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Preface

“Governance and Water Management Structures iMditerranean basin” is thé’ Deliverable of
the INECO Project (Institutional and Economic Instents for Sustainable Water Management in the
Mediterranean Region, Contract No: INCO-CT-2006€/3). The Deliverable summarizes the work
undertaken within the framework of Work Packagef he INECO project, on the “Identification of
responsible WM authorities, institutional strucjrpolicies and water allocation mechanisms”. The
overall objectives of this Work Package were to:

¢ Identify and establish contacts with national agtavater management authorities, end-user
associations and other stakeholders.

e Present the current situation on water resourcesing management.

¢ Adequately describe and identify water allocatioechanisms and water rights in a regional
and national context.

e Present the current legislative and institutiomaifework and create an inventory of existing
water laws, regulations and related environmeeiklation.

As such, the work undertaken within the framewofkV@P 3 evolved around the analysis of
legislative and institutional frameworks with reddo the formulation of water management policies
and capacity building mechanisms. Further issuest thvere addressed involved analysing
responsibility allocation issues for water managamplanning and allocation, and the identification
of financing issues and the constraints that tmegose on integrated planning. Additionally, this
report provides an overview of focal water managanpeoblems in the participating countries, and
outlines commonalities with regard to their undexdycauses.

The Deliverable is structured in two parts:

e Part | is divided in two sections: Section 1 providesoarrview of the INECO frameowkr,
approach and phases, and elaborates on the iiastétlanalysis and the identification of focal
water management problems outlined in Part Il @& taport. Section 2 performs a brief
overview of the current water governance challerigeed in the MENA region, and outlines
commonalities and gaps among the focal water maneeproblems analysed within the
framework of the project.

e Part Il contains the reports, elaborated by the RegioaghBrs of the project. Contributions
contain information on (a) the current situatiogamling water exploitation and use in the
corresponding countries, (b) an analysis of thétut®nal framework governing the water
sector, (¢) a description of constraints and faealer management problems experienced at
the national and/or regional levels, and (d) thee@mes of Stakeholder Analysis performed
within the framework of the Project. Stakeholdenteat details are provided as a separate
Appendix to this Deliverable.

The report has been compiled and edited by ther&mviental and Energy Management Research
Unit of the School of Chemical Engineering of thatidnal Technical University of Athens, Greece,
and includes contributions from:

e Aeoliki Ltd and the Water Development Departmentte Ministry of Agriculture, Natural
Resources and the Environment (Cyprus);

e The Tunis International Center for EnvironmentatfAmologies (Tunisia);

Deliverable 3 Date: 25/09/2007
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¢ International Consultants — Egypt, and the MinistfyAgriculture and Land Reclamation
(Egypt);

e Conseil et Developpement s.a.l (Lebanon);

e Studies and Integration Consulting (Syria);

e Agence de Bassin Hydrographique Constantinois-SesgmMellegue (Algeria);

e ISKANE Ingenierie (Morocco).

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 6/266



PART |I: THE ANALYSIS OF GOVERNANCE AND WATER
MANAGEMENT STRUCTURES WITHIN THE
FRAMEWORK OF INECO



5
""||||||i

INECO &

w.

1 Introduction

1.1 The INECO framework

INECO aims at introducing an interdisciplinary apgeh to water management, building upon the
integration of three major aspects: environmendnemics and society. The project’s main strategic
goal is capacity building, by promoting the conestive engagement of stakeholders in Integrated
Water Resources Management.

Integrated Water Resources Management (IWRM) haa defined by the Global Water Partnership
(2000), as‘a process promoting the coordinated developmerd emanagement of water, land and
related resources, in order to maximize the resltaconomic and social welfare in an equitable
manner without compromising the sustainability itdhecosystems”.

In an ideal IWRM situation, water resources are agaa on (sub-) basin level in a globally
sustainable way, balancing different aspects,téehnical, financial, social, economic, institubn
and environmental. At the same time, the waterteédlinterests of all stakeholders are considered in
decision making on water use, while all stakehaldand interested parties have access to relevant
information and are aware of the potential of tte#en source and the impact of their use on therothe
stakeholders. Decisions on water use and planniagrade in a participatory manner, taking into
account criteria agreed and goals accepted byakitlolders.

INECO discusses shared problems in the decisionagakocess and the deficiencies of the present
governance structures around the MediterraneamnBasCyprus, Tunisia, Egypt, Lebanon, Syria,
Algeria and Morocco. Research focuses on altermatmgtitutional and economic instruments for
promoting equity, economic efficiency and enviromtad sustainability in the sharing, valuing and
governing dimensions of water resources management.

During its first year, the Project focused on tekstion of focal water management problems in each
country. These problems will be the core of thengXary regionalized analyses foreseen by the
project, and are related (directly or indirectlg)three of the water management challenges advbcate
in The Hague Ministerial Declaration of 2001:

e Sharing water, referring to the mechanisms (institutional, regoity, legislative, economic)
in place for water allocation at the river basiuele(between uses), at the service provision
level (between users) and at the transnational {dvelevant).

e Valuing water, referring to the assessment of costs and valuesier use, the maximisation
of economic efficiency, the implementation of theskrecovery principle for supporting
sustainable water service delivery, and the impigat@on of the user-pays and beneficiary-
pays principles.

e Governing water wisely, referring to the provision of an environment teagtbles IWRM
implementation and focusing on the aspects of:

o Participation of all citizens in the decision-makiprocess, either immediately or
through organisations representing their interests;
0 Decentralisation and application of the subsidjgriinciple;

o0 Transparency of water-related decisions, especiallyelation to water allocation,
water service revenue and investment capital aitmtaand definition of water
charges;

Deliverable 3 Date: 25/09/2007
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o Equity, ensuring that all citizens are being trdatequally and have equal
opportunities in water use;

0 Accountability, with regard to decisions taken;
o Coherence and integration between policies andgoal

0 Responsiveness with regard to changes in demamgplysudevelopment goals or
extreme hydrological events.

Each challenge suggests different issues that dhmubddressed within a water management system,
and will have diverse impacts at different levellghe local societies. In this perspective, thejgub
analyses instruments according to the deficiertbieg would address in each functional level of wate
systems' management, also described in Figure A K\dwegen and Jaspers, 1999):

e The constitutional or water policy and law functbrevel, which provides the enabling
environment for the successful functioning of tlystem, and includes the development of
water policies, institutional policies, includingiinan resources development, normative and
executive legislation.

e The organizational or water resource managementtibmal level, which involves the
coordination, planning, decision making and poljcof water use and users in water systems
(river basins and aquifers).

e The operational or water use functional level, wWHigcuses at the use or control of water for
specific purposes (e.g. water supply and sanitatragation and drainage, flood protection,
hydropower, industrial supplies, water for tourismd the preservation or rehabilitation of

ecosystems).
1™ Lavel S Tha nationa! IWRM siralagy
Constitutional Water pobsies, inslityliorsl
Estabishmeant of hrws amd . T
palicies Functional Lavel development
Capacty baefiding and Legiskalicn
: : Cinnrdination, @anning, dociskn
2™ Level Organisational making & management
Rivar Basin Managemant Functional Level Fiegulating watar use and users in
wialer Sysbems
3" Level Operational Water use or cantral for futfiling
Provision of walar services Functional Laval speciic nesds and damands

Figure 1: Functional levels in an IWRM framework

The final output of INECO should be viewed as aclaloexperiment” in capacity building and policy
framing; rather than hoping to introduce "solutibttsthe water management issues, INECO aims at
providing experience and support to local societiewards a shift in their perceptions and
subsequently in their water management practicesatthe development a comprehensive, adaptable
guideline framework to assist in the process.

Deliverable 3 Date: 25/09/2007
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1.2 Approach and phases

The overall INECO approach evolves around a cyddieelopment process, which aims at promoting
the shift towards a desired IWRM situation. Thefiproposal will be a mix of options, determined as
the result of a negotiation process, where poliakens, water resources and water utility managers
and stakeholders will be involved. The outcome Wil determined by technical, financial and
political attainability, under prevailing socioe@mic conditions.

The process towards constructive engagement ambgabformulation adopts the Analysis Phase of
the Logical Framework Approach, including the fallng stages:

= Situation & Problem Analysis: Identification of stakeholders, their key problemsnstraints
and opportunities and determination of cause afattefelationship between threats and root
causes;

= Analysis of objectives: Development of objectives from the identified peshs and
identification of means to end relationships

= Strategy analysis:Definition and evaluation of potential stratedies®chieve objectives.

An overview of this framework is provided in Figuge
In more detail, the specific steps of the endeacounprise:

= Sijtuation Analysis through the profiling of significant water managnt issues, the
identification of the current institutional and eomic setting, and the identification
stakeholders and the profiling of their interests;

= Problem Analysis through the more detailed description of one ifigecfocal, water
management problem, and the identification of mobtauses and effects, and current or past
water management policies, aiming to address theejsand lessons learned from their
implementation;

o Objectives Analysjsby identifying the specific inefficiencies of tlwairrent institutional and
economic setting, which are directly or indireathfated to the problem, and the preliminary
formulation of objectives for problem mitigationy lemploying stakeholder analysis and
participation. In this step, the selection and ptia adaptation of the indicators reviewed
relevant to the causes and effects of the problealysed and adapted to the overall
regional/national context is also undertaken.

¢ Identification and discussion on alternativarough participatory workshops, with the
additional aim of formalizing stakeholder commitrhdén the project, and the additional
collection of views on the constitutional, orgatizaal and operational functions of the
governance structures, and their influence onéelected water management issue.

e Formulation of proposalsconcerning the implementation of alternative insitnal and
economic instruments, and theiraluationon the basis of criteria defined by stakeholders;

¢ Refinement of proposalsccording to feedback receivednd re-evaluationby further
discussing implications on affected social grougsd assessing feasibility according to
political and social dynamics.
As also depicted in Figure 3, the overall projggtraach is based on and targets at the engagefnent o
local actors, stakeholders and the general pudic f
e Identification and analysis of current water mamaget issues and the formulation of
objectives to be achieved, and

Deliverable 3 Date: 25/09/2007
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e Evaluation of alternative institutional and econoroptions, which could contribute in the
solution of the identified issues.

Towards this end, stakeholder involvement and g@pettion activities are horizontal, spanning the
entire duration of the project, as depicted in FégaL

Expert proposals Interaction with
Stakeholders
Froblam
Statement Indicators of effects
; o justify Problem & tha Prablem
-"“H____‘E_Eﬂﬂu".:.un fruly significant
.F.-. ru __\___-L\ |:F|-_||:_:| Iq

Identily Causas

= . s
r
Proposal an /
Problem Tree Are fhe causss
; Indicators of  percecantiad correctly?
L Bjustily  piscuss & identify
. Objeclives feasible objectives
TR
Propose -

X e
altemative ’___f"—'_'fnrwul'[

manageameant Il.r” objectives into
Instirumenis

aliernatives Define criteria for

avaliating the
k_ proposed

— e ditemnatives
-

Figure 2: Interaction with stakeholders in the INECO approach

The outlined constructive engagement process atm®aximizing local opportunities for multi-
faceted solutions, by fostering the discussion ayadninterested parties before an option (in this case
an institutional or economic instrument) is seldciehis approach is based on mobilizing stakehslder
upfront, and giving the floor to their participaticat the project level, in the development of pland
proposals. Towards this end, the institutional ysia) and the identification of constraints facthg
water sector, as outlined in Section 1.3 below ahdhe individual regional reports of Part II,
constitutes the first step in the overall framewgrtoviding valuable input on both institutions and
stakeholders to be further involved in project \atiés, and on the institutional and economic
deficiencies associated with the water managenssoes at hand.
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Analysis of alternatives and options
Which alternative is the most suitable to achieve the objective?

Constitutional Organ Operatio:
Mean
Level tional Level al Level

1. Include environmental and resource costs in water --
tariffs
Stakeholder =~ FITESSSSSSTOTEEioem o
Involvement 2 oo concty o s ecemen s [ x|
2 Entace pontes na s o cvratstacion [ TRADE OFFS ANG
_- RECOMMENDATIONS
3. Regulation of abstractions
3. Prioritisation of water uses -
_

3. Transferability and conditionality of water rights

3. Define a single WM authority for the entire aquifer area _-
3. Formulate aquifer management policies taking into
account constraints/interests of users
3. Meter and control abstractions from main boreholes _—-
P 4. Provide incentives for increasing efficiency in water use _—
Problem Architecture & Y

What is the problem?

Higher cost borne by users and the state

GOALS AND OBJECTIVES
Need for alternative Highe! Increasec LEGENLC
(more expensive ) groundwater vulnerabilty of the CAUSES
water supply sources [l exploitation costs [l water supply syster B Valuing
B Sharin Objectives Analysis
Grounawater quaiy | Dropit - Absence of stateaic M Governing What objectives need to be achieved to “solve” the problem?
Degidation levels cope with drough I Other
FOCAL PROBLEN
T EFFECTS
I Environmental . 4

B Socic-economic
[l Other

Groundwater exploitation is
rationalisec

rexplotation of
groundwater resources

llegal private | Effective incentives [ The allocation of borehole permits takes
boreholes cease tc | for alternative supply/ flinto account the status of the aquifer and
operate conservatior the prioritisation of water uses

Abstractions are
systematically metered

Inadequate incentives Borehole permits allocatec No metering of
for alternative supply/ irrespectively of current aquifet abstractions (al
conservation status & prioritisation policies boreholes)

Operation o
illegal private boreholes

Penalties anc Water rights do One authority
economic instruments | not compromise responsible for
are used to the full environmenta groundwater
extent policies management

A

Groundwatel
exploitation costs
are increasec

There is regulation anc
control over GW
abstractions

Low costs for
groundwater exploitation
vs other sources

Limited application of | Conflict of rights | No single authority
penalties and other system anc responsible for GWN
economic instruments [|environmental policy | 8 permit issuing

Lack of regulation
and control

Environmental and | There is adequate
resource costs are technical anc
taken into accoun || institutional capacity pressure idiscomfort.

