

- quantj.fication of needs and dernands;- apprai-sal 0f available and potential resourcesi- determination of policies and criteria for theevaluation and selection of projects;
- establi-shment of an appropriate institutlonal frame_work for detailed planning, irnplementati-on, andoperation in accordance with the pol.cies and strategiesfor water resources allocation.

rhe recently completed documentation is based on existingdata and information,- the vari-ous devel0pment projectionstake account of devel0pment potenti.als and medium_term(1985) and l0ng-term (2000) devel0pment plans. particularattention was paid to an analysis of soci-o-economic andregional development trendsr.j.n order to assess theireffects on projecrions and ro ,d;;;;;.;" rhe identifi.carlonof development priori-ties i-n cases where available water
:::il::: 

and thej.r resi.onal disrribution constlture con_

rn this way, the framework and procedures for the formulationof the National water Master plan of Jordan have beenestablished' The findings of the studies and :el,lewsalthough they have had to be based on a nunber of estimatesand assumptions because of i-nsufficient data sources - areconsidered to be adequate for rearistic first concrusions.
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2. Water Resources and Water Demand in Jordan

2.1 Basic Approach

rn recent years, severar efforts were made to obtain an
- overall-picture on the countryrs water resources and water

requirements. such assessments were considered necessaryj'n view of the various development projections establj-shed
for Jordan by a nr:mber of Government authorities and other
ag'encies ' The data sources and available backgrognd informa-
tion, however, were scarce. only tentatj-ve conclusions could
be drawn- From the reviews, nevertheless, it appeared that
a number of water resources devel0pment projeets were con_
cei-ved and i.mplemented wi-thout fu1l consideration of impli_
cations resulting to other water users.

As stated before, the formulation of any reglonal or
national plan and strategy for the utilization of the
water resources is to bq supported by adequate information
on the available resources, the devel0pment trends, and
the resulting water demand projections. rn fact, such data
do exist to a very limited extent only. rnformation on
regional development programmes j-s inconsistenti a number
of projections were made individu?lly for selected areas
or project schernesT but they seem to diScl0se discrepancies.
The outlines given in the current Five-year-pran for Economic
and social Deveropment refer to the various sectors and theirprojects. They are, however, not necessarily.reflectlng
integrated programmes at national leve1.

Therefore, it was decided to appry a systematic approach
and to incorporate alr the relevant aspects r dt least as
far as available data and lnformation permit, A systematic
and nevertheless for obvious reasons pragmatic approach
was considered necessary to outrine sound planning pri-nciples
and p.rocedures, and to establish a realistic framework fortg
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the formulation and for all future updating National waterMaster plan

According to standard practices, national or regionar watermaster plans aim at a comparative review of the availablewater resources and of their potential utilization to complywith needs and demands. The comparative identification ofresources and demands regui-red a corresponding analysis ofthe conditions in the i-ndi-vidual river basins and surfacecatchment areas. A similar and to some extent separateanalysis was mad.e for the various groundwater basins of thecountry which do not necessarily coincide with the existingsurface basins. The combined information served the deline_ation of appropriate ',balance areas,,, wtrich cover the countrland which provide the overarl-picture on the regionar distri_bution of resources and water demand.

The approach started with an analysis of the present situationin order to assess the water resourees and the extent oftheir present exploitation. The next step referred to themedi'um-term devel0pment projections. They were based, mainlyon existing plans of Government agenciesr and they assumethat the various targets outlined in the current Fi-ve_year_Plan wourd have been achieved untir 19gs. Thus, the sltuationenvi'saged for 1gg5'was compared with regard to the waterresources and to possible devel0pment constraints origi-natj-ngfrom limitations 'ih exploitabre resources. particularly forthat purpose, a methodology for the revlew and identificationof project prJ-orities vras introduced.

A correspondi-ng approach was applied for the tentativeformulation of long-term projectlons. Data on tr.e a;r"rop*"rrtof the water demand until the year 2ooo were estimated underconsideration of the soci-o-economic trends an3 rcaionar de_velopment potentials, though closely related with the assess-ment of expl0itable water resources. pri-mary attention waspaid to the projected demand of potable water supply.
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Finally, the data compiled for the delineated "balance areas,,
allowed to formulate recommendations and guideU-nes for a
water resources allocation strateg'y, and to identify the
areas for which the implementation of a coordinated strategy
should bb given high priority under the National Water lvlaster
Plan.

2.2 Background fnformation and Data

in accordance with the plan of work agreed for the preparation
of the National water Master plan, it has been acknowledged
by all concerned that the availabre data base j-s scarce but
sufficient for ttr"e very necessary first approach to the
formulation of the Plan. A nunrlcer of assumptions and, estimates
had to be introduced, but they have been marked in the docu-
mentation. This applies to data used for the assessment of
the water resources as well as to data related to water demand.
The Plan therefore outlines procedures and methodologies for
improved data corlection and processing of information in
order gradually to erimj-nate estimates and assumptions from
the documentation and to update the plan in due dourse. The
employment of computer facilities for processing and inter-
pretation of water resources data and development priorities
has been initiated and is intended to be pursued and refined,
by the Jordanian agencies.

The details on the data sources and the resurts
ations are compiled in separate volumes of the
pleted documentation; they deal with

"surface Water Resources"
" Groundwater Resources,,
"Irrigation Water Demand,'

" Domestic/fndustrial Water Demand,',

"Socio-Economic Aspects",
and are supplemented by the most important data

of the evalu-
recently com-

I
and findings.
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2.3 Study Areas

rt was decided to use the surface drainage areas as the
basic reference system for the analysi-s of the regional
distribution of water resources and demands. The exi-sting
layout of the administrative units in Jord.an differs very
much from the pattern of hydrological areas, and, the absence
of any other binding or suitable area delineation in Jordan
suggested. rhis approach which corresponds with practices
usually appried for the preparation of regional or other
large-sca1e water master plans. some modifications became
necessary for the interpretat.ion of the groundwater resources
the resources of groundwater basins, however, could adequat
be related to the surface water catchments.

The layout of the hydrological areas was developed from the
existing system of drainage basins and river catchments and
refined for the specific purposes of the Water Master plan
investi.gations. Accordinglyr En rndex (giving locations,
code numbers, and acreages of the individuar areas) has been
established. ft serves the identification of the areas and
subareas which cover some 94r5oo k*2, i.e. the East Bank
territory, and it turned out to be an adequate base for the
comparative review of resources and demands. ft should there-
fore be maintained during the follow-up services related to
the lmplementation of the National Water Master plan. But
supplements to the rndex may well be introduced in due
course in order-to adapt it.to'new informatlon.

2.4 Water Resources

Surface Water Resources:
The limited data base and the specific objectives of a
nationwide assessment supported the decision to identify
the annual flows rather than their monthly or seasonal flow
patterns. Available hydrologi-cal records were reviewed and
used for interpretatlons as far as practicabre, freguently
combined with a theoretical approach to estimates for
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ungaged areas. Most of the recorded flows needed to be

adjusted in order to take account of present uncontrolled
flow abstractions serving various water users j-n the catch-
ment areas. Such adjustments were based on estimates developed

from information on Present water use for irrigation and

domestlc,/industrial water supply. ft was the target of these
adjustments to define the potential. annual water resources
in gaged areas, to relate the dalalto rainfall records, and

to assess characteristic relationship wh.ich could be adopted

for estimates in ungaged catctrmentS. Rainfall records proved

to be the most reliable long-term data base and were used

for a statistical d.efinition of annual rainfall in average,

dry, and wet "hydrological years". AccordinglY, the corresPon-
ding annual surface water resources in the d.ifferent areas

were estimated.

Assuming average annual rainfall conditions, the East Bank

catchments (including the Syrian area of the Yarrnouk River
Basin) would receive a rainfall volume of about 81065 MCIU.

About 75 per cent (or 6,000 McM) of ttr-is annual rainfall can

be related to Jordanian territory. The corresPonding total
annual streamflow of about 88O MCM is small compared to the
rainfall volume and characterj-stic for the particular con-
ditions of the surface water resources in Jordan. It i-s to
be noted that 4OO MCM of the annual streamflows are to be

attributed to the resources in the Yar:uouk River at Adasiya.
They originate primarily from catchments in Syria. Thus,

only some 48O IVICM can be considered aS annual resources of
the streams in Jordan, and the analyses indicate that con-
siderable parts of these flows result from grounduiater dis-
charge (baseflow) rather than from direct rainfall runoff
during the annual rainy season.No consideration lras given
to the flows in the Jordan River. Quality constraints, j-n

particular, seem to eliminate these flows frc; the resources
suitable for exploit,ation.
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The estimates of potential annual streamflow reflect thegeneral tendency of decreasing resources, when comparingthe catchments from the north to the south of Jordan.Although a n.rmber of assumptions had to be i-ntroduced forthe assessments, the results provide a realistrc pictureof the annual surface water resources. This applies par-
ff:"]:::l 

to the flow esrimates of averase_year conditi.ons.
po s s i b 1 e ;:I::,:::'ff;";;"":;. T ;:?*j;:: "". 

"o 
u.,.for certain planning aspects; they should be the subjectof future reviewsr together with a more specific interBre_

:i:;:: 
of rhe probable seasonal fluctuarions of rhe surface

Groundwater Resources :
The assessment of the groundwater resources based on waterbalances established for defined groundwater basins. Abstrac-tions owing to groundwater exploitationr ds well as ground_water recharge components and underground f10ws itere takeninto account through either recorded data or estimates.Parti.curar attenti-on was paid to a rearisti.c !-nterpretationof the relationship between groundwater exproitation andbasefl0w discharge in the river courses, in order to identifythese two resources separately.

rn line with the pbjective.s of the"investigations, theassessment ai-med at the determination of such groundwaterresources which seem to be exploitabre with reasonablemeans. Generally acceptable criteria were therefore appliedin this first approach, in order to define reasonablel'mitations in the resources which can be considered asavai-1ab1e. ?hese criterla, of courser Br€ not necessarilyapplicable to arl types of projects and water users whichenvisagre the exploitation of groundwater resources. Thevarious specific aspects would have ro be ;;;;;"."udecided individualry for the detailed layout of each ground_water supply scheme. such considerations exceeded the scopeof a:': ovci'al-L-assessment of the n.ll-6hli -.r
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According to the definitions and crit'eria introduced

during the investigations, and based on the review of
present and potential exploitatj-on constraints (water

quality, accessibility) I the determination of the resources

in the various areas distinguishes:

-"available annual groundwater resources" as the

volLmeofgroundwaterwhichisrecommendedfor
exploitationatdefinedlocations,andlocally
.characterized by certaln constraints; (to a large

extent this volume corresponds to the difference
between the average total annual groundwater recharge

and the average annual surface baseflow discharge of
the area); and

-"available groundwater storage" as the esti:nated

explo.itable volume of groundwater retained in the

areainaquifersdowntoadepthofl5ombelow
ground surface.

The estimated volurnes of these resources have been rel-ated

to the d.efined areas. They indicate the regional distri-
bution of the groundwater resources, and atltong the number

of map presentations information has been compiled' also

regarding

areas of Present an^d Botential .:
groundwater exPloitation
areas proposed for
groundwat,er Protection

- areas with restrictions for
gro undwater exPloitation

on the average, from the total amount of annual ground-

water recharge in East .lordan of about 58O Mg;:, some

22O MCM seem to be availabl-e as annual groundwater re-
sources, in addition to the streamflow and the stored

qroundwater. The volume of stored groundwater is estimated
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to be in the order of about 12,OOO MCM. Locally, waterretai'ned in depths greater than 150 m berow ground mayprove to be expl0itable additionally for speciflc purposes.surveys should be related to particular project studiesin due course.

The estimates on present and future groundwater resourcestake account of probabre exploitatton effects, partrcularly' as far as mi-ning of stored groundwater and the lnte*elationwlth groundwater f10w and surface $rater basefl.w are con_cerned

2.5

Because of the reasons mentioned earli.er, the integratedapproach to rhe prepararion of rhe Naci;;J-;";., ,.".",Plan included an analysrs and tentatlve interpretation ofthe present and potential socio-econornic and regionalstructure of the country. These studles did not attemptto determi.ne regional development plans. It was thelrmain objective to outline some of ifl. most slgnlficantdevelopment aspects at regional leveL, and to provlde back_ground lnformation with regard to water demand projectionsand development priorities. Thus, data have U".r, establLshedwhich indlcate the potential devel0pment of the populationnumbers in the varlous areas dellneated for the purposesof the water Master pran, and trirreu indlcate potentiarcentres of future sectoral development.