Incentives are providec

Anintegrated groundwatet
to alleviate socia

management framework existe

Social pressure
from user groups
(¢ ¢ farmers)

Disregarding of
environmenta &
resource costs

Limited technica / Lack of integrated groundwater
instutional capacity management framework

Figure 3: Overview of the INECO approach in for the development of regional analyses
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1.3 Situation Analysis: Institutional analysis and identification of constraints

facing the water sector
It has been recognized that integrated developaresimanagement of water resources, requires, to a
large extent, the existence of organized and efiicivater authorities, operating within an insitoél
framework. Such water authorities or institutionsodd be mandated to take charge of the
administrative aspects of all water-related issnesrder to ensure successful implementation of the
governmental water policy (UN-ESCWA, 1997).

Policies set the framework within which the watesaurces are managed; they set the objectives,
priorities and principles for the management obugses use, allocation, conservation, environmental
protection, while aiming at resolving issues ralate water quantity and quality - surface and
groundwater - coastal and freshwater. On the dihad, governance in the water sector depicts the
way the different institutions/organisations/citizgroups collaborate in order to promote integratio
towards “democratic” decision-making processes,institutionalise methods of promoting and
continuing innovation, and to improve water and teaster delivery services. Governance is about
promoting social justice and strengthening thei@pstory processes of integrated water resource
management; it entails the notion of engagingnadirrelated bodies in decision making.

An institution is a rule or norm that mediates ratdions or transactions among people and the
environment and as organisations they are involaedll levels of decision-making (governmental
bodies, NGOs, local/community groups). The rolesuwth organisations are to:

¢ Create an organizational and operational framewan#,
e Build or improve capacity.

To achieve these goals, several management insttaraee engaged, including assessment of natural
resources, IWRM plans and strategies, demand marageand social change instruments, conflict
resolution procedures, regulatory and economicagmbres, and information management.

Towards this end, this report outlines the outcowofethe institutional analysis performed within the
framework of the project. The objective is to taltha comprehensive profile of the institutionsiaet
within the area of interest, based on an extereamadysis of the full range of organisations involwe
policy-making and service delivery at the localgiomal and national level. Overall, institutional
analysis is a tool used to assist in the water geamant process by:

= Providing an inventory of institutions working wijttcontributing to and supporting the
processes;

= Highlighting the institutions’ roles and inter-ifistional linkage;

= Determining the relevance and importance of thetut®ns in water management operations;

= |dentifying constraints and opportunities for charigthe water management framework.

Since institutions are defined by rules, and rwe=ate boundaries, it becomes necessary to know
where the powers and funding to deliver differemtirses of action reside. Hence, one requirement
while seeking to promote constructive engagemertt propose alternative water management
instruments, is to develop the institutional aniglyer each of the different regions, by answerng
series of questions, as for example which instituian do what, has which powers and what funding.
The relevant domain of action are all those actiatsch may be adopted in order to deliver
sustainable water management at the local, regiandinational level.

In the above context, information contained andesyatized in Part 1l of this report comprises:
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o A brief overview of physical (e.g. climate, geomiaofogy, geology, river basins) and
demographic and economic characteristics and ofdhygical balance and water budget
elements for the countries and regions analysddmiNECO,;

= A description of the overall institutional, admim&tive and financial framework regarding
water resource exploitation, management and usegegislation, through:

0 Administrative & institutional framework mappinggescribing the main actors and
decision makers at all levels (constitutional, oigational and operational), analyzing
their responsibilities and identifying overlaps awhflicts

0 Legislation relevant to water issues (managemamting, emission limits, private
sector involvement, abstraction permits, groundmnateloitation permits etc).

o The overall financial context regarding water reseuexploitation, and the relative
importance of private sector involvement in thdisa¢éion of water works).

= A classification of constraints facing the watectse at the national/regional level,. Classifying
these into four broad categories: (a) naturaltébhnical, (c) financial and (d) administrative
and institutional.

= A tentative analysis and classification of majotevananagement issues into three categories
of problems, directly or indirectly related to tivater management challenges analysed within
the project, i.e.

0 Sharing water, such as pollution from upstream sources, conflictsater allocation,
insufficient quantity or quality of available regoas, transferability of water rights
etc.

0 Valuing water, such as low cost recovery, low economic efficiennywater
allocation, problems on the application of pricipglicies, incentives to reduce
consumption etc.

o0 Governing water, such as overlaps in responsibility, investment rfaiag,
inconherency and lack of coordination between msietc.

= The mapping of stakeholder interests and instigticesponsibilities in relation to water
management, provision and pricing of water servie@sl its potential impact, influence and
power with regard to the application of institutaand economic instruments.

The overall aim is to identify commonalities andidencies among the issues at hand, towards the
development of guidelines for sustainable and nattegl water management policies in the
participating regions.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 14/266



My
""""ll'

INECO o/

2 ldentifying commonalities in tangible water manag ement
problems and their underlying causes

2.1 An overview of water governance and progressto  wards IWRM in the

MENA countries
Water availability in the MENA is unquestionablynited, due to the low rate of natural renewal of
both surface and groundwater supplies, unwise s#cteater use and the diminishing of water
supplies by increasing pollution. The stress orilalvie water resources is increasing, from the need
for further socio-economic development, food seguaind sufficiency and ecological requirements.
Furthermore, the widening gap between water supptiydemand is further exacerbated by the lack of
water management policies and strategies, suppbytedfective legal and institutional frameworks,
which would enable an integrated approach for theagement of scarce resources. In most countries
past water development efforts have been mostlglgwgriented, towards the implementation of large
hydraulic projects, involving inter-basin transfer irrigation and/or domestic water supply progect

With regard to the target of establishing nation&RM plans, most countries have already set
policies, plans or strategies that serve as atstegards IWRM. There is still an urgent need to put
applicable integrated water management schemeseptsmand principles high on the political agenda
in order to enable decision-makers to act effetstiae well as in a coordinated manner for develgpin
the required financial and human resources. Thaav@VRM approach should be based on
formulating policies, strategies and programmetdbeaount for:

¢ Reliable assessment of water supply, in terms tf Qoantity and quality;

e Balancing water demand and supply and increasii@esfcy in water use;

e Water allocation and mitigation of conflict betwesattoral and regional water uses;

o Effective management and stewardship, includinggpel sector participation;

e Food and water security;

o Cost recovery;

e Enhanced institutional arrangements, regulation dedal framework updating and
enforcement;

¢ Financial resources availability;

e Stakeholder participation, and civic awareness anghgement.

IWRM should be seen as a comprehensive approatifetdevelopment and management of water,
addressing its management both as a resource anfilatmework for provision of water services.

Towards this end, achieving sustainable water memagt points to four dimensions, to which

effective water governance should be achieved @IQ6):

e The social dimension points to the equitable uswater resources. Apart from its temporal
and spatial variability, water is also unevenlytritisited among various socio-economic
sectors and layers of society in both rural andamrbnvironments. How water quality and
quantity and related services are allocated andlilited have direct impacts on the quality of
life and on livelihood opportunities.

e The economic dimension draws attention to theiefiicuse of water resources and the role of
water in overall economic growth.
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e The political empowerment dimension points at grantvater stakeholders and citizens at
large equal democratic opportunities to influenaed amonitor political processes and
outcomes.

o Finally, the environmental sustainability dimensgimows that improved governance allows
for enhanced sustainable use of water resourcesaaystem integrity.

@I»

However, in many countries, governance has noiveddéhe same attention as technical issues. Any
water governance system must be able to allocater waensure food and security but also be able to
assess for whom and what purposes water is pravimmbrding to its broader definition by UNDP,
governance addresses the relationship between ipatjans and social groups involved in water
decision-making, both horizontally, across sectord between urban and rural areas, and vertically,
from local to international levels. Operating pipies and criteria for achieving effective goverocan
frameworks include (UN, 2003):

o Participation: all citizens, both men and womemutt have a voice, directly or through
intermediary organizations representing their edes, throughout the processes of policy- and
decision-making.

e Transparency: information should flow freely in ®ig. Processes, institutions and
information must be directly accessible to thoseceoned.

e Equity: all groups in society, both men and wonsmuld have the opportunities to improve
their well-being.

o Effectiveness and efficiency: processes and iritita should produce results that meet needs
while making the best use of resources.

o Rule of law: legal frameworks should be fair andoered impartially, especially laws on
human rights.

e Accountability: governments, the private sector al society organizations should be
accountable to the public or the interests theygpeesenting.

e Coherency: taking into account the increasing cemipl of water resources issues,
appropriate policies and actions must be cohecensistent and easily understood.

e Responsiveness: institutions and processes shenud all stakeholders and respond properly
to changes in demand and preferences, or othecinemwnstances.

¢ Integration: water governance should enhance amtqie integrated and holistic approaches.

e Ethical considerations: water governance has tddmed on the ethical principles of the
societies in which it functions, for example, bgwecting traditional water rights.

According to the recent (2007) World Bank Reportéameountability for Better Water Management in
the MENA Region, in several MENA countries, goveemts and populations are starting to see that
the approach of securing supply is reaching itsjgay and financial limits and that there is neadd
new paradign in water management. Although sloereths a shift towards a new approach, which
considers the entire water cycle in a holistic waging economic instruments to allocate water
according to principles of economic efficiency af&l/eloping systems that are flexible in managing
variations in supply and demand. Changes includerphg that integrates water quality and quantity
and considers the entire water system; promotiodemhand management; tariff reform for water
supply, sanitation, and irrigation; strengthenifiggovernment agencies; decentralizing responsibilit
for delivering water services to financially automuus utilities; and stronger enforcement of
environmental regulations.
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Most countries are making considerable techniaalicy, and institutional progress within the water
sector, manifested also in the implementation nbvative policies and institutional reform. In some
countries, there has been a shift from the diremtipion of water supply services from governmental
agencies or departments to regulation of servicegged by independent or privately owned utilities
In many countries across the region, farmers hageith managing irrigation infrastructure and water
allocations. Furthermore, in several countriespaggs have been established with the aim to pldn an
manage water at the river basin level. To implentie@tnew policies, most governments have placed
water management under the authority of one simghéstry, in order to avoid the fragmentation and
overlap of responsibility that existed before.

In terms of institutional and legislative reforrhetrange of measures, already implemented or under
implementation in several MENA countries include édgample (UN-ESCWA, 1997):

e The establishment of a Water Resources Council Higher Commitee, adopted in many
areas to overcome coordination problems and proroot@boration among the different
actors, including the private sector and end-useresentatives. The council can have the
authority to make decisions on water policy objexdj allocate funds on investments and
implementing water policies, including pollutionntml| and environmental protection.

e The parallel establishment of a national water ciggion, with members from ministries
with technical and economic interests. This comiorss/ould have to ensure, on the national
level, institutional cooperation and coordinatioonf the technical and economic standpoints.

e The establishment of basin management authoriti¢searegional level, with the power to
execute projects, develop/implement regional watanagement plans and monitor water
resources.

e The establishment of water users’ associationgHeradministration of water rights, water
allocation between local users.

e The establishment of a single unified water insbtu for enhanced coordination. This
centralized water institution could be responsiile functions, such as executing decision,
evaluating, controlling, monitoring, inspecting aménaging all water resources and water-
related activities.

Furthermore, several countries in the region hagib involving stakeholders in public debates about
water policy and those of related sectors thatcaffeater management (World Bank, 2007). Such
processes are effected either at the river bagéi, lthrough river basin agencies, and/or at therae
level, through community and non-governmental oigiions (NGOs). Furthermore, end-users (e.g.
farmers or local communities) are increasingly iggttinvolved in the management of local
infrastructure, in an effort to both resolve cariliat the local level, and to promote the conoépb-
ownership of water infrastructure. Additionally,veeal countries have already begun releasing
information on water-related issues, in order wrease transparency and awareness among citizens
on what the real problems are and how these arentlyr being addressed.
However, in many cases, problems are still acutcexpected to aggravate in the near future. Issues
that still need further investigation and/or imp#srtation of improved policies include:
e Water allocation, as available resources, due ¢takand political reasons, are still allocated
to low-value uses, while at the same time high-alsesremain unmet;
e Interruptions in supply, even in times of high daility are frequent, as a result of the quality
of water services provided and the need to rendaffiitate/implement infrastructure;
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¢ Vulnerability to droughts and floods remains a peabwhich will be further exacerbated as a
result of climate change;

e Groundwater over-pumping, absence of strategic nudserves and groundwater quality
deterioration pose a further stress on availaldeues, and pinpoint the need for finding
alternative water resources, which are, howevehnjgif cost;

e Although there has been considerable investmewaier supply and sanitation, a significant
part of the population lacks access to basic wssgrices. Furthermore, wastewater treatment
remains inadequate, thus posing serious publi¢thgak in several regions.

e Water pollution, due primarily to poor law enforoemy, is further contributing to
environmental degradation and provokes conflict\eater stress.

According to the World Bank review, this lack ofudts is due primarily to two reasons:

¢ Reforms have not been fully implemented, primaglilie to social and political reasons, such
as pressure from specific user-groups. Furthermbeelack of knowledge on the true cost of
maintaining the status quo, combined with poordpamency in financial management, have
resulted in deferring decisions and budget allocetd the water sector.

e The water sector is also affected by other polidiealing with e.g. agriculture, trade, finance,
social protection. Therefore, in several casesem@anagement is influenced more by those
policies than by the water policy itself.

In the above context, the following section outlinke focal water management problems experienced
in the INECO regions and the underlying cross-ngtissues relevant to the “governing”, “sharing”
and “valuing” challenges associated with them.

2.2 The “Sharing”, “Valuing” and “Governing” Dimens ions of focal water
management problems

Among the outcomes of thé' year of INECO was the selection of focal water agement problems
(one in each country), which will form the basis fature analyses of the project regarding the
idenfitication and evaluation of institutional aedonomic instruments in the participating regions.
These problems are:

= Cyprus: Aquifer depletion and sea intrusiomnvhich has resulted from the heavy over-
pumping from groundwater aquifers during the pastades, in an effort to address the
increased demand for domestic and irrigation pwepand to mitigate drought effects. The
problem is further associated with the inabilitytloé current water management framework to
promote the use of alternative supply sources, @aghreated wastewater, institutional
framework overlaps and the inadequate legislatidareement.

= Tunisia: Aquifer depletion and sea intrusiomostly due to uncontrolled abstractions for
irrigation purposes and the inadequacy of the ptésapplied alternatives and disincentives
to groundwater overexploitation; water reuse iselyapracticed, due to the low quality of
treated water, soil types and cropping patterng] arost importantly due to farmer
unwillingness to pay for treated wastewater. Thablam is further exacerbated by the lack of
technical capacity in the agricultural sector, liheted application of water saving methods in
irrigation and the current water-intensive croppipatterns.

= Egypt: Water quality deteriorationin the region of theBahr Basandeila Canabf the

Dakahlia Governoratewhere waste disposal, heavy use of pesticidesemate domestic
wastewater treatment, and uncontrolled dischargedufstrial effluents have transformed the
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open waterway to a repository and conveyor of guaste. The major water pollution issue,
which is common in the entire Nile water distrilmutinetwork, poses great risks for human
health, agricultural production, and the river andstal ecosystems.

= Lebanon: Increasing water stresfor meeting domestic, agricultural and industrater
demandsn the Damour River Basjriurther exacerbated by upstream pollution, grovatdr
interbasin transfer, and lack of financial and techl capacity to address infrastructure
requirements and enforce legislation on water nesoprotection.

= Syria: Water pollution in the Barada River Bas(Greater Damascus Areadue to the
discharge of high loads of industrial and domesiéste and wastewater, which exceed the
river's self purification capacity, and the decesad river flow, resulting from rainfall
decrease and use of the Feige Spring for drinkiaggmsupply. Water pollution has caused the
collapse of the Barada river ecosystem, which alssiains the large forest of "Ghouta", a
cultural heritage area and environmental hotsptiérregion.

= Algeria: Pollution of the Seybouse Riy&rhich receives large volumes of untreated indalstr
and domestic effluents posing both direct and edirisk on human health, agricultural
production and the river ecosystem.

= Morocco: Increasing water stress in the Oum Er Rbia RivesiBaesulting from increasing
demand and inefficient water use in the agricultsector, where high losses in irrigation
distribution networks combined with the currentijoated irrigation practices (non-efficient
irrigation methods and water intensive, non-ecowaity sustainable cropping patterns)
contribute to significant water waste.

These problems, although diversified to the locaitext of water demand, water resource availability
and water management orientation, are represeatativiwo major categories of tangible water
management problems:

e The widening gap between water supply and demasdjting from inadequate or ineffective
past water management efforts, population and evmnagrowth, combined with the
decreasing availability of freshwater supply;

e The deterioration of water quality, threateningssmbems, increasing water stress, and related
to increased health risk and the need to ensuiguatieand safe drinking water and provision
of improved sanitation services.

Although diverse, the cases analysed within INEC&s@nt commonalities on the underlying causes
of focal water management problems, which beyoral tdthnical challenge, call for improved
decision-making, effective governance, improvedliapfpon of economic instruments, and increased
public awareness and participation. Table 1 attembptsummarize the underlying causes of those
problems, and relate them to the “Governing”, “\fladi and “Sharing” challenges, which form the
backbone of the project’'s roadmap. Further detaildhe analysed issues are presented in Part Il of
this Deliverable. The matrix demonstrates thahalgh potential solutions to water problems are in
most cases well known they have often not beeneémehted due to common underlying causes:

= Organisational problems, related to the lack ofd&yrfacilities, capacity and procedures, but
also to inadequate legal imperatives and adminigtrguidelines;

= Social perception issues, linked to both the latk gocietal understanding by decision and
policy makers, of the underlying causes to wattated issues, but also to limited awareness
and participation of stakeholders and user-groups.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 19/266



INECO

Table 1: A tentative classification of the causes of focal water management problems analysed within INECO

\

Sharing water

Valuing water

Governing water

Country/Region

S1 S2 S3 V1 V2 V3 G1 G2 G3 G4 G5
Cyprus + + + + + +
Tunisia + + + + + +
Bahr-Basandeila Region, + + + + + + +
Egypt
Damour River Basin,

+ + + + + + + +
Lebanon
Barada River Basin, Syrig + + + + + + + + +
Oum Er Rbia River Basin,

+ + + + + +
Morocco
Seyb(_)use River Basin, + + + + + +
Algeria

Table notes

Sharing Causes

Valuing causes

Governing causes

S.1: Water allocation conflicts
S.2: Ineffective management of shared resources

S.3: No access to basic water services

V.1: Low recovery of water service costs

V.2: Ineffective application of the polluter-pays
principle
V.3: Inefficient water allocation

G.1: No financing/planning for technical solutiafas

water works

G.2: Limited/no public participation and awareness
G.3: Inability/unwillingness to enforce legislation

G.4: Overlaps in responsibility
G.5: Lack of human resources
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2.3 Instead of conclusions: Towards the definition of a typology of

institutional frameworks
Institutional mapping and the analysis of the oNg@vernance structure in the participating coiastr
is considered also a first step towards the neafept phases, which foresee the development of a
typology of the institutional, social and econoroanditions at the regions analysed. The typology
will be further used to identify commonalities agalps regarding water management operations and
decision-making processes at the:

= Constitutional functional level, focusing on thentel organizational structure and the
framework for the development of national wateiiges;

= Organisational functional level, addressing patteand processes adopted for dealing with
conflicts between uses and users, coordinationadémuse and rules for water allocation at the
management unit (river basin or administrativegayi

= Operational functional level, addressing issueateel to the provision of water services, water
use and control for specific purposes, needs anthdds such as domestic water supply and
sanitation, irrigation and drainage flood proteatitlydropower, industrial supplies, tourism,
wastewater treatment etc.

Furthermore, the elaborated typology will form thasis for development of guidelines, aimed at
addressing the necessary institutional, legal, sitatimaking and operational framework of water
resources management. Guidelines will integrate pagicular socio-economic environment and
traditional practices of water management in thayaed Mediterranean regions, focusing primarily
on the aspect of public participation and the togtnal mobilisation and capacity building reqaire
for the application of economic instruments andgparency of water and cost allocation.

On the basis of the analysis conducted, and infliomaollected during the previous phases of the
project, the guidelines will define the institutadnprerequisites for the application of alternative
economic instruments that could enable a more peamrat, equitable, environmentally and

economically sustainable allocation of resourcempting the lessons learned from previous and
current research efforts and from the implememadiolNECO.

References for Part |

Global Water Partnership (2000). Integrated Watesdrrces Management. Technical Advisory
Committee Background Papers, No.4.

Van Hofwegen, P. J.M., Jaspers, G. W. (198@alytical Framework for Integrated Water Resources
Management, Guidelines for Assessment of InstitatisrameworksIHE Delft, A.A. Balkema,
Rotterdam, Brookfield.

United Nations (2006). World Water Development Replh: Water, a shared responsibility.
UNESCO and Berghahn Books.

United Nations (2003). World Water Development Répd&/ater for people, water for life. UNESCO
and Berghahn Books.

UN-ESCWA (1997). Water legislation in selected ESE€EWember Countries, United Nations, New
York.

World Bank (2007). Making the Most of Scarcity. Acmtability for Better Water Management in the
Middle East and North Africa. MENA Development Repgo: 39039.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 21/266



PART Il: INDIVIDUAL REGIONAL REPORTS



INSTITUTIONAL ANALYSIS AND FOCAL
WATER MANAGEMENT PROBLEMS IN CYPRUS

Prepared by Aeoliki Ltd, in collaboration with théater
Development Department, Ministry of Agriculture tival
Resources and the Environment, Cyprus



INECO )

1 Overview of the region

1.1 Location

Cyprus is situated at the north-eastern part oMediterranean Basin, 38ast of Greenwich
and 35 north of the Equator. It is the third largest mgldan the Mediterranean, with an area of
9,251 ki, of which 47% is arable land, 19% is forest lamdl ahe remainder 34% is
uncultivated.

LIMASSOL

Figure 4: Cyprus and neighbouring countries

Cyprus is divided into six administrative districtdicosia, Famagusta, Limassol, Paphos,
Larnaca and Kyrenia (Figure 4). At local administnaal level in Cyprus, urban residential
populations and their localities fall under theigdiction of Municipalities, and smaller rural
villages and settlements under Local Authoritiesti{uecently termed ‘Village Boards’ or
‘Improvement Boards’).

Table 2: Country overview

INFORMATION | INDICATOR/ Units DATA SOURCE

Geographic Area (knf) 9,252 Forest Dept.

characteristics | surface water area (Kin 37.63 Forest Dept.
Dams 13.48 Forest Dept.
Lakes 22.92 Forest Dept.
Reservoirs - Ponds 1.23 Forest Dept.
Land use — Arable (%) 26.5 Forest Dept.
Land use - permanent crops (%) 2.1 Forest Dept.
Land use — urban (%) 4.7 Forest Dept.
Land use — wetlands (%) 0. 36 Forest Dept.
Land use - protected areas (%) 2.22 Forest Dept.
Natural forests 1.7 Forest Dept.
Natural reserves 0.52 Forest Dept.
Land use — other (%) 8.9 Forest Dept.
NATURA 8.9 Forest Dept.

Socio- Total Population (number of 703,529 Census 2001

Demographic people)

indicators Urban Population 485,304 Census 2001
(number of people)
Rural Population 235,402 Census 2001
(number of people)
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INFORMATION | INDICATOR/ Units DATA SOURCE
Population growth rate (%) 1.3 Census 2001
Population density (Number of 76.04 Census 2001
people / km2)
Economy GDP (mil €y) 12,542 Main Economic
Indicators 2005
GDP per capita (€/head) 17,000 | Main Economic
Indicators 2005
GDP in the Tertiary sector 4.5 Main Economic
(including Services) (%) Indicators 2005
GDP in the Agricultural sector (% -3.6 Main Economic
Indicators 2005
GDP in the Secondary Sector 2.7 Main Economic
(including industrial sector) (%) Indicators 2005
Labour force by primary sector (%) 7.8 Labour Stats 2003
Labour force by secondary sector| 21.1 Labour Statistics 2003
(%)
Labour force by tertiary sector (% 71.1 LabourtiSts 2003
Unemployment (%) 3.5 Labour Statistics 200

W

In municipalities, the local policy is formulated bhe Municipal Council (elected by the
citizens to a term of five years), led by the Mawdo is the legal representative (who is also
elected by the citizens to a five-year term).

The municipality is responsible for the managenenthe municipal zone, which includes
construction and maintenance of buildings, parkd poblic gardens, street lighting, the
protection of public health with waste collecti@anitation and waste disposal and treatment,
and the protection of the environment. Where budgetmits, municipalities are also
responsible for promoting their area through thestigpment of tourism, arts and sports.

1.2 Main physical characteristics

The geomorphology of Cyprus is dominated by two ntain massifs: the Troodos range in
the central, southern and western parts of thedsland the Pentadaktylos range which runs
in parallel to the northern coastline (Figure Sju&ed between the two mountain ranges is
the Mesaoria Plain. The coastline comprises a mexaf low hills, rocky areas, cliffs and
narrow plains. Wider plains exist around river asies.

The central part of the Troodos Massif (coveringragimately 3,500 kfand rising in the
west to nearly 2,000 m) consists of igneous ro¢keddos Ophiolite Complex). The southern
and southwestern fringes consist of autochthonedisrentary rocks.

The central and highest part of the ophiolite cawrplonsists of ultramafic rocks

(harzburgites, serpentinites) and plutonic rocksifgs, wehrlites, pyroxenites, gabbros and
plagiogranites). Bordering this is the Sheeted Dgkenplex and, downhill the volcanic rocks
(pillow lavas). Autochthonous sedimentary rocks o@te the southern and southwestern
periphery with alternating layers of chalks and Isgtefkara, Pachna and Kalavassos

Formations).
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The Pentadaktylos Mountain Range has retainednitsstone covering over the ages. The
two mountain ranges were originally separated bjialow sea, the bed of which is now the
Messaoria (or middle) plain, a fertile agriculturagigion with the capital city of Nicosia

situated at its centre. The highest peak within Bentadaktylos Mountain Range is
Kyparissovouno (1,024 m), followed by Boufavent®39n) and Gialas (935m). These
mountains consist mostly of allochthonous recrlig&d limestones, dolomites and marble.

= High 1950m

Figure 5: Topography of Cyprus
The Mesaoria Plain (covering 2,500 #rsits between the two mountain ranges and extends
from Morfou Bay to Ammochostos Bay. The topograpbydominated by flat or softly
undulating areas and scattered, characteristidldtytopped or conical-shaped hills. The
altitude reaches up to 300 m. The plain consistglynaf marls, calcarenites, sands and
gravels (Lefkosia, Athalassa, Kakkaristra and Apd&lormations) as well as alluvial deposits.