The flndlngs and projectlons, of course, need to be revlewed1n due course, partlcurarly wlth regard to the deveropmenttrends of populatlon numbers and their conseguences on thedemand of potable water supply in the various areas. Theymay further form a base for the formulati.on ef cfflciarreglonal deveropment prans in coordination wttlr. the waterresources arl0cation programmes of the Natl0nar waterMaster plan.
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Populatlon Developrnent :

Available data sources were the Agrieultural Census of
1975 and the 1961 Census of Population. The lnformation
was not ful1y conclusive. A number of adjustments became

necessary to prepare a consistent data base related to the
areas defined for the Water Master Plan, and to estimate
realistic projectlons.

The present (1975) population nurnber of Jord,an ls ln the
o:cder of 1r95OrOOO inhabitants. About lrIOOrOOO people live
in the Amman Governorate, including the Amman Sub-District
with some 6851000 inhabitants. The hearry concentratlon of
the population in the greater Amman-Zarqa area ls obvious.

The projected populatlon nurnbers for 1985 base on an annual
growth rate of 3.5 per cent as ceillng for the total popu-
lation of Jordan. A detalled review of conseguences resul-
tlng from growth rates which had been envisaged for individual
areas like Amman, Irbld, Jordan Va11ey, showed considerable
discrepancies and deviations from the projected, overall-
population growth. Reasonable adjustments were therefore
lntroduced i-n order to obtain consistent and reallstic
projections for the dlfferent areas of the country. Thus,
individual growth rates for the population development were
estlmated and applled for each area. lhey range between
7 per cent (Jordan va!.=gy) and 4 - .5 per cent (Zarqa/trbld/
Amman Municipallties) annually ln the major development
centres, and they go down to rates of less than one per
cent (and negative grovrth rates even) ln other areas.

A simllar approach was made to long-term projections of the
population number (year 2OOO). The population is expected
to lncrease to about 2,74OrOOO persons ln 1985, and to
about 4,445rOOO persons in the Year 2OOO. The Ei:cater
Amman-Zarqa area w111 remain the maln population centre
in Jordan; more than 50 per cent of the total population
will presumably remaln ln this area. The data on present
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and projected population numbers formed a
information for the assessment of potable
reguj.rements.

background
water supply

Socio-Economic and Regional Development:
Based on availabre data sources, the investigations of the
population development vrere supplemented by an analysis
regarding the present (1975/7G) situation of

- 'the agricultural producti-on and its regional
distributi-on;
the industrial production and its regional
distribution,
the technical infrastructure (transport system,
electric power supply) ;

the sociar infrastructure (educational and health
services); and
the adminstrative system and services.

The interpretation of the results allowed a tentative
delineation and assessment of existing socio-economic regions
and regionar structures in Jordan. Accordingly, some outrines
on the regi-onal deveropment trends and potentials were formu-
lated, considering "harmonic socio-econom:Lc d.evelopment,, as
the primary 

-l.g!g-term deveropnient objective, in rine with
the main target of the current Fi.ve year p1an. The outrines
on trend and potenLials refer to the key-sectors agriculture,
mining and manufacturing industry, and services. rt is to be
noted, that Lhe socio-economic regions do not coincide with
existing administrative units or the hydrorogical areas
which were selected for the purposes of water resources
planning. The reasons are obvious. Regional development prans
as definite basic guidelines for water demand projections
and water resources devel0pment do not exist as yet. projec-
tions were therefore primarily based on other development
Progranmes and prans. The review of socio-economic trends
and the tenr-atr-ve cel-ineation of regions may be consioered
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decisions regarding the allocation of the water resources
and the pri_ority of proj ects .

Priority of Development projects:
The formulation of strategies for the allocation of the
water resources can be confronted with the problem to setpriorities for the use of water if the avairabre resources
are limited- Tentatively, the "benefit-varue analysi-s,, has
been introduced as a suitable method to faci-litate decisions
c6ncerning the ranking of water use. rt allows a comparative
evaluation of the relative utility of project and water usealternatives in reration to the target objectives of regi-onal
and nati-onal devel0pment- rt applies a goal system and
measurable attributes which indicate the relative importance
of the various goals and socio-economic aspects. Accord,ingIy,
tests have been made for a number of selected economic de-
velopment projectsr &nd for projects related to domestic
water supply- The particular priority of.potable water supply
was taken into account.

The comparative review area-wise of the availabre water re_
sources and the projected water demands did not reveal par_
ticular problems which would have required to decide onpriorities already- The allocation of the water resources,
suggested in the present documentationr. however, may notent're'y meet with the policies considdred by the Government.
The "benefit-vaIue analysis,, could, then be adopted for final
conclusions regarding specific projects and water allocationplans- rt will also serve future reviews of the pran, whenthe goar system and measurable attributes have been refinedwith more detailed data and information.

water use and water demand in Jordan result dominantly fromthe requJ-rements of domestic and industrial water supply
and from irrigated agriculture. Consideration of hydropower

il

il

I

2.6
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potentials is of secondary importance, and aspects rerated
to vrater use fcr navigation do not exist. Long-term plans,
however, will have to take account of the maintenance of
acequate water quarity and minimum flows in river courses of
areas which require particular standards of environmental
protection. A similar approach will certainry have to be
made regarding frood protection measures as part of water
resources devel0pment projects. At present, specific overarl-
outlines on flood protection requirements cannot be defined
from the avaitable information.

Domestic/fndustrial Water Supply:
At present (1975 situation), the annual water production -
primarily from groundwater resources- for the water supply
of conu-nuniLies and industries is in the orcer of 46 l4ci.I.
Related to the population nurnber, ihj-s figure proves the
considerable deficiencies, particurarly in the existing
systems for dcnestic wat'er supply. Assuming proper water
suppry conditions, the potential present water demand woulti
require a water production of about BZ Nlc[/year.

The data computed for the indi-viduar areas demonstrate the
regional distribution of the present domestic and communal
water use and potentj-al demand. rndustries with independent
water supply were considered separately. corresponding to
the pattern o{.t!re popu.lation density, the Amman-Zarqa area
requlres about 60 per cent of the annuar water production.
the supply gaps in most of the areas are obvious and have
been identified as objectives of major concern for the
arlocation of water resouices and for the implementation of
water supply projects.

ri

The investigations regarding water demand projections paid
particurar attention to a realisti-c assessmer^'- o-f unit
demand figures covering gomestic wat,er use, water require-
ments for commerce and smalr rndustries, and arlowances
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for water losses in the water distribution systems. Such

unit demand figures (representing the overall-demand of
water per day and head of population) were estimateC for
specified types of communities, ranging from large cities
down to viLlages. The projectj-ons which differ considerably
from the data of the present water use, assume that adequate

standards of domestic water supply should gradually be

achieved in future water supply schemes throughout the country.
In the Year 2OOO, such water supply schemes should serve
about 95 per cent of the population.

Separate projections were made for the water requirements
resulting from the implementation of industrial development
projeet,s wj-th own water supply facilities. The data have

been based on available information or estimates.

Accordingly, the projected annual water demand was cornputed

and mapped for the defined areas. The particular future
<iemand centres are obvious and indieate the importance of
a well-coordinated water resources strategy which aliows
to satisfy the domestic water supply i.n first priority.
The total water demand for domestic and industrial purposes

in 1985 is estimated to be in the order of about 19O MCM/year,

and will most likeIy increase to about 3OO MCM in the Year

2OOO. Compared to the estimated present annual water use

of about 46 MCIvl, thesp. projections might be considered as

too ambitious. They should, however, be taken into account
as targets, and they reflect the present low standard of
the domestic water supply.

Domestic and industrial water supply is closely related. to
a control of water quality and water pollution. Existing
j-nformatj-on on the quality of groundwater was therefore
evaluated and interpreted withj-n the assessme;'; of the
groundwater resources. Data .on the quality of the stream-
flows are scarce and stilI inconsistent, but they indicate
the particular pollution hazards resulting from uncontrolled
wast.e water iischarges and waste Ceposits aLonE the river
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courses at major communities and industrial centres. At
present, apart from initial operations j-n Amman, there is
hardly any treatment of sewage. The. projections, however,

assume the implementation and further extension of existing
plans for the operati-on of sewage treatment plants. Return-

flows of treated sewage contribute significantly to the
very necessary maintenance of acceptable water quality in
the river courses, and they are to be considered as poten-

tial future water sources in addition to the natural anniral

water resources. Accordingly, estimates of such return-
flows in certain individual areas were j-ncorporated into the

projections. They envisage that large communitles and in-
dustries will eventually avail of fu1l-sca1e sewerage systeu

and treatment facilitles. Applicable standards and recommen-

dations for follow-up works, wtlich should help to establish
urgently policies and procedures for the control of water
quality and water pollution, have been formulated in the
present documentation.

frrigation Water Supply:
The development of water resources for irrigated agriculture,
as a basj-c component of Jordanrs economy, is given a high
rating. Present irigation schemes - both Public and private
are scattered throughout the country and cover a total area

of about 336.,0_00 donums (or .33,600 hectares). The average

annual water use is in the order of 4O5 MCM. Most of this
volume (approx. 23O MCM) is taken f rom river flows; 1OO MC'l

are pumped from groundwater resources, and some 75 MCM

originate from spring flow diversions. These data are based

on estimates to a large extent. Availab1e background infor-
mation and records are incomplete or inconsistent. The

results of the assessment, nevertheless seem to provide a

realistic picture of the present water use for irrigation
in the individual areas, and of the deficiencies in most of

the existing schemes.
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Projections regard.ing future water demand for j-rrigation
were maCe under consideration of plans and programmes

formulated by tlr-e Government. The Projections envisage an

extension of irrigated areas as well as J:nprovements in
technical means, cropping Patterns, and irrigation practices.
Thus, data of medium-term Projections have been established.
They assume that public irrigation schemes in 1985 vrill
cover about 471,OOO donums (i.e. 47 r1OO hectares) , in add'ition
to about 112,5OO donums (i.e. 11,25O hectares) under private
schemes. Compared to the present situation, the area of irri-
gated lands would be extended by about 75 per cent. Accor-

dingly, the averagle annual water demand is estimated to
require a water production of about 73O MCM. In iline with
the projections and adopted assumptions, 455 MCM would have

to be diverted from river flows and about 2OO MCM to be

pumped from groundwater resources, while springflow diversions
for obvious reasons would remain in the present order of
about 75 MGU. Some 35O I"ICM of the average annual demand of
irrigation water result from the development programmes for
irrigated agriculture in the Jordan Val1ey.

The formulation of specific 1ong-term water demand projec-
tions for irrigation was not considered reasonable. Develop-
ments going beyond the 1985 - projections depend on exploi-
table water resources and related econom+c aspects rather
than on available land teSources-. ft appears at present
that no significant extensions of areas and water supply
can be expected after 1985. This will apply primarily to
the major centres of irrigated agriculture like Jordan

Va1ley and the Southern Ghors, which depend on the available
surface water resources. Individual small-scale schemes based

on exploitation of groundwater resources in desert or high-
Iand areas maY, howeverr proVe to 6e feasible for additional
long-term development programmes. Realistic long-term pro-
jections should therefore preferably be established in
accordance with the water allocation policies which will
finatly be determined by the Government and which will take
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account of the available resources and the pri-orities
attributed to adequate domestic water supply.

As mentioned earlier, the data base for the assessment of
the present water use for irrj-gation was insufficient. A

theoretical approach, including a number of assumptions,
had to be adopted, and a computer programme was prepared
to facilitate the computation of the estimated water use

in the individual projects and. study areas. The results
show the sources of the irrigation water supply, and the
annual volumes of water, related to conditions of years
with average and low rainfa1l. Because of the insufficient
data base and consi-Cering the objectives of the overall-
review for the purposes of the National Water Master Plan,
no atternpts were nnade to identify the seasonal or monthly
variations of the irrigation vrater supply in the diffe:rent
areas. They should be the-subject of specific studies for
t,he detailed la1,6*a of schemes and water management works.

With modified input data, the computer programme was

applied also for the computatj-on of the medium-term water
demand projections. The results regarding the sources of
irrigation water were reconsidered and adjusted during
the subsequent comparatS-ve review of the resources and

demands in the various areas. Thg computer programme,

nevertheless, p'ioved to be .rr'ait.q,rate base for the pro-
jections. It can be refined and adapted to improved infor-
mation and thus serve all the future reviews of the present
documentation.