1.3 Land

Approximately 47% of the island area is arable lamgreas 34% is uncultivated. Some 19%
is covered by forest, most of which is owned bystae. In the Government controlled areas,
the total agricultural land is approximately 20@0G of which 45% are cultivated by annual
crops and 21% to perennial crops. Some 5% are Uatlew and as grazing land, 25% is
uncultivated and some 4% is classified as scrubdmserted. Some 37,000 ha are irrigated,
covering approximately 25% of the cultivated lantbp and fallow) and account for 60-70%
of the total crop production value.

1.4 Climate

Cyprus has an intense Mediterranean climate with tffpical seasonal rhythm strongly
marked with respect to temperature, precipitatiod weather in general. Hot dry summers
from mid-May to mid-September and rainy, ratherngeable, winters from November to
mid-March are separated by short autumn and sgéagons of rapid change in weather
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conditions. At latitude 35° North, Longitude 33°9EaCyprus has a change in day length
from 9.8 hours in December to 14.5 hours in June.

The central Troodos massif, rising to 1951 metressl., and to a less extent the long narrow
Kyrenia mountain range, with peaks of about 100@resea.m.s.l., play an important part in

the meteorology of Cyprus. The predominantly clskies and high sunshine give large

seasonal and daily differences between temperatiirdge sea and the interior of the island
that also cause considerable local effects espheo@ar the coastline.

During the summer, the island is mainly under thiduence of a shallow trough of low
pressure extending from the great continental dsjpe centered over southwest Asia. It is a
season of high temperatures with almost cloudlkies sPrecipitation is almost negligible but
sometimes isolated thunderstorms give precipitaimounting to less than 5% of the total in
the average year.

During the winter Cyprus is near the track of fafirequent small depressions that cross the
Mediterranean Sea from west to east between thineortal anticyclone of Eurasia and the

generally low-pressure belt of North Africa. Thesepressions give periods of disturbed

weather usually lasting from one to three days @oediluce most of the annual precipitation.

The average precipitation from December to Febrisaapout 60% of the annual total.

The total yearly average precipitation is about 600 (period 1961-1990). A lowest value of
182 mm was observed in 1972/73 and a highest ofm®9occurred in 1968/69. Statistical
analysis of precipitation in Cyprus reveals a dmophe last 30 years. The mean annual
precipitation increases up the southwestern windwslopes from 450 mm to nearly
1,100 mm at the top of the central massif of Treodéigure 6). On the leeward slopes,
precipitation decreases steadily northwards antvaads to between 300 and 350 mm in the
central plain and the flat south eastern parts Kibkkinochoria area) of the island (Rossel,

2001).
A
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Figure 6: Mean annual precipitation in mm over the period 1971 - 2000
Cyprus can be divided in four main topo-climatigioss:

(a) The high altitude areas (500 to 1950 m. amsl) effitoodos mountain range that
dominates the central part of the island, corredjmonto 18% of the total area. The
mean annual precipitation is 690 mm, varying frd0 # 700 mm at elevations of
500 m, to 1100 mm at the mountain peak. The meanamvaporation varies from
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1,400 to 1,700 mm at 500 m elevation to 1000 mthetop. According to the
Penmann-Monteith classification, the region, withe@erage aridity index of 0.54,
can be classified ddry sub-humid”.

(b) The slopes of the Troodos mountain range at aé#tuaf 200 to 500 m amsl (27% of
the total island area), with a mean rainfall of 3000 mm at the lower elevation and
400 to 700 mm at the higher elevations. The rdindd is higher at the western and
southern slopes. Similarly, the annual evaporataes from 1600 to 1900 mm at
lower elevations to 1400 and 1700 mm at the highes. The region has an average
aridity index of 0.3, and can be classified'sami-arid” .

(c) The Mesaoria Plain dominating the central eastarhqgd the island (20% of the
island) at elevations of 0 to 200 m amsl, with esponding annual rainfall in the
range of 290 to 350 mm, and an annual evaporagienaf 1650 to 1850 mm. The area
can be classified as “arid”, with an aridity indefx0.18.

(d) The coastal areas at 0 to 200 m elevation amslidimgy also the Pentadactylos
mountain range along the northern part of the &(@5% of the island). The mean
annual rainfall varies between 350 and 400 mmeénsthuth-eastern and southern areas
and between 450 to 500 mm in the western and rrortireas. The mean annual
evaporation is in the range of 1700 to 2000 mmsé&laeas can be classified as
“semi-arid”, with an aridity index of 0.23.

The overall average aridity index is 0.295, clags{ the entire island &&emi-arid.

1.5 Major socio-economic characteristics

Cyprus has a population of 703,529 inhabitantsh wit estimated annual growth rate of
0.54% (Department of Statistics, July 2005 estis)at®lore than 50% (485,304) are urban
residents, whereas 218,225 are rural residentscdpital of the country is Lefkosia (Nicosia)
with a population of 213,500. The second biggety 8 Lemessos (Limassol) with a
population of 161,200 Figure 4 presents the distribution of populatggnder and age in

2001.

Males Females
_———
60-64 60-64 /m/—/—73 3 3  ——
45-49 . 45-49 .
30-34 ' 30-34 '
0 10 20 30 40 0 10 20 30 40

Figure 7: Population by Age and Gender (2001)

The Cypriot economy can be considered strong, ai@GDP of 26.2 billion € in 2004, but is
still susceptible to external shocks. Although ti@st important economic activity in the past
was agriculture, at present the agricultural sedodeclining and the economy is now
dominated by the service sector, mainly tourism &ndncial services. Erratic economic

1 www.visitcyprus.org.cy
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growth rates over the past decade reflect thiameé on tourism, which often fluctuates with
political instability in the region and economianciitions in Western Europe.

At present, the economic policy in Cyprus is focliea meeting within the next two years the
criteria to join the European Exchange Rate MedmniERM?2). However, slow growth in
tourism activities and poor fiscal management haselted in growing budget deficits since
2001.

Overall, the Cypriot economy continued to expaneugh 2004 and it was the first time
since 2000 that it recorded a higher growth ratemared to the previous year. Growth in
some key sectors over 2004:

e The sector of Agriculture, Hunting and Forestreidibiting a negative growth rate
of —0.5% in its value added, compared to 5.6% Bi320

e Construction continued its expansion for a fourtingecutive year, recording a
marginally reduced 5.2% growth in 2004, comparesl. 886 in 2003.

e The sectors of Wholesale and Retail trade, Tran§giorage and Communication and
Financial Intermediation recorded exceptionallyhhigrowth rates in 2004. Hotels
and Restaurants is the only activity in the teytgctor that shows a negative growth
rate for a third consecutive year. In particuléwe hegative growth rate in 2004 is
estimated at —2.8% with —4.2% negative growth ira003.

The main agricultural products of the country imlducereal grains, olives, citrus, potatoes,
and cotton; as well as deciduous fruits and wirsg@es. Sheep, goats, poultry, pigs, and some
cattle are bred. There is also a strong manufagugconomy (processed foods and
beverages, paper, chemicals, textiles, metal ptedwnd refined petroleum). Mineral
resources include copper, pyrites, chrome, ashestasgypsum. Timber production is also
considered to be importaht.

Due to the small domestic market size and the opgure of the economy of Cyprus, access
to international markets is considered to be ohhégonomic importance. As a result, trade
has always been one of the most important econseaitors, contributing considerably to the
economic growth of the country. In 2003 exportsoacted for about 7% of the total GDP.
During the same year, the value of foreign trade «&50 mil. €, showing a decrease of 7%
with regard to 2002. This reduction was mainly daethe decrease in domestic exports,
which declined by 7%, reaching 366 mil. € in 2008comparison to 395 mil. € in 2002.
Total imports also decreased by 7%, falling to 8.88l. € in 2003 from 4.228 mil. € in 2002.
Exports of manufactured products (i.e. industrradoicts of manufacturing origin) constitute
the bulk of domestic exports, representing 58%otdltexports in 2003. The most important
products exported during 2003 were pharmaceuti@s3 mil. €), clothing (17 mil. €),
cement (15.3 mil. €), cigarettes (12 mil. €), papesducts (10.2 mil. €), plastic products
(6.8 mil. €) and furniture (6.8 mil. €). In 2003xp®rts of raw and processed agricultural
products accounted for 21% and 16% of total domestports respectively. Exports of raw
agricultural products increased to 75 mil. € frogr6il. € in 2002. Citrus fruit and potatoes
were the most important products, with exports edlat 32.3 mil. € and £25.5 mil. €,
respectively. Exports of processed agriculturadpots remained at about the same levels in

2 www.encyclopedia.com
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2003, corresponding to 56.1 mil. €. The most imgatrtprocessed agricultural products
exported were halloumi cheese, wines and fruit\agtable juices.

The countries of the European Union are the mogportant markets for Cyprus,
corresponding to 54% (199 mil. €) of exports in 200he major EU export market is the
United Kingdom, followed by Greece, Germany andNe¢herlands. The Arab Countries are
the second most important market group, correspgndi 17% of exports in 2003. The major
markets in this group are Jordan, Lebanon, theednitrab Emirates, Saudi Arabia, Kuwait
and Egypt.

Imports of intermediate inputs (raw materials) andsumer goods make up for most of total
imports, accounting for 31% and 29% of the totapams, respectively. Other imported

products are by transport equipment (14%), capgjtalds (11%), and fuels and lubricants
(10%). In 2003, the imports of raw materials (imMediate inputs) reached 1,234 mil. €
(1,232.5 mil €. in 2002). The majority of importese raw materials for the manufacturing
sector. Imports of consumer goods declined to 12188I. € compared to 1,213.8 mil. € in

2002. Imports of capital goods reached in 2003 4#41l. € from 420 mil. € in 2002. Imports

of transport equipment and parts declined and ezh&%6 mil. € in 2003 compared to 675
mil. € in 2002. Passenger motor vehicles accoufwechearly half of the total transport

equipment imports, followed by motor vehicles fbie ttransport of goods and parts for
transport equipment. The value of imports of fuesl lubricants declined to 385.9 mil. €
from 459mil. € in 2002.

Tourism is central to the Cypriot economy. Reveftae tourism reached 193 mil. € in June
2005 compared to 186 mil. € in June 2004, recordingncrease of 3,7%. For the period
January-June 2005, revenue from tourism was estdra&tt633 mil. € compared to 629 mil. €
in the corresponding period of 2004, recordingramdase of 0.69 During 2003, hotels and
restaurants experienced a reduction both in tefresanomic output and value added. This is
due to a decrease in the number of tourists vigi@yprus and to the number of overnight
stays. Consequently, the value added in real teleetined further by 3.3% (the decrease
recorded in 2002 was 6.4%). Of the total value dd88.5% corresponds to hotels, 11.8% to
hotel apartments, 22.1% to restaurants and tavef@% to cafeterias and coffee shops, 5.8%
to night clubs and cabarets, 4.3% to fast-foodetsithnd take-away restaurants and 10.6% to
other eating and drinking places. Employment inaw@sints and hotels decreased by 0.5% in
2003 compared to the previous year and reache@8p@rsons, accounting for 9.5% of the
total economically active population and 10.2%hef total gainfully employed population.

Civil aircraft landings increased during 2000 aothlled 26,540 compared to 24,860 in 1999.
Passenger arrivals through airports increased0@63)77 in 2000 compared to 2,776,360 in
1999. Civil aircraft landings increased during 2@08] totalled 29,177, compared to 28,810
in 2002. Passenger arrivals through airports deeckdo 3,041,409 in 2003, compared to
3,105,818 in 2002.

3 www.mof.gov.cy/mof/cystat/statistics.nsf
4 www.mof.gov.cy/mof/cystat/statistics.nsf/All/
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1.6 Water Resources: Hydrology and Human Impacts

wl

1.6.1 Surface Water

Following the definitions of the Water Frameworkré&utive, Cyprus has been identified as
one River Basin District.

Hydrographically the island is subdivided into 9dmglogical regions, including 70
watersheds and 387 subwatersheds. The area uredeomirol of the Cypriot Government
includes 47 watersheds. Cyprus falls within Ecared (the Mediterranean sea), on System
A, “Ecoregions for transitional and coastal watensd the Ecoregion 26: Cyprus on System
A, “Ecoregions for rivers and lakes” (Republic ofptus Law, 13(1)/2004).

A

(number indicates code)

Il Lakes

Rivers
0 0 10 20 Km
e

Figure 8: The river basin district of Cyprus, including watersheds and rivers

As described in detail in Section 1.4, the averageual rainfall is about 500 mm, ranging
from 300 mm in the central plain and the southeagtarts of the island, up to 1,100 mm at
the top of the Troodos mountains (Figure 6). Thaatian in rainfall is not only regional but
also inter-annual and often two and even three-yemsecutive droughts are observed.
Evapotranspiration is high, and on an annual basrsesponds to about 80% of precipitation.
In general, full irrigation is necessary from lafing to late autumn to sustain production of
crops requiring water during this period.

Most rivers originate from the Troodos area. Thasseal distribution of surface runoff
follows the seasonal distribution of precipitatiavith minimum values during the summer
months and maximum values during the winter. A®sult of the Eastern Mediterranean
climate with long hot summers and a low mean anptedipitation, there are no rivers with
perennial flow along their entire length. Most nsdlow 3 to 4 months a year and are dry
during the rest of the year. Only the upstreamspafrsome rivers in the Troodos areas have a
continuous flow (rivers of Xeros, Diarizos, KarggtMarathasa, Kouris and Germasogeia).
Twenty four catchments can be considered of mediizen (100 to 1000 kth All others are
classified as small (10 to 100 RmThere are only 5 natural lakes which are brackissalt.
The rest of the surface water bodies are man-nradelting from river damming or creation
of storage basins.