Water Use for Other Purposes:
At present, there is no significant use of water for
purposes other than domestic/industrial water supply and

irrigation. A few small-scale hydro-power ins'-:Llations
(e.9. at Wadi Jurum) do not affect the availability of
the loca1 surface water resources.
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According to the presenl plans and progralnmes' this

situationj.snotlikelytochangeinfuture.Thehyd'ro-
power plants envisaged at the King Talal Dam (Zarqa niver)

and at the projected Maqarin Reservoir (Yarmouk River)

willPresumablybeoperatedincoordinationwiththe
priorities and water requirements of irrigation and do-

mesticwatersupplyschemes.Thesamewillcertainlybe
taken into account for other plants which may be Projected

in combination with the future construction of reservoirs'

Thbrefore,aparticularconsiderationofpotentialwater
demancs for power generation is not necessary; the opera-

tional progralnmes of hyd'ro-Power plants' however' should

finally correspond to the water resources. allocation policies

established bY the Government'

Some attention may have to be paid to an assessment of

thefuturewaterrequirementsrelatedtothemaintenance
of mirimum river flows in certain areas' Aspects of

environmental and water quality control may ask to determine

such requi-rements during the coming years and to arrange

for the relevant water managrement strategies and measures '
Presentdataandinformationdonotyetallowareasonable
interpreta.'ion;mostlikely,theZarqaRiverbetweenAmman
and. the King Ta1al Reservoir will have to be considered

with some PrioritY
.*.

2.7 Summarv

igased, on the data evaluation, the average annual surface

water resources in Jordan (East Bank) seem to be in the

order of 88o l'1cl\,1. They include Some 4oo MCM as average

annual flow of the Yarmouk River at Adasiya' Additionally'
some 22O I1GU seem tO be aVailable as annual groundwater

resources; exploitable groundwater resources stored in

aquifers al} over the country appear to exce.ed a volume

of 12,OOO i1CM.



Compared to these resources, the assessment of the

present water use and. the Projected future water demand

in Jordan outlined the following main annual requirements:
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Domestic and
fndustr. SuPPIY

(I4c!'l)

Irrigation
(MCM)

Tota1

(l,lCM)

Present Use

Demand. 1 985

oeinand 2OOO

46

190

300

405

730
(8oo)

451

92A

('l 100)

The overall-figures indicate that the resources are not

fully exploited at present, and that the projected long-

term demand could be covered by the annual resources ' The

figures, however, cannot serve final conclusions. The

exploitable resources are not necessarily located in or

near the areas of partieuldr demand centres. The allocation
and management of the water resources in order to satisfy

the potential r.gater demand throughout the country will

therefore depend. to a large extent on technical and econoraic

aspects related to the implementation of water resources

projects.

This suggested to extend the investigations to a comparative

regional review pf- resources and. demand, based on the data

established for each of the individ'ual study areas ' Thus '
the effects of the regional distributj-on of water resources

and water demand were identified more specifically' The

results of the analyses enabled to delineate areas with
particular problems or conflicting interests regarding the

allocation of water resources, as well as areas with a

surplus of water resources.
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3. Regional Balances of Resources and Demand

3.1 Balance Areas

For the regional review of the present utilizati-on and

the potentj-al allocation of the water resources, 1 5 "balance
areas" have. been distinguished:

I Yarmouk Area
' If Jordan Valley

Iff Northern Rift.side Wadis of the Jordan River
Mouthern Riftside Wadis of the Jordan River
V Zarqa River Basin
VI Dead Sea Riftside Wadis
VIf Mujib River Basin
VfIl Wadi Hasa Basin
IX 9fadi Araba North
X Wadi Araba South,/wadi Yutum
Xf Southern Desert Area/Qa Disi
Xff Jafr Basin
XffI Wadi Sirhan Basin
XMzraq Basin
XV Wadi Hammad Basin

The delineation of these areas was guided..primarily by
the defined surface catclm6nts and groundwater basins,
to some extent also by aspects of the present water manage-
ment and water resources development (e.9. areas supplying
water into the Jordan Valley).

The "balance areas" are composed of hydrological subareas
with similar characteristics and form units of adequate
size. A satisfactory coordj-nation with the tentative
"socio-economic regions" could not be achieved for various
reasons; the findings of the socj-o-economic data interpre-
tation, however, were taken into account as far as practicable
durinq the review of the balances.

/
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3.2 Determination of Area Balances

The "area ba'l.ances" do not represent hydrological balances;

they rather compare the water resources and' the water demand

in the delineated "balance areas'r'

Basically, averagie-year conditions have been considered'

This corresponds to the approach adopted' for the Preparation
of the National Water l,lasLer Plan. Demand data of defined

dry and wet years do not differ significantly from those

of average years, and th.e data on water resources as yet

do not provide a sufficient base for a specific d'ifferen-
tiation of d.ry and wet year balances in all the areas ' such

detailed analyses are the subject of individual Project
studies t e.g. in connection with a survey of the potential

effects of "over-year" storage in reservoirs in order to

comPensate variations of the annual flows'

For each balance area, the estimated quantities of water

resources and water use/demand have been comPiled in form

of 1ists. They separate the present situation and the con-

ditions envisaged in line wit'h the medium-term and long-term

development projections. The direct comparison'of the annual

quantitj-es of resources and water use,/demand' identlfies
areas whj-chr 3S far as their resoufces are concerned, are

basj-ca1ly to be 6onliaered as surplus or as deficit areas '
More important, however, is the subsequent analysis regarding

the utilization of the water resources. It shows for each

area the extent of the present or potentiatr future use of
water, satisfying the requirements in the area itself or
in adjacent areas.

It is to be noted
potential surface
are primarilY the
treatment plants.
the annual natural

that the area balances take account of
returnflows. As outlined earlj-er, these

estimated future effluent from sewage

They constitute supplementary sources to
water resources.
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3' 3 fnterpretation of the Area Balances

E reser:t S:-'-uation:
llthough many of the data concerning water use and water

r.esources originate from estimates, the results of the
b.alance conputations apPear to reflect the Present situ-
etion with reasonable accuracy. They also provide a very
lnstructive picture of the present technical water transfers
tetween various areas. Not all of the existing water suPPly

Syster.ls seem to make the best use of the available water

t'esources.

The Yarmouk Area (Area I) definitely is the most important
region of pot,ential water resources for Jordan. Considering
r.ights of other water users in Syria and the Yarnrouk Triangle
and the estimated present diversion of irrigation water'for
the Jordan Valley, on the average some 2OO MCM of annual

eurface flows are stiIl available for exploitation. As re-
gards the :ights of water users outsid,e Jordanr rlo final
lnformatiorr is available as yet. These water rights, however,

seem to be applicable only in case of a future storage of
the Yarmouk flows.

Ihe situation in the Jordan Valley (Area II) is completely
cifferent. Apart from some 12 MCl,l of groundwater with
acceptable quality, the^.water resources 'cif the Val1ey

region are not suitable for exploitation. The i-rrigation
schemes, covering about 17,3OO hectares of agricultural
Jands in the valley, depend almost entirely on water
iivert,eC from the adjacent areas (Yarmouk Basin, Riftside
h'adis, and Zarqa River Basin). Practically, all the present
hater use in the Jordan Va1ley is related to irrigation.
I'he estirna:es of annual quantities range between 135 I"ICM

end iE5 MC:.l, because there are no reliable arr.l conelusive
iata sources of the present actual water use. A comparison
of divursior data and estimated use of irrigation water
i ndic.rtes :hat locally excess water is being discharged
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through the sehemes irto the Jordan River. This observation
results also from operational records of the ziqlab-Reservoir,
and from statements of staff in charge of the irrigation
services- A detailed identification of the actual figures
of the present water use in the Jordan valley, however, i_s
not consi.dered to be so much important. The estimates out_
rine the prevailing conditions and tendencies adequatery;
the Jordan varrey will remain a region which depends on
the water resources of neighbouring areas, but a fipre
effective management of these resources will have to be
achi-eved in future.

The area balances of the Northern Riftside ?fadis (Area rrr)
show a considerable surplus of water resources. on the
average, some 40 McM annually could be exploited, in addition
to the estimated present water use. The surplus of water
resources in the Southern Riftside Wadis (Area IV) is smal1.
considerable quantities of the available surface and ground-
water f lows serve water users i-n the ver? area. The balance
computations are not furry conclusive wi-th regard to the
estimated surface resources and di-versions of the wad,i shueib
and wadi Kafrein catchment; the records of the existing
reservoirs do not a110w a proper evaluatlon. The operational
constrai-nts of the reserrroirs are known. rt appears, how-
ever, that surface'frows not used at present (approx. g MCM)
are primarily origin_ating from 'unco.irtrolled floods. Addi-
tionally, some o McM have been estimated as unused, ground-
water flow.

The comparative review identifies the zarga River Basin
(Area v) as a region which requires particurar attention.
The greater Amman-zarqa area is the centre of domesti-c
and industrial water use in Jordan. The balance computations
lndj-cate that apart from flood flows the avail;b1c annuar
water resources are used to a large extent throughout the
river basin. Localry (wadi Dhuleil area), the water pro-
duction results from a considerable rnining of stored
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groundlrater resources. Although some 62 MCM of annual

surface and groundwater flows, in addition to more than
1r8OO I,,ICM of stored groundwater, could still be exploited,
the findings of the balance computations give reason to
certain concern. the present water use for municipal water
supply does not meet with acceptable standards. Any im-
provements or future extensions should first draw on the
development of the present surplus resources. The recently
completed King Talal Reservoir started to control the
unused surface flow at the lower course of the Zarqa river.
This is a great advantage for the managrement of the 'resources,

the flood, flows in particular.

The area balance of the Dead, Sea Riftside Wadis (erea t:)
outlines the northern catchments (north of the Wadi llujib
gorge) as a reEion with a considerable surplus of suitable
water resources. These are dominantly baseflows originating
from springs and d,ischarge of groundwater. The present water
use in the area is small compared to the resources. In the
southern subareas the si.tuation is very much different.
There is a significant water use in irrigation areas. They

are estimated to consume some 30 MCll of the annual surface
water resources. Groundwater is hardly bei.ng exploited.

The Wadi Mujib Basin (Area VII) j-s a maiol "surplus area".
Less than 1O MCM are at.present exploited for Purposes of
domestic water supply and irrigation, while the average
annual surface water flow is estimated to be in the order
of 78 ITICM, ln addition to considerable groundwater resources
which lnclude more than 1,1OO MCM of groundwater stored in
the region. The rather llrnited present water use is caused

by constraints in the access to the water. The average
perennial baseflows of about 4 1 MCM are available along
the' lower courses of the Wadl l{ujib and Wadi 

"tLa/Uaidan,where the topographic conditlons do noL a11ow an extensive
irrigation development. The balance computations are affected
to some extent by the interrelationshiP between groundwater
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flow and baseflow in the wad.is, and by the unj-dentified
extent of actual groundwater mining. Nevertheless, it can

be assumed that on the average some 75 MCM of annual surfac'

flows (including about 37 MCM of sPoradic floods) are not
yet used, and that available groundwater resources in the

order of 1 5 MCM annually could be exploited in th.e area,

in ad.dition to a further mining of stored grcundwater.

The interpretation of the area balance determined for the

Wadi Hasa Basin (Area VIII) allows a conclusion similar
to that drawn for Area VII. The estimated annual water

resources compared to their present utilization indicate
that more than 30 MCM are stiIl available for development

and annual use. Further, almost 1 t?OO MCM seem to be stored
as explcit,able grou::dwater in the uPper Wadi Hasa Basin.

In the southern and eastern regions of the countryr anY

further water resources development will depend on the
potentials of an exPloitation of stored groundwater rather
than on those of annual water resources which at Present
are not used. The area balances indicate, that limitations
in the present use of the available resources result primarily
from technical and operational problems related to access

and control of the water. Additionally, economic aspects

are involved. The area balances, however, also indicate that
regions with limi'ted wate.r resour'ces have made use of these

resources aS far as possible. These observations have to be

taken into account. Water resources which are estimated as

available for further use in the various balance areas, are

not necessarily exploitable with reasonable technical and

economic means. The final identification will have to become

the subject of detailed surveys and studies in the areas

of particular interest.
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Projection 1985:
The projected water demand data compiled in accordance

with the delj-neated balance areas identify three main demand

centres:

the JorCan Valley with a projected annual water demand

of about 360 MCM, primarily for irigation purPoses i
the greater Amman-Zarqa area with a Projected municipalr/
industrial water demand of about 1oo McM Per year; and

-.the region of the Southern Ghors with a projected annual

irrj-gation and industrial water demand of about 85 I'ICM.

Further, the projected j-ncrease of municipal water d.emand

in the northern population centres is to be taken into
account. Some 28 MCM per year will have to be Produced and

distribut,eC in order to provlde adeguate domestic water
supply for these communities. A slgnificant increase of
annual water demand (about 11 MCM) is also to be satisfied
in the Aqaba area. All other demand projections are less
signifj-cant or related to exi-sting plans which envisage
the exploitation of specific 1ocal water resources.

According to the approach applied for the assessment of
the natural water resources, most of the estimated data
regarding average-year conditions seem to remain valid
for the consideration of.th€ projected araa balances. This
conclusion was drawn after an assessment of the possible
implicati-ons resulting from the present water use and

particularly from the exploitation of groundwater resources.
Among other areas, the conditj-ons to be expected in the
Zarqa River Basin were reviewed.

fn the northern regions of Jordan, the Jordan Val1ey
(Area II) remains the dominant centre of wate. demand.

Some 353 i'lCM will have to be supplied to meet the projected
irrigation requirements in line with the medium-term develop-
ment plans covering the irrigation of about 33,2OO hectares.
For dornes:ic water supplyr dn annual demand of 3 MCM has
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been envisaged. compared to these demand projections, the
suitabre water resources of the very valrey region are
practically negligible but increasing water rogging probrems
will nevertheless arise and require the implementation of
specific drainage works to control the groundwater tables.

The Yarmouk Area (Area r) remains the main source of water
suppry for the northern regions of Jordan. water demand
projections related to the area itself show increased
annual water reguj-rements for municipal water supply (g MCM
compared to about 2.3 McM.at present), but no changes are
envisaged with regard to the water use i-n the existing
irri-gation areas of the Mafraq-Ramtha region. The plans for
the development of some z,zoa hectares of irrigated lands
arong the southern banks of the rower yarmouk rivercourse
are to be considered separately. They are part of the
stage rr - Jordan valley Development project. The projected
annual water demand of about 1g McM is.therefore to be seen
together wi-th the projected operation of the Maqari.n Reser-
voir.

Provided the Maqarin Rese*roir is completed in 19g5, on the
average an annuar surface f10w of 273 Mcl,l will be controrled
at that site. use can further be made of about 55 MCM of
average annual basefl0w (at Adasivl) originating from yarmouk
catchments downstream from.the Magd.rin site. The esti-mated
average annual f lood f lows ( 22 [,ICM) of the lower catcfrment
(including the Wadi Raqgad area) ao not seem to be exploitable
i-n 1985- As regards the groundwater resources, the exploi-
tation projected for 1985 j-ndicates a surplus of available
annual groundwater frow (approx. g-10 McM), in addition
to the considerable quantities stored in the area. The area
resources exceed by far the water demand of the area. The
allocati'on of the surprus resources r-s theretore to be
coordinated with existing project plans and the area balances
of the adjacent regions. Alrowances for syrian water rights



(assumed as 5 Per cent of
Maqarin Reservoir) and for
Yarmouk Triangle are to be

33

the surface flows stored in the

irrigation PurPoses in the

taken into account.

TheprojectedareabalancesoftheNorthernandSouthern
Riftside Wadis (Areas III and fV) ind'icate a surplus of

resources, although there is a signj-ficant increase of

municipalwaterdemandintheareas.Measuresforcontrol
of water pollution will become important here'

Por the Zarqa River Basin (Area V) , t'he comparison of

resources and projected water demand confirms the particular

problemstobeexpectedinthegreaterAmman.Zarqaarea.

This overall-review
.lf Jordan suggested
under consideration

the situation
allocation of
the following

in the northern regions
the water resources
aspects and, Plans:

of
an

of

the projected water d'emand of the Jord'an Va1ley to a

Iargeextentisrelatedtothecomplet'ionandoperation
of the Maqarin Reservoir;
appropriate water supply conditions are to be achieved

for the communities of the northern population centres

(including the Jarash region) i

the water resources of the Zarqa River Basin should

primarily serve the water requirements in the verY areai

r:he projected water dernan'd of Afea IV (S'6uthern Riftside

Wadis)shouldbegivenpriorityintheallocationofthe
area water resources.

.tne suggested arrangement of an integrated "northern central

siystem" for municipal water supply is supported by existing

project plans. It is thought reasonable to extend the present

pipelineSystemspracticallylntoallthenorcnerncommuni-
ties,andto1ncIudeaIsothoSeofJarashregion.Such
scheme, howeverr is to be based on an economic exploitation
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of reliable wat.er resources. The resources which serve

u-re.: dr-rirrestic water SupPly at present cannot satj-sfy the

L: iected d,emand. Therefore, in line with plans formulated

hv fl.e (;overnment, use should in first priority be made

uf Lire Yarmouk water resources. The all0cation is to be

q4len also in the light of the projected demand in the

Ye;rr 2OOO. The domestic water supply should not be curtailed
for the benefit of other water use. It 1s to be noted that
the incorporation of most of the population centres of
Aiea IfI (Northern Riftsid.e Wadis) into the "northern
central System" will save considerable quantlties -of the

loca1 resources. These are exploitable for irrigation pur-

poses in the Jordan Valley. A future elimination of the

present water use for irrigation j-n Area III is not con-

si.dered reasonable. The existj-ng private irrigati.on schemes

should be maintained for reasons of regional development'

The water used there would not contribute significantly to

the resources which are to be conveyed into the irrigation
areas of the Jordan ValIeY.

As outlined in the area balance of the Yarmouk Area (Area I)
it seems to be appropriate to allocate 275 I'ICM of the
yarmouk resources for the Jordan Valley irrigation Schemes'

55 MCM would result from diversion of baseflow at Adasiya,

and 22O MCM (includ.ing 19 MCM for t.he Projected water demand

of the irrigatiot'.i"." at'the lower Yarmouk) would, have

to be released from the water stored in the Maqarin Reservoir'

The projected annual water demand of the communities en-

visaged to be covered by the "northern central water supply

system" is estj-mated in the order of 24 MCM. It is assumed

that the Summayya well fields operated by the Water Supply

cooperation at presentr oE other new well fields in the

Ramtlta-Mafraq area, can be extended to an annual ground-

water productlon of about 2 MCM, by 1985. The balance of

22 l4CM represents the quantity to be allocated from the

Yarmouk flow at Maqarin. No further import of water resources
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from Azraq and Dhuleil (at present about 3.5 !'lCM per year)

is planned under these conditions; it is nevertheless to
be continued in near future until the suggested new lay-
out is operational.

The projected, area balance of Area r leaves 31 MCM at,

Maqarin to serve rights and. purposes of other water users.
This figure as well as the other figures related to the

allocati-on of the tlaqarin Reservoi-r resources base on Lhe

assumed average-year conditions. The potentials resulting
from "Over-year" Stgrage were ngt taken intO aCCOunt aS

yet. The final project studies may eventually justify
higher figures regarding diversions into the Jordan Valley.
Basically, however, the allocation Programme Seems to make

reasonable use of the available resources. The limited
Surplus of groundwater resources (including some 5OO I'ICM

of stored groundwater) is not considered, a significant
base of further extensive d,evelopment in the area; but the
uncontrorled' annual flood flows (about 72 McM) of the rower

Yarmouk and Wad,i Raqqad are to be seen as a potential long-
term supplementary resource for the Jordan Va1ley, provided
they could be retained in a reservoir.

The area balance of the Northern Riftside Wadis (Area III)
shows that approximately 66 MCM of the available water
resources can be diverted-for use in theiJordan Valley
(Area II). Ihis should be achieved through a coordinated
water managiement, incorporating the operation of the pro-
jected Wadi Arab Reservoir and the Ziqlab Reservoir, an

exploitation of available baseflcrws, and local}y also the
implementation of small flood retention basins. The Pro-
jections assume further the exploi-tation of groundwater

flow (about 7 MCM) at the foothill areas. only some 8 MCM

of the groundwater and surface flows were estrmated to
remain unused because of technical and economic reasons.

Based on the available information and an assessment of
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the locaI condltions, the assumed allocation progranme
appears to be realistic. rt ls, of course, to be reviewed
in connection with the relevant findings of future detailed
and specific surveys in the area.

The projections regarding the municipal water supply in
Area rrr envi-sage the najority of the communities to be
served through the "northern central system,'. Accordingly,
14,4 MCM of the total estimated domestic water demand wirt
be satisfied from the yarmouk resources, while 2.g McM
will be produced in the area itself for individual water
supply schemes of communiti-es located i.n the lower reaches
of the ri-ftside catchments. The increased demand of do-
mestic water suppry, combined with the plans to establish
seweragre systems and treatment plants, is 1ikeIy to yield
significant sewage returnflows. The importance of adequate
treatment for control of water pollution is obvious.
By 1985, such returnflows in the order of 3 MCM may be
expected from the rrbid area. controlled through the wadi
Arab Reservoir, they could contribute to the suppry of
irrigation water, Lf they were not reused in the rrbid
area itself.

The area balance prepared for the southern Riftside wadis
(Area rv) takes account of the priority of domestic andj-ndustrial water iup_ply, but by 19.g5 the present transfer
of water (from wadi-es-sir) i-nto Lhe water supply system
of Amman shourd no longer be mai-ntained. The avai-lable re:
sources should serve primarily the demand in the area.
sewage returnflows are consid.ered to be negrigible, although
important with regard to pollution contror. water use for
irrigation purposes i.n Area rv is not envisaged to increase
signi'ficantly, comPared to the present situation. Accordinglyl
assuming that improved operation of the shueil arrd Kafrein
Reservoirs wourd be achieved in 19g5, about 13 MCM of
groundwater and surface flow have been estimated as available
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to irrigation and/or domestic water supply schemes in the
Jordan Valley. This allocation prograrnme corresponds to
a large extent to existing schemes and plans and appears
to nake full use of the resources. As far as the estimated
data regarding the resources are concerned, however, the
background inforraation showed a nurnber of discrepancies,
whj-ch should, become the subject of specific surveys and
studies in the near future.

The balances establj-shed for the Areas I, flf and IV provide
for annual water transfers into the Jordan Va11ey (Area II)
in the order of 336 I',ICM. This volume and the estimated.
suj.table groundwater resources (about 12 !,ICM) in the vaIley
area itself stand against the projected water demand of
356 MCM for irrigation and domestic water supply in the
Jordan Va1ley. Provlded the development plans and the en-
visaged irrigation efficlencies can be realized, the annual
supply gap of about 8 MCM will have to be filIed through
water resources transferred from the Zatqa River Basin.
The water requirements after the implementation of the
irrigation schemes may exceed the projected demand figures;
if SOr temporary and 1ocal adaptations regarding cropping
and irrigati-on intensitles may become necessary. It ls
unlikely that considerable supplementary water resources
can be made available to the vaIIey region.

These aspects r"ftected ,r,ao tfr" .orr=ia"r.tiorr" regarding
the projected area balance of the Zarqq Ri-ver Basin (Area V).
The particular situation of the present and presumably
also future groundwater exploitation in the Wadi Dhuleil
area suggested a separate analysis of the conditions expected
there. The continued large groundwater production for the
irrigation schemes in the Dhu1eil region wilI deplete the
stored groundwater resources and may eventuarry be affected
by technical and economic constraints. This appears to
apply also to the Dhuleil well field presently operated by
the Water Supp1y Corporation for purposes of domestic water
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supply in the northern communities around rrbid. The
resources are not reliable for extended development and
therefore not taken into account in the projected water
allocation for the proposed "northern centrar water supply
system". The expected continued depletion of the ground-
water resources, however, is not likery to cause a signifi-
cant reduction of the water resources estimateil for the
other subareas of the zarga River Basin. This aI1ows to
regard the wadi Dhuleil area as a separate unit where
iirigation activities and development will continue as
long as technicar and economic aspeets justify an extensive
groundwater production.