The average annual water crop for this period (:96290) amounts to 780 AnSome 65%,

or 510 hn, of the total annual water crop corresponds téaserrunoff (Table 3). Of the total
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surface runoff only 45% (230 Hror 29% of the total water crop) is lost to seaaet that
reveals the high level of surface runoff utilizatiand control achieved in Cyprus over the last
35 years. Of the total sea outflow, a large praportorresponds to overland flow and flow
from minor streams, which cannot be regulated atrotled.

Since 1960, attention was turned to the systemstutly and construction of water
development works, both for storage and rechargeoses. After a comprehensive survey of
the island’s water resources, a long-term plantt@r construction of major development
projects was followed, involving the constructidradarge number of dams. The current total
storage capacity of surface reservoirs has rea8b@&d hm of water from a mere 6 hhin
1960, and will reach 325.5 Rrmith the completion of the Kannaviou dam. Thisaisruly
impressive achievement when compared to other geanof the same size and level of
development as Cyprus. The yield of these resensiabout 130-150 Hityr, however, this
value is now seldom reached due to the declinainiall and hence in runoff.

Table 3: Surface runoff for each Hydrologic Region

Region Catchment| Average| Surface Surface Water Ugam?)
No Name Area Rainfall Runoff Spate | From To Outflow
(km?) (mm) (hm®) Irrig. dams | recharge | tosea

1 | Pafos 1188 627 125 9 47 20 48
2 | Tylliria 745 585 59 2 10 7 39
3 | Morfou 1585 429 96 7 6 42 41
4 | Kyrenia 455 490 16 0 0 9 7
5 | Karpasia 685 463 22 0 0 3 19
6 | Mesaoria 1840 381 53 4 6 41 2
7 | S.E. Mesaoria 546 341 4 0 1 0 3
8 | Larnaka 1050 439 39 4 18 10 7
9 | Lemesos 1155 555 96 11 64 9 12

Total 9249 508 37 152 141 178

Island-wide average 478

At present, in Cyprus there are 106 dams and
ponds: 35 large dams with a capacity of
286.1 hni of water, of which 4 are groundwater
recharge-flood protection dams, 42 small dams
with a capacity of 16.1 hinof which 32 are
recharge-flood protection dams, and 26 ponds
with a capacity of 2.5 hin Eighty-one percent
(81%) of the dams, i.e. 85 in number, are earth fil
or rock fill.

The remaining 19%, i.e. 20 in number, are conatatas. Generally, these reservoirs are able
to hold two to three times the average annual f\ba& stream.
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Figure 9: Dam construction (1961 — 2004)

1.6.2 Groundwater

Most of the aquifers are phreatic, developed iarriwr coastal alluvial deposits. These are the
biggest and the most dynamic aquifers, replenishaily by river flows and rainfall. During
the last decade almost all aquifers exhibit tresfddepletion. Frequent droughts have reduced
the direct and indirect groundwater recharge, wtike construction of dams has resulted in
reduced recharge of the downstream aquifers. Atsttmee time, farmers, in their effort to
maintain the agricultural production levels, haeatued extracting the same quantities of
groundwater, and in most cases have even increthesg quantities. All these adverse
conditions have resulted in saline water intrusamidl hence quality deterioration of coastal
aquifers and the depletion of inland aquifers.

Direct recharge (from rainfall) of the island’s #eus is of the order of 270 Hm An
additional recharge of 140 Rmorresponds to surface runoff, which infiltratatoi riverbed
aquifers and coastal alluvial fans (Table 4). Rdrthis replenishment is extracted through
wells and boreholes, and the remainder goes tsdhe 8 % or 40 htrof surface runoff is
diverted for irrigation in late winter or early $pg, and especially during the wet season.
Where pumping exceeds recharge, a deficit of 10%00nni, is created in certain aquifers.
The result of the long-term over-pumping has béensea intrusion in certain major coastal
aquifers.
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Table 4: Groundwater replenishment (surface runoff and directly from rainfall) and use

Region Ground Water Recharge (hrfl) Use by (hnf) Deficit

No Name Streams| Direct Total Pumping to sea (hm?)
1 | Pafos 20 46 66 18 47 0
2 | Tylliria 7 23 30 11 20 0
3 | Morfou 42 30 72 89 11 29
4 | Kyrenia 9 19 28 11 17 0
5 | Karpasia 3 26 29 2 27 0
6 | Mesaoria 41 47 88 28 60 0
7 S.E. Mesaoria 0 11 11 35 1 25
8 | Larnaka 10 34 44 14 31 0
9 Lemesos 9 37 47 35 15 3

Total 141 273 415 243 229 57

The present level of abstractions from all aquifisrsestimated at 130 Hrgr, of which
10 hnilyr are available through artificial recharge. Téeerage yield of abstractions for
domestic water supply during the period of 199108®@was approximately 25 Riyear, for
irrigation about 102 hiyr and for industrial use around 2.5-3.0%yn During the last years,
annual abstraction for domestic water supply deser@4o a level of 18-20 Hmn

e 25hm3/yr
(2%) (19%)

102 hm?3/yr
(79%)

B Domestic Use M Irrigation OIndustrial Use |

Figure 10: Groundwater abstractions per use (1991 — 2000)

The total recommended abstraction from all grouridwhodies is estimated to 80 Hynm,
This estimate is based on the water balance of &auifier and the annual replenishment rate.
During the last decade, almost all groundwater d®dvith the exception of the riverbed
coastal ones are being overexploited. Of the 1Qrglwvater bodies in Cyprus (Figure 11), 17
have significant abstractions, which can be comsii@s “over-pumping”. The total “over-
pumping” is approximately 33 hifyr, and is encountered in all major aquifers @ tountry.

In general, the groundwater resources in Cypruswaeeexploited by 40% of their sustainable
extraction.
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Figure 11: Groundwater bodies of Cyprus based on the geology and the type of each aquifer5

1.6.3 Major water development works

It is widely accepted that in the last 46 yearsdh®as been a revolution in the water supply
industry of the island. Since 1960, the year ofejmehdence, the number of dams has risen
from 21 to 106. Additionally, from 1962 to 2006 thember of large dams increased from 10
to 36. The total area corresponding to irrigatedcaiure has increased from 1,600 ha to
almost 21,000 ha. In 1960, most villages reliedc@ammunal springs. Now, approximately 60
villages are serviced by central domestic watepugystems, either by exploiting the local
water resources or connected to the Cyprus Majdei&lorks. Water development schemes
became numerous and larger as time passed byeFigusresents a map of Cyprus depicting
the major water development works.

A large part of the island water demand is now thebugh inter-basin water transfer
schemes, which also involve the conjunctive usesofface and groundwater. Water
development schemes are in their majority multipagy addressing demands for irrigation,
domestic and industrial purposes.

Very recently, the water economy started to shifivards the development of non-
conventional water resources. Desalination plamt®wnstalled, with the aim to eliminate the
dependency of large urban and tourist centres orfatlafor drinking water supply. The
Government’s water policy is not restricted to tb&ue of desalination plants alone but also
focuses on the exploitation of other non-converatiomater sources, such as recycled water
for irrigation.

® Modified from the map of aquifers of Cyprus -Assment of Groundwater Resources WDD/FAO A.
Georgiou 2002 and G.S.D data.
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Figure 12: The major water works of Cyprus
Deliverable 3 Date: 25/09/2007

Version: Final, Dissemination Level: PU

36/266



INECO )

2 Management Challenges: Stewardship and
Governance

2.1 Ownership and responsibility for water manageme  nt

Overall, bulk water supply provision for domestic use dalinder the responsibility of the
Water Development Department (WDD) of the Ministify Agriculture, Natural Resources
and the Environment. WDD is responsible for thestattion, operation, administration and
management of all Government Water Works, relatddeshwater provision.

On the user level domestic water supplies are managed by the TowrelMBoards in the
major metropolitan areas of Nicosia, Larnaca, andalssol, by Municipal Authorities in
other municipalities, and by Community Boards filage water supplies. The operation of
Water Boards and Community Boards is governed ly“Water Supply (Municipal &
Areas) Law (Cap 350)"This law provides for the establishment of Wdeards and control
and management of water supplies in municipal atmeéropurposes, e.g. breaking open
streets, entry onto land, installation of pipes, Bbards have the power to impose water rates
or charges for the supply of water, but only after approval of the Council of Ministers and
the Parliament of the Republic of Cyprus. Waterrsesl managed by the Boards can be
developed by themselves or consist of bulk supjilaa the Government.

Irrigation water supply in Cyprus is managed byalodrrigation Divisions formed of
landowners, at a lesser extent by Irrigation Assimis formed of water-rights owners.
Almost half of irrigation demand is supplied dilgdty the Government (WDD).

2.2 Ministries, authorities and institutions at nat ional level with a role in
water management

At the policy level, the water administration resfgh the Council of Ministers that is formed
jointly by four Ministries: Agriculture, Financentierior and Commerce. At the executive
level, powers are divided between two ministrigse Ministry of Agriculture, Natural
Resources and Environment (MANR&E) and the Ministdy Interior. The former has
technical responsibility for water resources pgliagsessment and monitoring, but also for
development of water resources and the bulk salevatkr to end-users. The latter is
responsible for the enforcement of water-relateds)aincluding the issue of groundwater
permits. Its representatives act as the chairmekwficipal Water Boards, Village Water
Commissions and local irrigation associations, kmas Irrigation Divisions.
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Figure 13: The administrative, institutional and political setting of the region

The Water Development Department (WDD), which ie ohthe departments of the Ministry
of Agriculture National Resources and EnvironmeMAQNR&E), is responsible for
implementing the water policy of the Ministry, withe overall objective of pursuing the
rational development and management of water ressur

At the regional level, the District Administratiamder the Ministry of Interior plays a key
role in the implementation and enforcement of wattated laws, including the issue of
groundwater permits. All municipal water suppliesdanon-government irrigation schemes
are in principle under the jurisdiction of the Mitry of Interior. Other government

departments are also involved at various aspectleofvater industry of the island (Figure
13).

Responsibility for water administration at the lotavel is in the hands of the Municipal

Water Boards and Village Commissions for domesttew supply, the Irrigation Divisions,

Irrigation Associations, Waterworks Committees &dBD for irrigation, and the Sewerage
Boards for wastewater collection and treatment. tAdise organizations, except WDD are
under the jurisdiction of the Ministry of Interior.

At the user level, farmers have the right to fommghtion Divisions and Associations to
construct and manage irrigation schemes. Villages laave the right to establish their own
Commissions for developing local resources for dsirnevater supply.

The authorities/organisations which play a key inlthe management of the water resources
in the region are presented in Table 5 and FigdreTable 5 presents the water resources
planning matrix.
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Table 5: Responsibilities in water management

Authority Name

Role/Main Activities in relation to water
management

Governmental Institutions

Ministries Water Development
Department (WDD) -
Ministry of Agriculture,
Natural Resources and th
Environment

It has technical responsibility for water
resources policy, assessment and monitorifg,
and for development of water resources angl
efor the bulk sale of water to end-users.

District Administration -
Ministry of the Interior

It plays a key role in the implementation an
enforcement of water-related laws including
the issue of groundwater permits. All

municipal water supplies and non-governm
irrigation schemes are in principle under thd
jurisdiction of the Ministry of Interior

PNt

Municipalities Local Municipalities and
Communities, Union of

Communities

Responsible for water administration at locd
level

Other The Department of It is a section of the Ministry of Agriculture,
Agriculture Natural Resources and Environment. The
Department of Agriculture runs extension
services that advise farmers on irrigation
methods, fertilizers and other issues.
Environmental Service It is a section of the Ministry of Agriculture,
Natural Resources and Environment.
Public Utilities
Water Utility Water Boards (WB) Provide waterwoidsd sewage services
Waste water Sewerage Boards (SB)
Utility
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Table 6: Water resources planning matrix

ACTIVITY wWDD District Sewerage Water Boards Dept. Of Environmental
Administration Boards Agriculture Service

Surface water

Use X X X X X

Storage X X

Groundwater recharge X

X

Diversion

X
X
X

Quiality monitoring

Assessment X X X X

Ground water

Use

Storage

Recharge

Quiality monitoring

> [ X > [>]*

Assessment

Well permits X

Irrigation network

Rehabilitation X

Modernisation X

Reuse

Drainage water X X X X

X
X
X

Wastewater X

Desalination

Introduction of technology X

Efficient water utilisation X

Domestic X

Industrial X

Deliverable 3 Date: 25/09/2007
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ACTIVITY

wDD

District
Administration

Sewerage
Boards

Water Boards

Dept. Of
Agriculture

Environmental
Service

Agricultural

Legislation

Regulation and codes

Standards

Policy setting

Water allocation

Project financing

Project design

Project implementation

Operation and Maintenance

Pricing (tariffs)

Enforcement

Water data records

XXX XXX X[ X]|X
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Finance

Forests - Agric. Research Inst. ™

Fisheries - Environment

nd Consolidation
Mines

Development Operation
Irrigation Sewerage
Works

Irrigation District Admin.

Sewerage
Works

Coordination Laws-Control

E
X Geological - Meteorological griculture-On Farm
Forests - Agric. Research Inst. _ Water | Water Irrigation

E F isheries - Environment Resources | Development
(e Land Consolidation
1] Mines
T ACCOUNTANT GENERAL METEO., A.R.l, FORESTS DEPT. OF WATER DEPT. OF TOURISM DISTRICT ADMIN., LAND
! BUDGETING OFFICER FISH., GEOL., ENVIRON DEVELOPMENT AGRICULTURE -INDUSTRY REG., TOWN PLANNING
\E’ LAND CONSOLIDATION

\ Geological - MeteorologMNE Water Resources Head works ~ Agriculture- On Farm
L
E
Vv
E
L

Figure 14: The Organisational Chart for Water Resources Management
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2.3 Provision of water services & Financing of Wate  r Sector Investments

2.3.1 Overview

The policy control of water resource managemenCyprus is at present divided between the
Ministry of Interior, the Ministry of Agriculture Natural Resources and Environment, the
Ministry of Finance and the Planning Bureau. Watwices in Cyprus can be classified into two

broad categories:

Services provided on tHfeeshwater supply sidé.e. services related to the abstraction of

freshwater, impoundment, storage, treatment, tbdymtion of desalinated water, water

distribution;

collection, treatment, and provision of recycledevdeffluent after tertiary treatment).

Services provided on theastewater sidei.e. services related to drainage, sewerage

Table 7 summarises the water services, policy respilities and investment responsibilities,
while a detailed analysis is presented in the falhg sections.

Table 7: Water services and responsibilities

Service

Responsibility (Policy)

Responsibility (Ingstments)

Surface water abstractior]
storage, treatment

,Water Development Departmen

t  Water Development Dieyeat

Water desalination

Water Development Departme

et vaRriSector

Groundwater abstraction

Town Water Boards (in the majq
metropolitan areas),

Municipal Authorities (in smallef
municipalities),

Community Boards (in villages)
Irrigation Divisions/Associationg
Individual Users

Water Development Departmen|

ITown Water Boards (in the major
metropolitan areas),

Municipal Authorities (in smaller
municipalities),

Community Boards (in villages),
Irrigation Divisions/Associations
Individual Users

t Water Development Department

Water distribution in
urban and rural areas

Town Water Boards
Municipal Authorities
Community Boards

Town Water Boards
Municipal Authorities
Community Boards

Water distribution to
irrigation

Water Development Departmen|
Irrigation Divisions (landowner’y
associations)

Irrigation Associations (water
rights owners associations)

t Water Development Department
Irrigation Divisions (landowner’s
associations)

Irrigation Associations (water right
owners associations)

[

Wastewater collection an
secondary treatment in
urban and rural areas

dSewerage Boards

Sewerage Boards

Tertiary wastewater
treatment and recycled
water provision

Water Development Departmen|

t  Water Development Dieyeat

Industrial wastewater

Environmental Service

Individual Users

treatment

Water Development Departmen

t Water Development Department

The Government, through the Government Water Wdilas are administered by the Water
Development Department, is the main service pragdieshwater in Cyprus, providing services
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to both domestic users, through the provision di water quantities to Water Boards, Municipal
Authorities and Community Boards, and through th@sigion of irrigation freshwater on a retail
basis to farmers, or on a bulk basis to irrigafiovisions and Associations.

@I»

The financing of the Government woaterworks, thigidtion Division projects, the village water
supplies and the town water supplies are maderaghh@ugh Government funds or through loans
from International Financing Institutions, such the World Bank, The Kuwait Fund or the
European Investment Bank. In case of sewage psogesistructed by the Sewage Boards or for
works carried out by the Water Boards, the plaespaepared and implemented by the respective
organizations, and their financing is done by thganizations themselves. Recently, the Build,
Own, Operate and Transfer (BOOT) financing methab vadopted for the construction and
operation of the two desalination plants of thansl. This method provides that the successful
Contractor will design and construct the plant withown fiancial resources and then will own
and operate the plant for ten years and sell waigreed minimum quantities) of a specified
quality, to the Government at a rate ficxed aftéelinational tendering. On the other hand the
Government is oblidged to buy the specific minimgwuantities of water. At the end of the ten-
year period the plant ownership shall be tranfécethe Government at no additional cost, with
the Government having the right to buy the plariofeethe end of the ten year period, as it was
the case with the Dhekelia desalination plant.

2.3.2 Domestic Water Supply

Currently, the Government Water Works cover moag 80% of the total domestic demand for
potable water and industrial demand. Water is segmn a bulk basis to the Town Water Boards
(Nicosia, Limassol, Larnaca, Famagusta, and Pafdshicipal Authorities and Community
Boards. The share of water supplied by Water Botimasigh the development of own resources
is very low (approximately 1% for the Nicosia WaRward and less than 30% for other Water
Boards). Water resources allocated to domestiprmsédded either by the WDD or by the Water
Boards or individual users include:

e Surface water from dams, treated in water treatrplamts;

¢ Groundwater, from public and private boreholes.
Recently, desalinated water is purchased by theefBavent on the basis of Build-Own-Operate-
Transfer (BOOT) contracts from private companieiciv have undertaken the construction and
operation of the two major desalination plants bEkelia and Larnaca airport.

Water Boards, Municipalities and Community Boards @esponsible for the water distribution
works within the boundaries of their jurisdiction.

2.3.3 lIrrigation Water Supply
Almost half of irrigation demand is supplied dilgchy Government, through the Government
Water Works. Approximately 60% of the irrigationnd@end occurs within the Government
Irrigation Schemes supplied by:

e Surface water from the pertinent dams, which ctutses the main water supply source;

e Groundwater, abstracted from public and privateboles;

e Recycled water, which is partly stored in Polemgdtiam and consecutively used in the

Germasogeia / Polemidhia Irrigation Scheme.
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Irrigation water supplies in Cyprus are managed ldal Irrigation Divisions, formed by
landowners, and to a lesser extent by Irrigatioso&gtions formed by water-rights owners. The
Government through the WDD provides freshwatereaycled water irrigation water on a retail
basis to farmers, or on a bulk basis to Irrigafiovisions and Associations.

2.3.4 Wastewater collection and treatment

Currently in Cyprus, the Sewerage Boards of Limb&saathus, the Joint Venture of Sewerage
Boards of Ayia Napa and Paralimni, the SeweragerdBad Pafos, the Sewerage Board of
Larnaca and the Sewerage Board of Nicosia corestihg main service providers in the field of
sewerage collection, wastewater treatment and atyein

Most industries are self-supplied in terms of wastter treatment, since according to the current
institutional framework industries should pre-trabeir effluents before discharging to the

sewerage system. However, a number of industrieacterised as significant with respect to
their effluents, discharge to the Government Céltastewater Treatment Plant of Vathia Gonia
of the Nicosia District and to the treatment plah¥/ati in the district of Limassol. Charges are

estimated individually, according to the type antlme of effluents.

2.3.5 Recycled water

Recycled water is a resource that has been giv@easing attention during the last few years,
due to water supply restrictions applied to irigatuse. According to the current institutional

framework, the services of sewage collection ambrsgary wastewater treatment fall under the
responsibility of Sewerage Boards. However, theesage projects that have been developed
include in addition to the sewage networks, a edisgd treatment plant at tertiary degree of
purification. By Decision of the Council of Minigte the cost of the tertiary treatment of the
treated effluent (both capital and operation anthteaance), which renders the water suitable for
irrigation of almost all cultivations, except foregn leaf vegetables, is undertaken by the
Government. The Government has then the right tectisuch water to its systems for the

irrigation of tree plantations or hotel gardens,vwadl as any other use requiring non-potable
water.

2.4 Legislation

Cyprus, as Member State of the EU, has the redpibitysto review the status and particularities
of its water resources and develop its own natiomgllementation strategy for the Water
Framework Directive (2000/60/EC). In Cyprus thevisimns of the Water Framework Directive
have been transposed into national legislationutjinothe Water Protection and Management
Law 13(1)/2004, which was adopted by the House eiri@sentatives on February 5, 2004.

The Water Development Department (WDD) is respdasfor implementing the legislative
requirements relating to water resources. The nudojective of the policy is the rational
development and management of the water resourfe€yprus. In this context, the
responsibilities of the WDD are wide and diverséodlsws:

e The collection, processing and classification ofdrmogical, hydrogeological,
geotechnical and other data necessary for the stodiyntenance and safety of the water
development works;
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e The study, design, construction, operation and tenance of works, such as dams,
ponds, irrigation, domestic water supply and segerschemes, water treatment works,
sewage treatment and desalination plants; and

e The protection of water resources from pollution.

The “Water Protection and Management Law[13(I)/300drovides for the elimination or
reduction and control of water pollution in Cyprdisr the best possible protection of natural
water resources and the health and well-beingeoptpulation. It also provides for the protection
and improvement of the environment and the animdl glant life in water. The Law defines
"what is waste" and vests power in the MANRE arel Bmvironmental Service to control the
disposal of wastewater into the surface or undergptovater environment. Additionally, the law
contains provisions for the protection of the naltuvater sources from the disposal of wastes and
the pollution of water from industrial and domesaurces of pollution and wastewater treatment
plants. The MANRE and the Minister of Social Inswa and Labour (MSIL) can issue permits
for the disposal of wastes or treated wastes defitie method, quantities, frequency of disposal,
location and the concentration of pollutants. Thaisers can also appoint "Inspectors"” for the
examination of applications and the enforcememioiditions and control of the permits.

The “Water Protection and Management Law” provid® for the creation of the “Directorate
for Integrated Water Management” within the Goveeninto undertake the management of the
water resources of Cyprus. The major issues adehies®:

e The definition ofone responsible authority for the development and rgameent of
water resources, i.e. the Minister at the politiezkl and the Directorate Director at the
technical and legislative level;

e The compliance with European standards and theidemasion of both qualitative and
gquantitative parameters for water quality;

e The formulation of an Advisory Committee and theirdatorate for Integrated Water
Management” which will advise the MANRE on watesgarces management issues;
and

e The consideration of the European Union Framewoilediive and other European
directives related to water resources.

This creation of the “Directorate for Integrated tdfa Management” is promoted by the
“Responsibilities of the Directorate for Integratter Management Law”, which is expected to
be adopted by the House of Representatives ingaefoture’.

Additionally, there are six other important wataewt in force, and 15 other laws that include
provisions related to water. They form the basisesburce development, interaction between the
government and users, and the establishment of Veafr bodies. The legislation addressing
groundwater abstraction can be considered as plantig deficient, when taking into account the
significant degradation of several aquifers. llledelling of wells has been a quite common
phenomenon, with one case where almost 47% of wetie drilled without a permit. The
responsibility for monitoring compliance and illégaell drilling and control lies within the
District Officer of the Ministry of Interior. Tabl& presents the most important legislation for
water resources management and protection.

® The respective Bill is expected to be approvedheyCouncil of Ministers in 2007 and then it vk
presented in the House of Representatives to heposed to the “Responsibilities of the Directofate
Integrated Water Management Law”
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REFERENCE

FOCUS

CONTENT

SOURCE

Water
Protection and
Management
Law 13(1)/2004

Reduction and
control of
water
pollution

The Water Protection and Management Law
provides for the elimination or reduction and
control of water pollution in Cyprus, for the best
protection of natural water resources and the
health and well being of the population. It also
provides for the protection and improvement of
the environment and the animal and plant life in
water.

Official
Gazette of
the Cyprus
Government

The
Government
Waterworks
Law (Cap 341)

Groundwater
and Surface
Waters

The law governs more than 98% of the natl
water resources of the island and vd
underground water and all surface water runrj
to waste from any river, spring or water cou
and all other waste water to the State. The law
empowers the Council of Ministers to plg
design, construct, operate and maintain

waterworks for the purpose of taking or utilizi
water, or replenishing an aquifer or land drain
or protecting land from floods, pollution,

erosion using if necessary compulsory purch
powers, and to sell water at a price calculg

ur@ifficial
sxazette of
itlge Cyprus
r<Bovernment
als

n,

any

g

nge

Dr

ase

ted

according to provisions of the law and the

approval of the Parliament. It does not prov
anything on drought but provisions of the law g
power to the Government to deal under emergg
situations including drought.

de
ve
rncy

Wells Law
(Cap 351)

Wells,
Boreholes,
Sunks

The basic law gives the power to the Dist
Offices to issue permits for the sinking

constructing of wells or drilling of boreholes f
the abstraction of ground water. This law W
partly improved by the Water Supply (Spedq

icfficial
oGazette of
bthe Cyprus
dsovernment
ial

Measures) Law of 1964, which gave to the

Government the power to declare and de
special measure areas for groundwater prote(
against overexploitation.

ine
rtion
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REFERENCE

FOCUS

CONTENT SOURCE

The Irrigation
Division
(Villages) Law
(Cap 342)

Irrigation
Water

This law is administered by the respective Distfi@fficial
Officer who is empowered to form IrrigatignGazette of
Divisions, at his own instance or upon the writjethe Cyprus
request of not less than 10 land proprietors,Her tGovernment
purpose of carrying out irrigation works. Under

this law the water and the waterworks are linked

to the land and not to the proprietors. This law is

the third most important law and widely applied

for the construction of minor irrigation schemes.

The Government pronmotes the construction of

simple, small irrigation projects through this law

by providing subsidy to the capital costs and |for

the maintenance of works constructed under [this

law. Committees elected by the members of [the

Irrigation Division govern the irrigation Divisions
The Committee is responsible for the construction,
maintenance, operation and management of| the
irrigation scheme including the selling of water
and collecting the bills. The selling price of wate
is fixed by the committee and approved by fhe
Distric Officer.