Taking the wadi Dhuleil area out of further consideration,
the area balance of the zarqa River Basin is governed
primarily by the projected water demand to be satlsfied
in the greater Arnman-zarga area. compared to the present
annual water use of about 28 MCM, the estimated municipal
and industrial water demand of 1 985 would require to pro-
vide a suppry of about 98 McM. This projected figure may
appear to be excessi-ve; nevertheress, it should be seen
as the target in the layout of water allocation progranrmes.
The greater Amman-Zarqa area wirl remain the most signifi-
cant growth centre in Jordan, and arrangements for a re-
liable and fulI-scaIe water supply are of fi-rst priority.
For the other areas of the zarqa.diver Basin, the projected
demand data in the fields of irrigation and domestic water
suppry do not differ very much from the estimated data of
the present water use.

considering average-year conditions, the balance compu-
tations indicate that surface baseflows and available ground-
water resources wirr be exploited to a rarge extent by the
varlous water users in the area. some 42 McM, primarily
floodflows, which cannot be diverted for direct use, will
be retained in the King Taral Reservoir. A supplementary
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source of water is assumed to originate from returnflows
of treated sewage. According to present plans, in 1985

about 26 MCM of such returnflows will presumably be released,
into the Zarqa River from treatment plants at Amman and

Zarqa, and eventually flow into the Klng Talal Reservol-r.

The balances of the indlvidual subareas conflrm that the
water demand of the Amman-Zarqa region cannot be satlsfied
by the natural water resources there available. Government
plans envisage an extensLon of the existing water Productlon
facillties ln the very region, and the construction of a

plpeline between the King Talal Reservolr and Amman. Con-

sidering these plans and the parti-cular priorlty of adequate
munici.pal water supply, lt appears reasonable to think of
an integrated central water supply system for the greater
Amman-Zarqa region. The balance computat,ions have been

made accordingly. They incorporate the recycling of the
treated sewage returnflows. This ls to be taken into account
ln order to meet with the projected demand, and indlcates
also the urgent need of measures to be taken for sewage

treatment and control of water pollution. Recycling opera-
tions are a common practice in areas with large demand and

limited natural water resources. They are combined with
treatment of sewage to acceptable standards, and with a

subsequent additional water treatment complying with stan-
dards of potable water supply.

fn addj-tion to the recycling of some 25 MCM of annual
surface returnflows, resources of about 40 MCM retained
ln the King Talal Reservoir have been envisaged for allo-
cation to the Amman-Zarqa water supply. Their rellabillty
as well as aspects related to the technj-cal means for their
potential exploitation are the dominant background of the
proposed allocation prograrnme, The remaining 33 MCM necessary
to satisfy the water demand of Amman-Zarga will be produced
from the resources available in the very area. These include
sorne 1O MCM of estlmated uncontrolled returnflows entering
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the groundwater aquifers in the urban and industrial dls-
tricts of the region. According to the balance computations,
certain quantities of surplus flow can be expected to leave

the Amman-Zarqa region and eventually the Zarqa River Basin,

most likely as groundwater flow or as baseflow in the lower

Basin. It will be the subject of future surveys, after im-
plementation of the recycling operations, to investigate
the actual effects and to study the possibilities of a

further use of such surplus flows. The surveys should also
be seen in connectlon with environmental aspects, which
may ask for the maintenance of a minimum flow with adequate

water quality !n the upper course of the Zarqa River. The

expected returnflow of treated sewage (although less than
1 m37s, on the average) in i 985 will presumably contribute
to acceptable conditj-ons.

The balance established for the total Area V indicates
that basically all the avallable resources are needed in
the area itself. Accordingly, the aLlocations have been

made to comply with the projected demand data. For the
municlpal water supply (1.4 MCl,l) of the Jarash region, the
suggested incorporation j-nto the "northern central supply
system" was taken into account. In }ine with Present and

planned irrigation schemes about 15 MCIvl, partly (2 MCM)

from groundwater resources, have,.been envisaged for trans-
fer into some ddwnitream-and Jordan Valley (Area fI)
irrigati-on areas. Most of these transfers base on surface
water resources which are assumed not to be controlled by

the King Talal Reservoir, and which include an estimated
volume of 5 MCM of flood flow originating from catchments
downstream from the reservoir. These flood eomponents do

not appear to be exploitable j.n 1985. They will continue
to discharge into the Jordan River. The groundwater stored
throughout the Zarqa River Basin is not consldered as a

potentlal for major long-term development. The stored quan-

tities should be seen only in terms of a supplement to the



41

groundwater resources which have been estimated as available
for annual exploi-tation and vrhich are used for various
Purposes.

It is to be noted that regarding the use of water retained
in the King Talal Reservolr, the water allocation programme

applied ln the balance computations does not correspond
fully to exj.sting plans for the operation of the reservolr.
The particular situation of the greater Amman-Zarqa region,
however, seems to justify a reconslderation of these plans
in Ilne with the suggested projections. Some consequences
with regard to present project layouts and necessary modi-
fications may stand agalnst a new concept; but all consid-
eratj-ons should. be guided by the aspect that adequate domestlc
and j-ndustrial water supply in the Amman-Zarqa area j.s a
dominant condition for the projected socio-econonuic develop-
ment of Jordan. The figures of the expected water demand

may not necessarily be reached by 1985. They demonstrate,
howeverr the order of magni.tude; and lt is obvious that
reliable water resources need to be allocated urgentJ-y, in
order to cope with the development of such water require-
ments. Present information and assessment do not indicate
slgnificant volumes of reliable annual water resources other
than those which are going to be retained in the King TaIaI
Reservoir. They form a source which is immediately available
and exploitable with reasonable technica'l and economic means.

Their utilization in the amman-Zarqa'area would not imply
a reduction of the water resources required in the Jordan
Va11ey (Area II) according to the development projections
for 1985. But some specific project layouts may have to be

reviewed and adapted. Neverthelessr €rn additional recycli-ng
of the water supplied into the Amman-Zarqa region seems to
be indispensable. The technlcal details regarding the most
economic recycling operations should be studied with some

priority. The returnflow after sewage treatment may be re-
cycled through the Ki-ng Tala1 Reservoir and the pipeline
system to Arnman-Zarqa. It may also Prove to be feasible to
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use the returnflow for a controlled, artificial recharge of
the aqulfers, (see also the present studies for the Abdoun

Reservoir), from which groundwater is pumped for the water

supply in Amman and Zarqa.

SummarizLng the findings from the area balances of the
northern regions in Jordan, it appears that the projected
1985 water demand can be satisfied through the suggested

allocation of the resources. Apart from the modifications
which are considered necessary with regard to the utilization
of the water resources of the Zarqa River Basj-n, the water
allocation prograrnmes outlined in the area balances correspond

largely to plans formulated earlier by various Government

agencies

The development projects envisaged in the central regions
of Jordan suggested a joint interpretation of the Projected
area balances for the Dead Sea Riftside Wadis (Area VI) I

the wadi Mujib Basin (Area vlr), and the wadi Hasa Basin
(Area VIII). The projected demand data are primarS-ly related
to the plans of irrigation development in the Southern Ghors,

and to the industrj-aI water requirements expected from the
operation of the Potash Project at the southern end of the
Dead Sea. The projected figures of the domestic and municipal
water demand indicqte considerablg' improvements compared

to the present conditions, but they remain small in relatj-on
to the other demand Projections.

For the northern section of Area VI, the balance computations
show a surplus of about 1 4 MCM of suitable surface water re-
sources. They seem to justify detailed surveys regarding the
possibilities and potentials of their future utilization.
Specific attention has been paid to the increased municipal.
and domestic water requirements. Irrigation demand is not
expected to rise significantly until 1985. The allocation of
water for municipal and domestic supply anticipates the use

of 1ocal gtroundwater and baseflow (springflow). Apart from
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individual supply of scattered, villages, it is thought

reasonable to extent the present "South of Amman System"

operated. by the water.supply corporation, and to arrange

for an integrated central water supply scheme which incor-
porates suitably located and major communj-ties of the
adjacent lrlad,i I'ia}a area (Area VIIa). This corresponds to
existing plans, and the present transfer of water from

resources of the Amman area could be abandoned, in near

future. The loca} resources exceed the projected demand.

I't wi11, however, depend on the results of detailed surveys

whenever the integrated central supply scheme may also be

served by an exploitatj-on of the available groundwater

resources of the Wadi Wala area

The projected annual water demand of almost 63 MCM in the
southern section of Area Vf (south of the Wadi Mujib gorge)

requires to make use of the estimated resources (about

44 I{Ci,l) as far as it aPPears practicable. Only some 3.5 I*(CM

of flood. flow are considered not to be exploiiable. The

allocation of water for domestic purposes was given first
prlority, and, extensions of existing water supply schemes

and production facilities have been taken into account j-n

the area balances. They include transfers of groundwater

from the neighbouring Wadi Mujib Basin (Area VIIb). The

projected irrigation and industrial water demands cannot

be satisfied from the yery area. resourc6s; the use of local
resources in the existing, mainly private, irrlgation areas

should therefore continue with priority. For the other re-
quirements, loca1 resources have been allocated to a linited
extent. According to the assumptions of the area balance

and in line with the tentative plans for the diversion of
Wadi Mujib baseftows into the area of the Southern Ghors,

some 25 MCM need to be transferred from the Wadi Mujib in
order to comply with the total projected demand. The final
decision regarding the allocation and exploitation of the

inCividual resources for the alternative demand sectors in
the Souihern Ghors (irrigation and Potash Project) will
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have to be based on the related. technical and economic
consi-derations .

The corresponding area balances of the Wadi Mujib Basj.n
(Area VfI) and the Wad,i Hasa Basin (Area VIII) lndicate
that the estj-mated annual resources, locally combined with
an exploitatlon of stored groundwater, will allow to satisfy
the projected,ilemand in these two areas and, to transfer the
supplementary quantitiets which are required. in the area of
the Southern Ghors. Some 37 MCt4 of annual flood flows in the
Mujib Basin and some 15 MCM of floods and baseflow from the
Hasa Basin wilI remain unused according to the projected
plans. These resources and the considerable volumes of
stored groundwater should be seen as a subject of future
detailed surveys in order to determine the potentials for
a long-term development. Such surveys should also serve
a review of the effects resulting frorn the local exploitat,ion
of stored groundwater in the area of the desert irrigation
schemes and the phosphate mines. The projected abstrations
are likely to affect the long-term availability of the
baseflows at the lower reaches of the Wadi Mujlb and the
Wadi Hasa

Basically, however, the area balances of the central regions
of Jordan confirm that the existing.medium-term development
plans might be acgomplishedr &s far'as the water resources
are concerned. The implementation of the various projects
will therefore depend primarily on the findings of the
detailed teehnical and economic studies. The extent of
estimated surplus resources justifies further surveys re-
garding thei-r long-term exploitation.

The southern and, eastern regj-ons of Jordan do not anticipate
any large-scale water demand in 1985. In Area IX (Wadl Araba
North), the use of the limited loca1 water resources wiII
hardly differ from the present situation. ?he projected
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improvements of domestic water supply were given priority,
but they result primarily from extensions of existing muni-

cipal water suppty schemes which import resources from out-
side the area. The estimated local surplus water resources

are no significant base for furt,her development. The tenta-
tive Plans for the implementation of a coPPer mining industry

nlay have to be abandoned because of this constraint. It
appears from the comParative review of available resources

and lrrojected. ind,ustrial demand that the technical means

necessary to provide the water may not be economically
:casibIe.

fn Area X (Wadi Araba South), the projected municipal and

industrial water demand of Aqaba (about 9.4 MCI'{) stands

in first Priority. It cannot be satlsfied' from the heavily
depleted. Iocal groundwater resourcesi the projected water

allocation is therefore based on the existing plans of the

ea'Disi - Aqaba pipeline project. According to information,
the layout of the PiPe system is envisaged to have eventually
a conveyance capaci-ty of 17 MCM/year. A phased implementation

of the project would enable tc satisfy the water demand of
the Aqaba area by 1985. Some water use for irrigatj-on near

Aqaba is expected to continue, supplemented by about 2-3 MCM

of treated sewage returnflows, which are likely to rlsult
from the increased d.omestic and industrial water demand.

Sewage collection and t,reatment are to'be seen as very

important comPonents within the Scope of the various develop-

ment plans and projections which have been formulated for the

Aqaba region.

In Area Xf (Southern Desert:QarDisi), the projected exPloi-
t-ation of the available resources wilI be concentrated to
the weII fields of the Qa'Disi area. To a considerable
e:<tent, the water production is going to draw on stored
gro.lndwater. The demand Projections (26 IICM) both for local
.irrigation and for the water transfer to Aqaba can Presumably
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be satisfled; however' considering also the projected in-

vestmentfortheimplementationofthepipeline'thesupply
into Aqaba should have preference in case of limitatj'ons in

the water prod'uction' This may aPPIy particularly with regard

to the long-term development of the water demand in Aqaba'

provid.ed reuse of treated sewage or desalination of sea-

water for d'omestic and industrial PurPoses would not be

taken into account eventually' The balance computations

for Area Xr nevertheless indicate a slgnificant surplus

of stored groundwater wh-ich seems to be e<ploitable for rocal

individual development worksr most likely irrigation' and

relevantsurveysshouldbeinitiated'forlong-termplans.The
availablesurfacewaterresourcesdonotjustifyanyspecific
cons ideration '

The projected cond'itions in Area XII (Jafr Basin) are similar

to those estimated for Area XI' The water demand will

primarilyhavetobesatisfiedthroughtheexploitationof
s:ored' groundwater' The annual water resources and their

Iocal availability cannot support the projected development

ofthed'emandforirrigationandindustrialwatersupp}y.
Presentinformationdoesnotaltowadetailedanalysisre.
gard.ing the extent to which the projected water production

in the ind'i-vid'ua1 subareas will base on annual and/or

storedgroundwatgr..Theus.eof",.,'f.."waterisassumedto
continue in }ine with the present situation, and no use of

t'heverylimitedandscatteredfloodrunoffs(aboutloMcM)
whichoriginatefromtherainfalloverthewesternbasin,
has been envisaged by 1985' The water allocation shown in

the area balance placed first priority on the water supply

for domestic and munlcipal PurPoses '

Further surveys and reviews appear to be necessary in due

Course,inordertomakeSurethat'theProjectedlarge-scale
exploitation of groundwater for irrigation and phosphate

mini-ng works is not causing constraints to the production

r for domestic suppiy schemes' Sorne problems
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areas and well fields. Although small compared to the

other water requirements, the domestic supply is to be

given preference, particularly over irrigation. Neverthe-

less, accord.ing to the balance computatioh, the Jafr Basin

seems to avail of surplus groundwater resources. They justify

detailed surveys regarding suitable locations and the Poten-

tiaLs of long-term local development''

The projected water balance of the Azraq Basin (Area xrv)

does not d,j-ffer significantly from the corresponding analysis

of the present water use. There are no specific development

projections and plans for the area. fhe estj-mated surplus

of available annual resources (about 25 MCM) and some

1 r7OO MCM of groundwater stored in the area should become

the subject of detailed. surveys for long-term development'

The quantities st.ill exploitable in the very Azraq-depression

may includ.e some 13 MCM of basef low (springflow) , but any

further esti:nates regarding the npst suitable locations
for extended future groundwater production cannot be

supported adequately through the avallable information'
Therefore, no use of the resources for water supply outside

Area XIV has been envisaged in the projected area balance'

Provid,ed that the results of detailed surveys and studies

do not justify the considerable investments for a large-
scale annual export of the waLer into particular demand

centres (e.g. Amman-Zarqa area), the available and exploitable
resources should serve" local developmerli projects primarily'
According to the review of socio-economic and landuse con-

ditions, such local developments could aim at extended irri-
gation agriculture, and a number of sma11 flood retention
basins may pr:ove to be feasible to make use of the surface

resources in addition to the groundwater.

Projection 2OOO:

The area balances with regard to the expected situation
in the Year 2OOO take account primarily of t'he projected
water demanc for municipal and industrial PurPoses. As far
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as irrigation is concerned, the projections related to the
situation j-n 1985 were assumed to be valid basically also
in 2OOO. For some areas, modifications have been applied,
anticj-pating an improved utilization of the available water

resources. Further, returnflows of treated sewage were

considered as a significant supplement to the natural water
resources, and they have been incorporated Lnto the area

balances accordingly.

fhe overall-picture of the regional distribution of water
demands and water resources in the Year 2OOO reflects the
same tendencles and concentrations which were identified
for the projectj-ons of 1985:

The municlpal and industrial water reguirements to be

satisfied in the greater Amman-Zarqa area are liJcely to
j-ncrease to about 183 MCM per year; .

The supply of i-rrigation water int,o the Jordan Valley
is not expected to exceed considerably the quantities
of the 1 985-projections;
The other major demand centres remain in line with the
1985-projectionsi in the Aqaba arear 3rI annual
domestic and industrial water demand of about 14.5 MCM

will have to be taken into account.

The considerations regarding the individual area balances
and the suggested water allocatioh progranrmes correspond,
therefore to the outlines given in the medium-term Pro-
jections. They adapt the allocation of the available re-
sources to the increased demand data. As far as estlnated
resources are concerned which exceed defined water demands,

no specifi-c development projections have been made, but
surveys have been suggested which may serve an improvement
of the data base and final conclusions regarding an aPpro-
priate utilization of all the available resources. It' is to
be noted that the long-term projections can be seen only as

a tent,ative information. They depend, more than the medium-

term 1985 p}ans, oD the policies and strate.gies eventually
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determined by the Government, and on the results of future
regular reviews of the real achievements and trends.

The projected area balances of the northern regions are
governed by the allocation of the water resources for the
"northern centrar water supply system" and the Jordan vaI1ey.
Followlng the ssggested layout and the priority of an lnte-
grated municipal water supply scheme the demand projectlons
would require to provide armost 33 McM from the resources
qf the Yarmouk River (Maqarln Reservoir) r while loca1 ground-
water productlon for the scheme ln the Year 2ooo is assumed
to yield about 5 MCM. The diversion of yarmouk resources
into the Jordan valIey (Area rrT wrI1 remarn ln the order
of about 255 MCM, on the average. Thus, without consj-deration
of the possible effects of "over-year" storage in the Maqarj-n
Resenrcirr sone 19 Meu would be available ln the reservoir
to serve the rights of water users outside Jordan.

The exploitatlon of the water resources of the B,i-ftside
I{adis (Areas rrr and rv) assumes some i-mprovements in rocar
i-rrigation schemes. The area balances, nevertheress, indicate
that diversions into the Jordan valley (Area rr) can be main-
tained in line with the 1985-projections. The expected re-
turnflows of treated sewage are 1ike1y to increase the
potentiar supply t,o about 95 McM (compared to about 80 I\,tcM

according to the 1985-projections). a mo.dification of the
water resources allocation programmes seiems to be reasonable
for the sart/sweilih/wadi-es-sir region in Area rv. The
rising demand of municipal and industrlar water suppry and
the locations suggest to incorporate these communities lnto
the integrated water supply sirstem serving the greater
Amman-zarqa area. This suggestion was taken into account
in the relevant area balances for the year 2OOO.

The potential allocation of the avairable water resources
indicates that the total water supply for irrigation purposes
ln the Jordan valley (Area rr) will presumably not exceed
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some 365 MCM. The final studies on the Maqarin Reservoir
as well as su.bsequent experiences from the operati-on of the
reservoir may prove that larger quantities than assumed
in the present balance computations can eventually be
transferred j.nto the Jordan valIey. surplus flows because
of the suggested recycllng operations may also prove to
become available for diverslon from the Zarqa Rlver Basln.
Based on the present informatlon, however, such extended
Projections cannot be supported adequately. Simllar reser-
vatlons apply to the posstble utllization of the wadi naqqad/
Lower Yarmouk floodflows and of some 1O MCM of surplus
flowg in the northern sectlon of the Dead Sea Riftside Wadis
(Area vra). Provided all these supplementary sources were
effective in the Year 2OOO, the annual water supply for
irrigation in the Jordan varley may reach the ord,er of
45o xcM. This supply could serve an extension of irrigated,
land beyond the scope of the 1985-projectionsr or cover
increased water requirements wtr-ich are rikely to resurt
from J-rrigation efficiencies lower than assumed in the
project plans.

The projected area balance of the zarqa Rj-ver Basin (Area v)
takes fulI account of the potential returnflows of treated
sewage. It is thought reasonable to assume that by the
Year 2OOO the necessary ser^/erage systems and treatment plants
have been completed_particularly irt' the greater Amman-Zarqa
area, and that they wilr arlow a controrled recycling of the
water used for domestic and industrial purposes. Thus, com-
bined wiLh the availabre natural water resources, a water
supply 1n line with the projected demend could be provided
from the very area resources. ft is to be noted that the
assumed fuII operatj-on of seweragre systems wilt reduce con-
siderably the extent of uncontrorred groundwater recharge
in the urban and industrial districts. Unlike the assunptions
appried for the 198.5-area barance, a reuse of these uncon-
trorled returnfrows for the water supply of Amman-zarqa has
not been taken into account. At presentr dn assessment of



51

tire actual quanti-ties is hardly possible. They will cer-
taii:Iy contribute to the groundwater flow or surface base-
flow in the lower basj.n. As outlined in the interpretation
.lf the 1985-projections, the technical system finally adopted
fcr Lhe recl'cJ.ing <;perations, and further surveys regarding
the effects on groundwaterr surface flows, and envlronmental
-o-rditi.'nr wi r..1 r'eveal the extent of surplus resources and
tt.d.i-cate th=j r poterrtial ut,Ilizatlorr withirr the Zarqa Rlver
BasJ.:r c.r: ln the Jordan Valley, Surplus flows would also re-
suLt from wat,er lmported tnto the Amman-Zarqa area from out-
stde the basin. Accordlng to the area balance, such lmport
.'f !e.';out'-crb does riot appear to be necessara/, provlded
sr w3le returntlows are controlfed arrd treated in llrre wlth
t.he regu.ired standards. The preser.t projectlons do not
-rnvL-{aJ4 the lmport of water. Avaj.iable informatlon as yet
,Joes not icler:tify reasonable quantitj.es of reliable resources,
wl-i*.;h ,'rou.id be transferred econom:icaIly. Relevant surveys
.Md studies, however, should contirrue. Arr economic import
of water r.nto the Amman-Zarqa area nlay facilitate the mainte-
nance ..rf the water quality during the recycling operatlons,
and would eventually supplement the water supply into the
Jordan VaIJ.ey.

Alsc the area balances projecLed for the central regi-ons
of Jordarr support the allocation of the water resources in
accordairce with the outJ.ines of the medium-term p1ans.
Ar-'ea VTa (Dead Sea Riftside Wadis north of the Wadi Mujib
gorge) i.nCicates a surplus of some 10 MC},I of suitable surface
fiows. Subject to the findlngs of the suggested detailed
surveys they could be exploited for use in the Jordan Val1ey,
the Sc.ruthern Ghors r or the Amman-Zarqa area. They may also
be cotrsidered for utilization in the very area for purposes
other than i.rrlgatlon. fn the southern section of the Dead

sea Riftside wadis (Area vrb), the projected water supply
wlI1 corrtinue to draw on the dlversion of surface flows
from the wadi Mujib, additlonally extensions have been
envisaged for the domestlc water supply schemes, whlch were
Droqrammr-d 'i n tho 1QA(-nrniont.{nnq
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The area barance of the wadi Mujib Basin (Area vrr) assumes

areduced'surfacebaseflow.Thisestimatetakesaccountof
Iong-term effects which are likely to arise from the exten-

sive groundwater exploitation in the irrigation and indus-

triar schemes located in the upper basln. An arlocation of

potentialfloodflowshasnotbeenmad'e.Presentj.nformation
is too scarce for realistic Projections ' Future surveys wiII

certainlyverifytheextentofexploitablefloodflowsand
their potenLial utilization in the southern Ghors ' or for

olherspecificpurposesinsideandoutsidethearea.The
sameapplieswithregardtothestoredgroundwaterresources.

AIso for the Wad.i Hasa Basin (Area VIII), a reduction of

baseflowresourceshasbeenassumedasaconsequenceof
the projected groundwater exploitation' the area balance

shows that apart from flood.frows which may require frood

protectionworksbutarenotconsidered'asaresourcefor
potential development, practically all the surface flows

will have to be diverted into the areas of the Southern

Ghors. This is different from the 1985-projections' Although

the water demand is not expected to rise significantly

beyond'theplansoflgs5,theassumedreducedbaseflowdi-
versionfromtheWadiMujibwillhavetobecomPensatedby
afullutilizationoftheWadiHasabaseflows.Basica}Iy,
however, the long-term development Projections of the

central regions qge-m to comply wi.th the allocation programme

of the wat,er resources. Further suweys, after implementation

of the varj_ous development projects, wirl herp to review and

modify the assumptions applied, for the balance computations'

andtoconfirmadditionalresourceswhichatpresenthave
not been allocated for utilization'

As far as the southern and eastern regions of Jordan are

concerned, compared to the expected 1985-situ:'-:on the long-

term projections do not anticipate signifcant changes ' The

available water resources of Area Ix (water Araba North) do

not support additional development' and those estimated to
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be exploitable in Area X (Wadi Araba South) wilt Presumably

be exhausted by the Year 2OOO. The projected municipal and

industrial water demand. of the Aqaba area {14.4 Mo4/year)

should be satisfied through groundwater pumped from Qa'Disi,
while returnflows of treated sewage have been envisaged' for

allocation to irrigatlon areas near Aqaba'

The annual groundwater production at Qa'Disj (Area xI) would

have to be raised to about 32 MCM in order to meet the d'emand

projections of Aqaba in addition to the irrigation require-

ments which would result from the operation of the QarDisi

irrigation scheme. such production may prove to exceed the

capacity of the Qa'Disi well fields, although considerable

volumes of groundrpater are estimated to be stored in Area xI'

Additional weil field.s may have to be investigated. As

gutlined in the interpretation of the 198s-projections,

hcwever, the water supply lnto Aqaba should cOntinue to have

preference over water supply for irrigation in Qa'Disi'
son-- of the water requirements in Agaba could eventually

ai s;r turn out to be economically satisfied through recycling

cf rrsed water or through desalination of seawater' Although

pi-ans for the implement.ation of the Qa'Disi-Aqaba pipeline

l.ave been formulated, surveys regarding such supplementary

water supply facilities seem to be justified for long-term

develoPment.