Water Supply
(Special
Measures)
Law (32/64,
35/65, 17/75)

Water
shortage /
deficiency

The law empowers the Council of Ministers |tOfficial
declare an area under control on the condition [tiizazette of
due to exceptional circumstances a seriptige Cyprus
shortage or water deficiency exists or is likely| tGovernment
exist in the area, and that special measures &y th
conservation of water resources and maintenance

of water supplies are necessary for the puplic

interest. Under the Special Measures Law |the

Director of the WDD is empowered to refuse the

issue of a permit for the sinking or constructidn o

wells or drilling of boreholes for the abstractioh
groundwater if such action is to affect
gualitatively and quantitatively the groundwater.
This is the second most important law dealjng
with the protection of the groundwater.

The Irrigation
(Private Water)
Association
Law

(Cap 115)

Irrigation
Water

The law gives the opportunity for at least 7 owne@fficial

that have water rights to form an Association [f@azette of
the construction, improvement, maintenance| thre Cyprus
repair of any irrigation works related to theiGovernment
common water, including the selling of water and

collecting the bills.The selling price of water |is
fixed by the committee and approved by the
District Officer. The Government policy is not fo
promote the development of privately qwned
water rights and for this purpose it limits the
subsidy on such waterworks.
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REFERENCE | FOCUS CONTENT SOURCE
The Water Drinking The law provides for the establishment of Watéfficial
Supply Water Boards for the control and management of wat@azette of
(Municipal and supplies in municipal and other areas, under|tthe Cyprus
Other Areas) chairmanship of the District Officer. The lawGovernment
Law allows the creation of semi-governmental
(Cap 350) organisations (Water Bords) responsible for {the

development, treatment, distribution and selling of

potable water within the boundaries of inhabited

areas fixed by the Council of Ministers, for

domestic and industrial purposes includ|ng

tourism and recreational. The selling price | of

water is fixed by the Council of Ministers and

approved by the Parliament.
Water Drinking The law provides for the establishment of Villag&fficial
(Domestic Water Water Commissions for village water supply.|&azette of
Purposes) Village Commission is charged with providinghe Cyprus
Villages adequate supply of pure and wholesome watef Bovernment
Supplies Law the domestic purposes of the village and| to
(Cap 349) maintain such supply and any water wofks

connected therewith in clean and good condition

and repair. The District Officer administers this
law, and all requests for studies and construction

of water works are submitted to the WDD, wh
designs and implements the water projects.
responsibility for the management, operation
maintenance of the small schemes is with
village water commission headed by the Dist
Officer.

ch
The
and
the
rict

Public Rivers
Protection law
(Cap 82)

Public Rivers

Under this law, certain offences may be prescri
in relation to rivers declared to be ‘public’ byeth
President by Order in Council. Such offences
include break down or damaging any bank or w
of a river. Similarly by notice in the Gazette, the
District Officer can prohibit certain acts, such as
the removal of materials from the bed, bank or
wall of a river, the dumping of rubble or wasteail
river.

b&ifficial
Gazette of
the Cyprus

albovernment

Sewage and
Drainage Law

Sewage
effrluent and
drainage
water

This law provides for the creation of Sewd
Boards for the collection, treatment and dispq
of sewage effluent and drainage water (flo
from areas defined by the Council of Ministers
“Sewage and Drainage Law Areas”. The Sew|
Boards are responsible for the planning, des
construction, operation and maintenance of
works required. The Board is responsible for
construction,  maintenance, operation

gefficial
dahzette of
bthe Cyprus
dBovernment
age

ign,

all

the

and

management of the sewage schemes including the

collection of the bills for the services offerd.
service cost charged to the beneficiaries is

e
ade

up of two componenets, the fixed cost, whjch
represents the capital cost and the variable cpsts,
which represents the mainenace, operation, energy

and management costs.
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The most important law with regard to the managdménvater resources in the country is the
Government Waterworks Law. Nevertheless, it carcdigsidered that the law fails its purpose,

since it does not explicitly define one single adisirative authority having the effective and

overall responsibility for the management of waksources and waterworks. Instead, the law
bears the fragmentary nature of responsibility,clvhis a great impediment to the effective water
resources management.

Water management in Cyprus has met difficulties ttu¢he inherent legal and institutional
framework. Most of these problems have been ordibeussion table in the past 40 years, and
many proposals and legislation formulations havenbf®rwarded for ratification. Nevertheless,
the entry of Cyprus in the European Union gave & imapetus for addressing these problems;
however, up to this moment no final decisions haaen taken.

Most problems arise from the fragmentation of gigdon in the planning, design,
implementation and control of water resources mememt. The WDD is responsible at the
executive level for water management at the teahtewel and to this effect the situation is very
satisfactory. However, effective decision-makingpiementation of project and enforcement is
made difficult, as legal and management respontgsilrest with the District Office of the
Ministry for the Interior. These difficulties lead considerable delays in project authorization,
implementation and effective overall water managemd&hrough various laws, the District
officer is the controlling authority at the usevdé The WDD and the Department of Agriculture
assist the District Officer, as advisors in techhimatters. This is not considered as a satisfactor
arrangement because there is no single agencynsbpity. When there is conflict of interest
and purpose, the technical departments are unatdapport the implementation of agricultural
policies (even though agricultural policies shoblkel a major criterion in approving irrigation
water works) and to define domestic supply allarati

As however, presently changes are being considereéstructuring of the water industry in

Cyprus into a more unified set up or single inititw is expected. Some existing laws will need
to be reviewed and a new water code will have teracted, covering all functions associated
with water in its widest context.
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3 ldentifying Focal Problems in Water Management

3.1 Constraints facing the water sector

Water management in the island has met difficulties to several constraints, summarized in
Table 9. Constraints can be grouped in four maptegories (natural, technical, financial,
administrative and institutional), and are furtbgplained in the following paragraphs.

Table 9: Constraints in water resources management

CATEGORY CONSTRAINTS
Natural Reduction of available water resources
Technical Non-effective exploitation of many water developrnsen

Linkage between sources of surface water and greated

Excessive use of dam water due to reluctance ingbeof tertiary treated
effluent

The currently adopted cropping patterns
Water losses in domestic water distribution network

Financial High investment costs for new water depeient schemes
Administrative and The effective and efficient allocation of the lietit water resources in
Institutional time and space and to the various uses

The difficulties in water pricing, especially theipproval and definition
of subsidy for irrigation water

The weakness of existing institutional and orgaional structures

Identification of conflicting points between the @it water policy and
the EU’s water policy and their successful harmatidn

The reduced interest of farmers towards agriculdure to lack of labour
and lack of effective marketing of agricultural duze

The need for integrated water management, in pdatithe linkages
between irrigation and municipal demand and supply

The need for demand management through water aomger

technologies, pricing, public awareness and wdkecation and
regulation

3.1.1 Natural Constraints

Reduction of available water resources due to prgéxl droughts and climate change

Figure 15 presents the annual rainfall in the bl the last 30 years. The statistical analyéis o
records available over the period of hydrologioadns 1916/17-1999/2000 demonstrates that the
precipitation time series display a step changeshift around 1970. The time series can be
divided into two separate stationary periods, \ilig mean precipitation of the period 1987-2002
being lower than the mean precipitation of periédé:1987.
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Figure 15: Mean annual rainfall for Cyprus (1987 — 2002)

Figure 16 presents the differences between themhtyontean of the two periods, for the whole
island. From the figure, it can be educed thatdberease ranges from 20 to 140 mm and is
observed mainly during the period December to Fatyru

Difference = Meal g,¢17.19507- M€8N 1970711900100

(mm)

Region C

H-100t0 -80
M -120t0-100
M -140t0-120

Difference
N . (mm)
egion
¢ O -40t0 -20
o PSP Region F O -e0to -40
O -80to -60
0

Figure 16: Differences between the mean of monthly precipitation for the two periods (1916-1970
and 1971-2000)

3.1.2 Technical Constraints

Impacts to aquifer recharge resulting from dam ¢orion

One of the impacts related to the construction tdrge number of dams, was the significant
reduction of natural recharge in downstream rivarlaguifers, due to the cut-off effect. At
present, this reduction is compensated through daleases aiming at artificial recharge.
However, this has not been the case in the pastyfaws, due to the adverse hydrological
conditions (Table 10).
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Table 10: Artificial recharge from dams (2000 — 2004)

Dam Artificial Recharge (hm?)

2000 2001 2002 2003 2004
Kouris 0.071 0.07 2.6 1 1.9
Germasogia 2.56 4.3 7.6 6.6 6.2
Arminou 3.5 5.2 2.4
TOTAL 13.7 12.8 10.5

The currently adopted cropping patterns

The current cropping patterns include water intengirops such as citrus (70,893 da; water
demand 51.9 h#), deciduous (24,809 da; water demand 17.3 hative trees (19,847 da; water
demand 8.5 hi) and annual crops (fodders — potatoes — greenbousmpen field vegetables)
(118,724 da; water demand 65.5°hposing a heavy burden on the water demand irataa.
These cropping patterns should be substituted legth water demanding crops such as flowers,
aromatic plants and winter crops which rely morganfall.

Water losses in domestic water distribution netwdrkainly in the rural areas);

Water losses in the domestic water distributiomvoekts, mainly in the rural areas, are quite high

in the region. The unaccounted water in the malrmmirdomestic supply distribution networks is

estimated to be 15 to 20% and about 20 to 30%errdhal areas. Therefore, an additional effort
should be made for detecting and replacing defegtipes and for establishing a more conscious
attitude towards precious water.

3.1.3 Financial Constraints

High investment costs for new water developmerdrsel

At present, all economically attractive sites fandconstruction have been exploited. From the
engineering side, it is possible to construct mbi@yever the venture would entail significant
investments, and it is estimated that the resultrager cost would be higher than the water cost
corresponding to the already developed infrastrectiAdditionally, the cost of utilizing
alternative water sources, such as desalinatioaaycled water is even higher.

3.1.4 Administrative and Institutional Constraints

Ineffective and inefficient allocation of limitect&r resources

Almost 60% of available water resources are culyersed in the agricultural sector, which has a
minor contribution (less than 5%) in the overallio@al wealth. The issue is further complicated
by the traditional two-tiered nature of water rghusers of water systems owned by the
Government pay the established tariff, while owr@ravells do not pay. Under such conditions,
an increase in water tariffs of the public systesnsound to encourage further overexploitation
and mismanagement of groundwater. The conceptufyegmong farmers depending on surface
water distribution and those depending on groundm@bes not exist. The realization of a policy
of uniform water rates over the island remainsfficdit problem.
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Difficulties in water pricing, especially with reghto the approval of tariffs and the definition of
subsidies for irrigation water

@I»

The introduction of higher irrigation water pricedways provokes opposition of the politically

strong agricultural lobby in spite of the fact thiwe increase is accompanied by various
compensational financial measures. The lobby’sraem is that agriculture is important because
it ensures the supply of strategic food and rawenels to the nation and for social and even
envirobnmental considerations agriculture shouldusther subsidized and nor penalized with
higher water prices.

Weaknesses of existing institutional and orgarrati structures

The co-operation between different agencies andcsar for the management of water resources
can be considered adequate when taking into acebantifferent approaches and goals set by
each. However, the fragmentation of responsibildg caused many problems in all sectors. With
one department being in charge for water manageraernthe executive level (WDD), the
technical situation is very good. However, effeetilecision-making, implementation of works
and legislation enforcement remain difficult, agdke and management responsibilities are
allocated to the District Officers. These diffidelt lead to considerable delays in project
authorization, implementation and overall water aggment.

Through various laws, the District Officer is thentrolling authority at the user level. The WDD
and the Department of Agriculture assist the Dis@fficer in an advisory capacity on technical
matters. This cannot be considered as a satisfaatcangement, because multiple authorities are
responsible.

For example, the District Officer by Law, is respiire for the issue of drilling and water use

permits. Usually but not always, the advice of ¥Mater Development Department is requested.
This has repercussions both on the managemene @lghifers but also on agricultural activities.

The District Officer (Ministry of Interior) is thehairman of the Irrigation Divisions and the

Town Water Boards, while the representative ofWheter Development Department participates
as advisor. Although there is generally good coaip@m among the District Officer and the

Technical Departments of the Ministry of AgricukurNatural Resources and Environment,
frequent conflicts of interest do not allow for timeplementation of clear policies. This in turn

may result to a hon-sustainable management of ssgeater resources.

It is broadly recognized that this fragmentatiospexially at user level where the WDD is only

an advisor, has many disadvantages. This situatierpected to change with the creation of the
“Directorate for Integrated Water Management”,tagds discussed iBection 2.4 which will be

the only national authority with the responsibility undertake the management of the water
resources of Cyprus.

Identification of conflicting points between thepdgt water policy and the EU’s water policy-
Harmonisation issues

The implementation of the Water Framework Directid®FD) in Cyprus is in progress.
Specifically, an implementation programme has bgepared, where required actions has been
defined according to the milestones set by the EU.

Contacts have been established with each EC WoKRiogip, with the intention of monitoring
the work carried out. Particular importance hasnbegven to the first stages of the
implementation of the Directive, which are consakrcrucial and important for its effective
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implementation. The responsible authority for tiplementation of the Directive is the Ministry
of Agriculture Natural Resources and Environment.
The two “Lead Agencies” which will methodically ingment the requirements of the Directive
are the Water Development Department and the Emviemtal Service. Other departments will
be involved according to the issues under condgidera
The most significant implementation problems whaite foreseen in relation to the existing
conditions in Cyprus include:
¢ Insufficient quantitative and qualitative data whiare required for the initial crucial
steps in implementing the Directive;
e Lack of a rationally organised national network faronitoring and collection of
information, as well as the lack of a unified daisd
o Difficulties in the co-ordination among the respibies authorities and all the other
involved agencies;
e Limitation of sufficient expertise and approprialuman potential and necessary
technological means;
e The attitude of water users;
¢ High implementation costs;
e Fragmentation of responsibilities, jurisdiction dadk of a unified Water Authority;
e Particular difficulties due to extended periodsdobught and the fact that the WFD is
more adapted to the large water basins of Europe.
e The reduced interest of farmers towards agricultlure to lack of labour and lack of
effective marketing of agricultural produce;
e The need for integrated water management, in pdattiche linkages between irrigation
and municipal demand and supply;
¢ The need for demand management through water adngeechnologies, pricing, public
awareness and water allocation and regulation.