The projected area o.*r1..= of the Jafr Basin (Area XII)

and of the Azraq Basin (Area xIv) show adaptations to in-

creased 10ca1 water demand. But no all0cations for the

utilization of estimated surplus resources have been envisaged

at present. A verification of these resources appears to be

among the primary objectives of further local surveys' AlIo-

cation policies should then be determined accordingly'



4.

4.1

54

Conclusions for Strategies and' Poiicies

DeveloPment Priori!1es

It is acknowledged' that the development of water re-

sources for domestic and municipal water supply stands

in first priority. Adequate and reliable water resources

needtobea}located.Theyshouldenabletoprovide
thewateratthelowestpracticablecostthroughwater
supply schemes which are technically sound and flexible

enough to coPe with long-term trends and fluctuations

of the water demand.

Municipal water demand, &s far as quantities and

localitiesareConcerned,isconcentratedpartj-cularly
in the Aminan-zarga area and throughout the popuration

centres of the northern regions of Jordan' At present'

the conditions of the water supply are inadequate' The

waterdemandinAmman-Zarqaisj-ntensifiedbecauseof
thesignificantwaterrequirementsofindustries.Accord-
ing to the various deveropment projections, this agglom-

erationofmunicipalandindustrialwaterdemandisnot
Iikely to change in future' The projected demand data

may not necessarill'be achieved'' but they indicate the

urgent need of decisions and arrangements regarding the

allocation and development of reliable water resources

forthesederJraqdcentres.The,,situationisaggravated
by the fact that although'most of the natural water

resources of Jordan are available in the northern re-

gi-ons, the very considerable irrigation water require-

ments in the Jordan Valley have to be satisfied simul-

taneouslY.

The comparative review of water resources and demand

arso indicates the urgent need of effective regulati-ons

and, measures for conservation and protection of the

water resources.
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Control of water pollution is indispensable, and recycling
of water after use will have to be initiated in near future
in order to cope with the increasing water demand, particularly
in the population and industrial centres. The improvement and

extension of municipal and industrial water supply systems

is to be combined with the corredponding implementatj-on of
sewage control and lreatment works. Priority should further
be giverl to such arrangements and operati-ons which help to
control excessive water consumptj-on and make the best use

of the scarce resources.
As regards the existing p1ans, programmes and development

priorities, no significant modifications seem to be necessari,.

the area balances ind.icate that the projected water demand

can be satisfled through a coordinated allocation of the
water resources and through the relevant implementation and

operat.ion of the development projects. Water envisaged for
irrigation purposes certainly has io comply wit,h acceptable
quality standards. In case of conflicting interests, however,

preference should be given to the use of the water for
municipal and industrial water supply.

Allocation of the Water Resources

The allocation of the water resources outlined in the
projected medium-term (1985) and long-term (2ooo) area

balances is to be regarded as a recommendation and. background

information for final decisions on policies and strategies.
The present plan of,wa-ter resources allocation may deviate in
some parts from individual points of view of the Government

agencies. It is therefore to be seen as a tentative progiramme,

and subject to modifications which the Government may consider
necessary in due course. After final approval and determina-

tion of the policies and str,itegies, however, the allocation
plan and the pertaining action programmes should be regarded

as the National l.Iater Master PIan and be pur:ucd accordingly
b], all concerned.
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Summarizing the conclusions drawn from the projected
area balances it appears appropriate to adopt the
following major strategies for the al}ocati.on, manage-

ment, and control of the available water resources i

The existing munici-paI water supply schemes in the
northern regions suggest their incorporatj-on into
an integrated "Northern Central Water Supp1y System",
serving the population centres and communities through-
out the northern regions. fo satisfy the projected
water demand (1985: 23.8 l,lCM; 2OOOz 37.8 MCM) r Bn

allocation of part of the very reliable and suitably
located water resources of the Yarmouk River has been

envisaged. Aciording to the esti-mates, in 1985, about
21.8 MCY would have to be diverted from the Yarmcuk.

By the year 2OOO, the annual diversion requirements
may be in the crder of 3?.8 MCM, assuming that through
a gradual extenslon of th-e present well fields between
Ramtha and Mafraq the exploitation of the available
groundwater resources could be increased eventually
to an annual production of 5 MCM. The suggested
operation of the "Northern Central Water Supply
System" would not necessarily depend on the imple-
mentation of the projected Magarin Reservoir.
Considering the arater demand pto,jections, a continued
transfer of water from the resources at Azraq and

Dhuleil does not seem to be reasonable. There is
a heavy groundwater depletion at Dhu1ei1, and the
long-term potential of a water export frorn Azraq
is as yet not confirmed with sufficient reliability.

- The expected development of the water demand in the
Amman-Zarqa area indicates the necessity to make

full use of the water resources which are reliably
available in the Zarqa River Basin. fn addition to
the allocation of the local baseflows and ground-
water resources to the various water users in the
rirrr.r hae.in. tha qrrrf ar:e f lows which are qoinq to
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be retained in the King Ta1al Reservoir should be

reserved in first priority for the water supl>Iy in
Amman and Zarqa. An integrated central water supply
system for the greater Amman-Zarqa area would be

of advantage. As outlined in the projected. area

l:alances, such central system would enable to satisfy
the projected water demand from the 1ocal resources
and from those stored in the King Talal Reservoir,
but necessarily combined with a recycling of used

water. Adeguate recycling operations and, arrangements

for water quality control are to be seen as very
important components of the strategy which will have

to be adopted for the use of the water resources
in the Zarqa River Basin. For long-term plansr the
ir,corporation of thd Sa1t/S:teili5./Wadi-es-Sir water
supply into the supply system of the greater Amman-

Zarqa area see;ns to be appropriate. Any surplus flow=
should be released for use in the Jordan Valley.

The allocatj-on of water resources which ccpe with
the water demand projections of the Jordan Valley
depends entirely on the implementation of the Maqarin

Reservoir and on a very effective exploitation and

controlled utilization of the surface and underground
flows of the riftside catchments. For irrigation
purposes in the very va1ley region, the suggested
allocation programme envisages averag:e annual diver-
sions of about ZSS'l.tdl4 from the Yarmouk River. 2OO MCl4

of these diversions would be released from the water
planndd to be stored in the Maqarin Reservoir. In
addition, some 80 MCM annually have been envi-saged

for 1985 as potential diversions from the riftside
caLchr,lents; they are expected to yield some 95 MCI'I

by the Year 2OOO. Thus, supplemented b1' the very
limited resources of the va11ey region itseii and

by sorne surplus flows leaving the Zarqa River Basin,
the projected medium-term (I985) water rgr.luirements
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(about 35O MCM) of the Jordan VaIIey can be satis-

fied. It j-s to be noteC, that any further irrigation

development in the Jordan varley, going significantly

llefond the scope of the 198S-projections' cannot

be supported at present by sound' proposals for t''re

allocation of supplementary water resources' Some

70 MCM, on the average, may be developed in long-term

progralnmes through additional storage on the Wadi

Raqqad or on the lower Yarmouk River ' and some 10 }lcll

may finally prove to be feasible for annual diversion

fromtheDead,seacatchmentsnorthoftheWadiMujib
gorge. According to present assessment of resources

and needs iri the various areas and regionsl however'

itisun}ikelythatwaterresourcesexceeding45oMcM
caneventuallybeallocatedforirrigationPurPoses
in the Jordan VaIIeY.

The allocation of the water .resources 
retained in

the Maqarin Reservoir anticipates allowances of about

30McMin}gS5toserverightsofr^raterusersoutside
Jordan. The projections for the Year 2OOO require a

reductionoftheseallowancestoabout20MCMperyear.
Definite inter-governmental agreements wilt havl to

be taken into account finally; they are, however' not

likely to affect the basic allocation programlne'

a

Integrated, central systems for municipal water supply

should serve the communlties of

the Madaba-Dhiban-Northern Wadi- WaIa region;

the Karak-tr{estern Wadi Mujib region;

the Tafila-shaubak region'

The allocation plan envisages the gradual extension

oftheexistingpipelinesandwaterproductionfacili-
ties. The projected long-term water demand within each

of these three regions (about 3-4 MCM'/year) can be

satj-sfied through an exploitation of local resources'
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Aqaba area is to be based on the groundtvater resources

of Qa'Dlsi, but recycling operations should. be initi-
ated early itr combitratiorr with considerations regarding

the reuse of treated sewage. Pollution control is of
utmost importance, and water-saving practices in in-
dustries seem to need particular att.ention and efforts'
The potentials cf seawaLer desalination for part of
the industrial water supply may be promoted in" long-

term p1ans, considering that a continued large-scale
groundwater production at Qa'Disi might cause problems

during the course of future Years.

For towns and eommunities outsj-d,e the integrated
central systems, the exploitation of local resources

through an extension of existing or through new indi-
vidual municipal supply schemes is envisaged in the

water resources allocation p1an. The utilization of
specific springflows or groundwater is to be d.ecided

after local surveys and studies.

The available basef lows of the l.ladi )Iu j ib and the

wadi Hasa Basins are all0cated for diversions into
the southern Ghors in order to supplement the utili-
zation of the available loca] resources for irrigation
and industrial purPoses. An allocation of the estima-
teci average annual flood flows (25-30 McM) of the

Wadi Mujib Basin j-s not reasonable as yet' More de-

tai-led surveys regarding potential si.tes for adequate

storage and explo:-tation of the sporadic floods are

to be made.

The planned i-mplementation of irrigation and indus-

tri-aI projects in the-.desert,/highland regions is to
be based on the exploi-tation of locaIly available
groundwater resources. Further schemes in the Jafr
Basin and the Qa'Disi/southern Desert area may become

possible after relevant surveys, but potential }ong-

term effects of groundwater abstractions and of con-

seguences resulting to other water users are to be
i nrroqr i r::terl and eontrolled.
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- According to present assessment, the resources of the

Azraq Basin shou1d be allocated to a gradual extension

of local development projects. similarily, t-he ground-

water resor:rces of the Wadi Dhuleil area can be con-

sidered only as resources for a continued local
utilizati<-rtr.

- water pollution control is to be init,iated and main-

tained effectively in all the areas of concentrated

. municipal and industrial water use; additionally in
the areas delineated, for specl-fi-c regulations regarding
water protection.

4.3 Consequences regarding Existing Development Plans.

The envisaged, allocation of the water resources meets

with the exj-sting development plans to a large extent.
S::-.: deta-i-Is of present technical a:rd operational project
layouts, nevertheiess, mai' have to be reviewed and

adapted if the suggested allocation programme becomes

effective. such adaptations and modifications will
primarily refer to project works which are relaLed to
the utilization of the water resources of the King

Taial Reservoir. The existing development programmes gf

the Jord,an Val}ey are not affected. The allocated water

resources will c?mp]y with the demand data of the medium-

term projections, provided the technical and organizational
infrastructure for the development, exploi-tation, and

control of the allocated resources is going to be

implemented. The allocation to the Jordan valley of
supplementary water resources for substantial irri-
gation Cevelopments beyond the scoPe of the 1985-

projections is unlikely to be possible. The projected
irrigation efficiencies may not be achieved alter
cornpletion of the schenres, and any surplus resources
which may result f.rom the neighbouring catchments,
would Lhen primarily have to compensate the effects
.- r Lt- ^. t.^, --.,- .-rr j ^: ^F^i ae rlrl^ i e i q :''l .n tn he Seen(-JI Lilg a(J&e! Cr ! rulL-.rursJ.
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infrastructure i.. the irrigation areas of the Jordan

Va11ey.

The suggested modification of the existing prograrnmes

regarding Lhe utilization of the water resources re-
ta:-::ei in the King Ta1al Reserr7olr stancs against the

point of view that surface water resources with accept-

able quality should be reserved for irrigation purPoses.

The expected subslantial increase of the water dernand'

in the Amman-Zarqa area, however, requires early
te'chnical arranqements based on reliable wa"er resources "

Resources other than those of the King Talal Reservoir
which meet the requirements j-n terms of quantity and

accessibj-lity, cannot be identified relj-ab1y at present

or in near future. Accordinglyr the King Ta1al Reservoir

should serve the Amman-zarqa area in first priority.
Existing plans for extensj-ons of present water supply

facilities should be adapted to this allocatj-on Pro-
graflrme and eventually Lead. to the suggested integrated
central supply system for the greaier Amman-Zarqa region.

The present initial steps direct,ed to control of water
pollution and treatment of sewage effluents need to
be pursued and extended with particular efforts. In the

municipal and industrial districts, such measures have

to become effe,ctive befoe long in order to facilitate
the necessary recycling of the water anA to protect
the natural resources.

As regards the southern Ghors irrigation development

and the Potash Project, there appear to be no conflicts
as far as the allocation of the water resources i-s con-

cerned. Although the findings of the final project
studies are not yet available it is unlikely that the
projects wi-lI not be implenented and the resources

thus beccne available for other purrDoses. Supplementary
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water resources even may be developed from storage

of flood flows in the Wadi Mujib Basin' Such surveys

should be taken into account for long-term plans'

The present' development Progranunes for a copper mining

industry in the Northern Wadl Araba area' however'

may meet with problems' No water resources seem to be

avaj-Iable which could reasonably cope with the pro-

jected waLer demand'

For the Aqabe area' the prospects and potentials of

seawater d.esarlnatior\ shourd continue to be studied'

The development plans for Aqaba should not be based

on water suPPIY from Qa'Disi onlY'

4"4 Consequences recarding Regional Dgvelopment

The main centres of water demand correspond to the

centresofthedominantsocio-economicandregional
deve}opmentinJordan.Thisind'icatestha.tthetentative
outlinesofapotentialregionaldevelopmentarenot
inconflictwiththeSuggesteda}Iocationoftheavailable
waterresources.Finalconsiderationsanddetailedregional
developmentplansmaythereforebefornulatedand':ursued
accordingly after approval of the Nat'ional t{ater Master

Plan
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Action Progra-:'rme

Determinationofi{aterResourcesAl}ocationPo}icies

Water res6urces development works realized at present

or progranrmed for near-ranEe inplementation should fit

into long-term pIans. Thrs requires urgently to estab-

Iish the basic policies for the allocation and corres-

ponding d.evelopment of the water resources'

The policies and strategies to be adopted need to

become the first objective of decisions which are to

be made at high goverilnental leveI' They are anvisaged

to take accoun-- of national and Ioca1 points of vi-evr'

to define the priorities in case of conflictingt in-

terests, and thus to provid'e some legal status to the

Nat,ional Water lulaster Plan, in order to excluCe con-

flictingdevelopnentsintheutilizationofthewater
resources. Any withd'rawel of water has consequences

to other interests. The presert analysis shows tha"

regardingthedistributionintimeandlocalitythe
waterrequj-rementscanbesatisfiedthroughtheavail-
able natural water resources and through recycling

operations.

5.2 Allocation of lrlater reqources and w+ter Ri9

After determination of the policies and strategies to

be adopted, the.pr-esent tentativ.e'plan of water re-

sources allocatior, *uy need some adjustnreirts. It wiIl

then constitute the National Water Master Plan and

open the way for the detailed planning' implementation'

and opera-.ion of the necessary works by the agencies

and 'jrater users to whorn the resources were allocat-ed'

The a'l l-ccation of the water resources should preferably

be cornbinec rviih the allocatlon of corresPonding water

rigirLs. Abstractiors of water nay have to be tied to

CetaileC iicenses wiric:-r are based on present wate:: ''-1ses

and expected develoPnents '
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New laws and regulations may have to be adopted, in
line with the decided policies and, strategiesr and

existing laws, regrulations, customs, and traditions
will have to be reviewed accordingly by the Goverrunent.

Pollution Control and Recvclinq of {aler
The scarcity of the natural water resources and the
ever j-ncreasing danger of water pollution make it
imperative to intensify the efforts which provide strict
regulations and measures for effective protection and

conservati-on of the water resources. These efforts are
to be guided within the scope of the policies and

strategies of the National Water Master Plan.

The available documentation outlines measures which
enable to safeguard the vrater resources for di-rect
or future util-ization They aim at pollution control
of surface flows according to applicable standards,
and they delineate areas where restrictions in land
use seem to be necessary in order to protect ground-
water resources from the hazards of pollution.

Pollution control is irnportant with regard to environ-
mental aspects, but indispensable in view of the need

to augment the supply of water. The efficiencj-es of
water use may be increased to'some extent through
adequate water management in the various projects.
A repeated use of the available resources, however,
will become more and more urgent in the centres of
municipal and industrial water demand. fhis calls for
immediate actions regarding water purificatj-on and

approved polici-es for recycling operat j-ons.
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5.4 Administration and Legislation
The implementation of the National Water Master Plan
is to be based on a smoothly working administration
vrhich fits into the existing Government system. A
multi-plicity of cor, petences regardi-ng the managenent
anC control of the water resources should be avoided.

. Rearrangements in 1j-ne with the current Five Year plan
for Socj-a1 and Economj-c Development 1975-198o were

. initiated recently and should be pursued j-n order to
adapt the administration and Iegal structure to the
needs. All activities related to the implementation of
the National Water Master PIan are to be guided and
controlled by a hrgh-level Government body (Supreme lrlat,er
Council).

Arrangements regarding legislation are equally important.
They are to be made in Ii-ne with the established policies
and strategies. They are to define the responsibilities
and competences within the ad.mj-nistratj-ve structure of
the aqencies engaged vrith water resources planning and
development, and they are to cover the details of water
rights, water metering and water rates, water quality
and pollution control, and watersaving measures. AlI
abstractions and returnflows need to be subject to
licensed and controls which determine the quantj-ties
of off-takes and the quality of refurns. They are the
base to make SUrb that .water rbsources planni-ng and
operation comply with the lega1 provisions and priorities
established through the National Water Master plan.

5. 5. Data Acquisition and f nformation I'{anagement

The recently completed documentation quotes the deflcien-
cies of the available data base and outlines a nurnber of
recontmendations for the preparation of improved infor-
mation during the course of the future years.
Acquisition and processi-ng of ciata are to be supported
through the administration and legal arrangements, and

'-hcir a.rc r-c bc rcqa:dcd. as a b:s:c co::lncncnt cf the
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National Water Master Plan. A11 surveys, studies, and

operational progl:ammes should be dlrected towards the
goals to be achieved according to the established
poli-cies and strategies.

Particularly, tl:e informati.on on available and exploitable
water resources in the various areas and regions should be

improved through specific surveys and data processing.
Such surveys should eontinue and aj-m at a data acquisition
in view of problems which might arise during detailed project
pianning, and j-n view of the problem that the scarcety of
the available water resources requlres efficient water use
and measures which augment the water supply whenever this
is possible with reasonable means. Thus, through the
surveys, also the aspects of watershed management,

i.e. measures related to erosion, control, flood. control,
anC conservation of water, will have to become the
subj ect of long-ter:n deveicp::.ent programmes. Near-range
surveys and plans regarding watershed management for
obvious reasons can refer only to l-imited flood control
works (dikes, channel improvements) which accompany
other water resources development projects and serve
the protection of project j-nfrastructure.

The adninistration and legal arrangements for the
implementation of, the Natj-onal Watdr Master Pian should
further provide obligatory guidelines and instructions
for a regular flow of information between all concerned
with the control and the use of water resources. The

monitoring system is to cover all data on actual and
expected water use and water management, achievements
of water quality control, and the information regarding
detailed studies on water resources and related develop-
nent projects. Such information management is considered
important for the maintenance of up-to-Cate information,
and wilI facilitate adjustnents and improvements of the
Plan.
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5.5 Near-range Measures

Apart from the present activities for the planning

and implementation of specific water resources

del'elopment projects which appear to be in line
with the tentative plan for the water resources

allocation, immediate attention should be directed
to

-'effective measures for the control of surface water
quality in the vicinity of munlcipal and industrial
areas;

technical alternatives and details of adequate Pro-
ject layout for the recycling of treated sewage in
the greater Amnan-Zarqa ar€ai

potentials and technical requirernents for an increas -*
groundwater proouction in the Mafraq-Ramtha area

considering the suggested layout of the "northern
central water suPPlY sYstem";

coordinated and complete data acquisition regarding
the water resources and their present management in
the eastern riftside catchments of the Jordan Valley.

A11 other surrreys ind data processing regarding basic
information on water resources should continue and

gradually be improved in accordance with the policies
and guidelines established in the National Inlater llaster
Plan. As quoted in connection with the studies for the
Cevelopment of the Jord,an Valley and the Yarmouk water
resources, the expected substantial reduc'-ion Of natural
discharges into the Dead Sea is not like1y to cause

serious effects.
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It should, howeve;, become the subject of i.nvestigations
in order to verify the tentative conclusions or to
identify the potential eflects and consequences in
detaj-l. Among the near-range measures, also specific
surveys on the water resources of the Azraq area may

be initiated in order to improve the information on

the location and quantities of the exploitable
resources, and to extend this information to the
groundwater resources stored in the deep aquifers.

Review of Plans and Policies

The National Water Master PIan is to be regarded as the
guideline for a coordlnated implementation of water re-
sources projects which are capable to cope with long-
terrn deveLopment prc jeclio::s. Prc jections, ho',.'ever,

seldom come true and available bacl:ground data are not
consistent in all cases. The Plan and the various
conclusions should therefore be reviewed in intervals
of about five years and extended accordingly. Such

review will enable to reconsider and if necessary to
revise parts of the Plan and the policies, taking
account of more recent data and better information on

water resources, their utilization, and the potential
development of .the country.

Duri-ng the course of future years, certainly more sophis-
ticated methodologies E.g. through linear programming or
dynamic simulation approach) may prove to be applicable
in order to analy'se how various sources of water could
best be used to supply a number of users at different places
and times. A recent ASCE-publication describes the consid-
eration of seasonal and stochastic factors in water planning.
They take account of the mostly non-Iinear cost functions
of water supply and waste water treatment, the stochastic
availabilities of water resources and supply, and the
seasonal variations of the water requirements of different
wd. LE I l.,l>El J .
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6. Out.Iook

Summarizi-ng the findings, it appears that Jordanrs
water resources are sufficient to satisfy the water

denrand expected to result from the implementation of
the present developrnent Plans.

A detailed interpre';ation has been mad.e of the regional
distribution of water resources and water demand. It
'ind,icates that appropriate water allocation strategies
will have to be established to satisfy the projected
demand. water resources development projects \riIl have

to be implemented in line with these establj-shed strate-
gies. Some moCif ication of the exi-stj-ng water allocaci-c::
prograJrmes seems to be necessary, particularly as far
as ihe waE,er resources of the Zarqa River Basin are

concerned. Urgent attention must also be paid to water

conservation measures. The projected water dernand in
regions like the greater Amman-Zarqa area will nece,ssi-

tate strict regulations for po1}':+-ion control and for
the implementation of sanitary sewage treatment facili-
ties to a1Iow the recycling and reuse of the water
resources for domesti-c andr/or other purPoses ' The ex-
pected future development cannot be based on the
potential natural water resources a1one, also because

cf economic constraints.

The present docu*"r,i3i:-o., is to be seen as the fj-rst
approach to the formulation of a coordinated water

allocatj-on po1j-cy for Jordan. It will help to fulfil the

envisaged objectives. A great number of institutions,
agencies, and individuals both governmental and

pri.rate have provided their advice, assistance, and

support during the preparation of the PIan. Al1 these

contributions deserve full acknowledgement and vrere

gratefully appr'eciated by the team. They were a great
encouragement in the undertaking of the work, and they
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indicate that there i-s a sound base for the implemen-tation of the plan. Much, however, is still to be doneand utmost efforts of all concerned will have to con-tinue for a successfull compretion of the water resourcesdevel0pment in accordance with the targets set for thenational development of Jordan.