3.2 Identification of focal problems
3.2.1 Sharing water

Pollution from upstream sources
Three are the main problems related to the enviemtah condition of surface waters:

e Discharges of dangerous substances (industrialtpmi),
e Oxygen demanding and microbial pollution compouraasl
e Nutrient pollution from agricultural sources.

These are further explained in the following pazagdps.

Discharges of toxic substances

Toxic substances may potentially affect the watetids which are subjected to pressures from :

Intensive industrial activities,

Waste disposal sites,

Mines (abandoned or active), and

Storm water discharges near the large cities anttimstrial areas.
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The size of industries in Cyprus, according to rthpduction rate and consequently to their
wastewater flow rate, is rather small to moderateen compared to the size of corresponding
industries in most European countries. Nevertheladarge number of small or medium size
industries are spread all over the country. As loarexpected, most of them are developed in
areas near major cities, Nicosia, Limassol, LarrsachPafos.

@n

Another potential source that could cause pollutbsurface waters and is mainly related to the
presence of heavy metals (e.g. Fe, Cu, Zn, Mg, &l®, the mines (either abandoned or in
operation spread all over the island). These araténl at Skouriotissa (sub-catchment 3-3-4), the
Kato and Ano Amiandos villages (sub-cathment 9-6K3lavasos (sub-catchment 8-9-7), Sia
and Mathiatis (sub-catchment 8-4-1), Kapedes (sthenent 6-5-2), Agrokipia (sub-catchment
3-7-2), sub-catchment 3-3-1, sub-catchment 3-5-d aunb-catchment 2-3-4. Those dump
accumulations areas are drained by a deep streswyind first into Trimiklini dam and finally in
Kouris dam reservoir. The main water quality prafdeof water bodies receiving those effluents
and drains are related to acidity, heavy metals (t¢ Zn, Mg, Ni), high salinity and high
chemical oxygen demand, which reduce concentrabbdgssolved oxygen.

With respect to solid waste, current practice ime@slmostly uncontrolled or in some cases semi-
controlled dumping of municipal solid wastes in mdhan 80 waste disposal sites spread over
the country. The waste disposal sites can cong&ibuthe pollution of surface waters, although
the pressure is more significant to groundwatecdses where the waste disposal sites are close
to surface water bodies the impact is increased.Wdter bodies potentially at risk are located to
watersheds of Chapotami (1-1), Diarizos (1-2), Xefb-3, 2-4, 3-6, 8-6), Chrysochou (2-2),
Kochina 2-5), Serahis (3-7),Gialias (6-5), Ammodbes(7-1), Liopetri (7-2), Tremithos (8-4),
Germasogeia (9-2), Garilis (9-4), Kouris (9-6), Andu (9-8).

Storm water discharges may also have a significdloience to the surface water quality near the
large cities, Nicosia, Limassol, Larnaca, and Pafws industrial areas of each watershed and the
national airport of Larnaca. The water bodies urmessure are located to the sub-basins 6-1-2,
8-3-2,, and 9-4-4.

In Cyprus the EC Directive 76/464 related to thetgction of the aquatic environment from the
discharge of dangerous substances is in forceeflsaw the daughter directives, which specify
water quality objectives for dangerous compoundg. (ad, cadmium, hexachlorobenzene),
which have to be eliminated in the future.

Based on both the analysis of pressures and mimgjtdatd, only some rivers can be considered
at the risk (no dams/lakes or coastal waters) iihgathe objectives of the WFD due to the
presence of toxic substances.

Oxygen demanding and microbial pollution compounds

Oxygen depletion may occur in water bodies, whigh subjected to pressures from urbanized,
highly-populated areas and from livestock breedihéarms, which are located close to surface
water bodies. Furthermore, the sanitary landfild apecifically the organic matter that finds its
way to leach, as well as the industrial activitpnfr the industries that produce and dispose
conventional pollutants can also affect the watgality in the recipient water bodies in their
vicinity.

" Implementation of Articles 5&6 of the Water Framew Directive 2000/60/EC, Volume 4 “Analysis of
Impacts”, WDD December 2005
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Based on both the analysis of pressures and mimgjtdata, both rivers (Xeros, Pediaios, Gialias,
Voroklini, Aradippou, Tremithos, Argaki tou PyrgoGermasogia, Garylis, Akrotiri, Kouris) and

dams/lakes (Polemidia dam) are at the risk ofrfgilihe objectives of the WFD due to oxygen
depletion.. These risks mainly originate from tbkofwing sources:

e The 5 urban centres (Nicosia, Limassol Limassotnhea, Pafos, Agia Napa) which
affect watersheds 3-6, 6-1, 6-5, 8-1, 8-2, 8-4, 9-2, 9-4, 9-5 and 9-6;

e The waste disposal sites of Kotsiatis, Vati, AgiarMouda, Larnaca and Agia Napa,
which affects watersheds 6-1, 6-5, 9-5, 1-4, 8atl, &2 (Figure 17);

e Industrial activity near the urban sites and trdustrial areas (Figure 18).

River Basin District Cyprus
Watersheds
(number indicates code)

Hl | akes

Rivers

10 0 10 20 Km
e el

Figure 17: Waste disposal sites in Cyprus
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Figure 18: Significant industrial point sources
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Nutrient pollution from agricultural sources

Nitrogen and phosphorus pollution may potentialifect tose water bodies which are
subjected to pressures from agricultural activi@dtivation of land or livestock breeding).
Based on both the analysis of pressures and mongtdata, the areas with increased loads of
nitrogen and phosphorous are located in the eagtatrof Cyprus. In this part, the cultivated
land corresponds to approximately 70% of the totdfivated land of the country. On the
other hand, the central and western part of thentcpuconsists mainly of forests, which
account for 73% of the total forest area of thandl and therefore are characterized by
significantly lower nutrient loads. More specifilgalincreased loads prevail in basins 1-3, 3-
6, 3-7, 6-1, 6-5, 7-1, 7-2, 8-1, 8-2, 8-4, 8-7,, 84, 9-5, and 9-6.

Areas with intensive animal breeding activities atgeo located in the eastern part of the
island, and influence basins 3-6, 3-7, 6-5, 7-4,8hd 9-5. Breeding of pigs is more intensive
in 8 villages, where 70% of the pig population encentrated: Orounta, Aradippou, Kato
Moni, Meniko, Paliometocho, Monagroulli, Akaki, aid@rsefanou. In the Larnaca region the
recorded intensive animal breeding is relatedltbvalstock types.

On the basis of both nutrient load and monitorirrgadanalyses, rivers (Kargotis, Xeros,
Serachis, Pediaios, Gialias, Voroklini, Aradipopduemithos, Germasogia, Akrotiri and

Kouris rivers), dams/lakes (Asprokremmos, Achnan@esogia, Polemidia and Kouris dams)
and coastal waters (Limassol, East of LimassolsMiss, Cape Pyla to Paralimni) face the
risk of failing the objectives of the WFD due totment pollution. Those risks affect

watersheds 1-3, 3-3, 3-6, 3-7, 6-1, 6-5, 7-1, 8-2, 8-2, 8-4, 8-8, 8-9, 9-1, 9-2, 9-3, 9-4, 9-5
and 9-6.

Insufficient water quantity

The significant drivers and pressures that are etied to water quantity are summarized in
Table 11, and are further analysed in the followpagagraphs.
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Table 11: The significant pressures related to water availability in Cyprus

Pressure

Importance®

Description

Droughts and
climate change

Very Important

Water scarcity is exacerbated by large inter-annua
variations that can result in two, or even three,
consecutive years of drought with rainfall below
300mm. During the last 30 years a considerable
reduction of mean annual rainfall has been
experienced in the island (approx. 20%) resulting i
45% reduction of runoff.

Uneven distribution
of rainfall

Important

The variation of rainfall is not only regional talso
annual. Average annual rainfall is 500 mm but \gri
from 300 mm in the central plains and the SE pafrtd
the island to 1100 mm in the Troodos mountains n
550 mm in the Kyrenia mountains

\1%

Conflicts between
urban and
agricultural use

Less important

Competing demand and the dynamic competitive
tension between agriculture, urban growth includin
tourism, and the environment are challenging the
existing water management practices in the island.
The subsidized water price for irrigation water
compared to the full cost recovery for domestiquyy
does not promote healthy competition and water
conservation measures.

Increased water
demand for
irrigation and
tourism during
summer

Very important

There is a pronounced seasonality of demand pea
in the summer period due to increased irrigation
requirements and influx of tourists. Certain touris
destination areas experience considerable stress i
meeting the water demand. Tourism affects the
demand for water and sewerage infrastructure. 93

beds are concentrated along the coast. Tourist wafe

demand accounts for 21% of total domestic, munic
and industrial water demand.

ng

—

00

pa

Inter-basin water
transfer

Important

The built water infrastructure involves extensintei-
basin transfers in the south — south-eastern p#neo
island (the South Conveyor Project - SCP) andeén {
southwest to western part of the island (Pafos
Irrigation Project) allowing considerable flexilyiin
the water management in most areas of the island

-

lllegal drilling and
over-pumping

Very important

The present level of abstraction for all Cyprus is
estimated to be 130 Hrgear, whilst the total
recommended abstraction is estimated top be app
80 hnilyear. As a result during the last decade alm
all the groundwater bodies, except the river bedde
coastal water bodies are being overexploited

OX.
pst

8 According to the WFD reporting guidance, all sfigrint pressures should be addressed according to
their importance within the River Basin District§R) : Very Important, Important, Less Important.
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Pressure Importance® Description

Non-effective Important The need to achieve a sufficiently high interné iaf
exploitation of many return to have a sound project to finance, was
water development accomplished by including new lands for irrigation,
schemes creating thus a water demand that did not exitteat

initial stage of the project design

The need to achieve a sufficiently high interné iaf
return to have a sound project to finance,
accomplished by including new lands for irrigation,
creating thus a water demand that did not exisireef

Excessive use of Important Recycled wastewater acceptance for irrigationris fg
fresh water for from certain yet, especially when there is altéueat
irrigation due to the water available: early acceptance by the farmetsé
reluctance in use of tertiary treated effluent (because of the drought
tertiary treated watey period) subsided in the last few years becauseeof t

availability of fresh water from the dams.

Drought problems

Cyprus experiences droughts quite often. Statistinalysis of annual rainfall inland-wide
(Figure 15) shows that “dry years” (390 — 470 mml amost dry” years (390 mm and less)
can be expected to occur every five years. Deailitiy drought includes measures to reduce
water supply to users, conserve water and increager availability. Water allocation
mechanisms under drought conditions have beenpséb yprovide priority to maintaining
domestic and municipal water supplies. The secondrify is to maintain supplies to
perennial crops at 80% of the recommended appitdévels. Seasonal vegetable crops are
of third priority. Farmers are compensated forrémulting production losses.

During the dry period 1996-2000, a severe shoritagjee supply of water was experienced in
all sectors, due to consecutive years of low rdlinfdne available water in the major dams
had reached critical low levels and priority wasegi for the domestic needs. It has been
estimated that the available supplies of waterrguthis period from all the sources at the
areas covered by the Government Water Works wasverage 87.6 hinwhile the demand
for water was calculated to be on average 13§ bfrwhich 65 hm corresponded to towns
and villages and 80 hhto irrigation (Figure 19).
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Figure 19: Water demand & supply balance, 1996 — 2000

Due to the limited availability of water resourcesiority was given to cover the domestic
needs and in agriculture priority to permanent sramvering only portion of their water
demand. The water allocated to farmers was in #mge of 30% to 70% of the normal
demand, depending on the type of crop and theabitiy of water in each project. In some
projects the vegetable area was significantly redum order to save water and cover part of
the needs of the permanent crops. Various meastess implemented to face the drought
situation, such as water supply restrictions, dema@anagement and supply enhancement
measures.
Water supply restrictions were imposed on all sectors, leading to a ratinatdbn of water
consumption. Eventually, the water shortage was\vilas, FAO, 2002):
e 23,4% in the domestic sector;
e 37,6% on average in the agricultural sector;
=  49% within the Government projects (20% for theoBascheme in the west
and 29% for the SCP in the south and southeast).
= 20% for agriculture outside Government Irrigatia@h&mes (assumed value).
e 23,4% in the industry and animal breeding actisitie
These measures raised a number of objections faesious social groups, and especially by:
e Agricultural organizations, which demanded that fdmeners should be compensated
by the Government for the lost income to the uraldity or shortage of water,
e Hotel owners, who demanded that the tourist ingustould bear either none or a
very small restriction of water supply, and
e Environmental organizations which argued that reduthe quantity and timing of
supply of water may not be an effective measurpe@ally when compared to the
dangers these measures inherently have.
The adoptedlemand management measuresddressed to the two major water uses, i.e. the
domestic and the irrigation sectors:

e Domestic sector:
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= Subsidies for undertaking measures that could gawd quality potable water
(private borehole drilling, installation of gray tea recycling systems in
houses, schools, etc.);

= Distribution (free of charge) of sealed plastic &g be used as displacers in
toilet flush tanks;

= Reduction of the “unaccounted for water” in thetrilisition systems;

=  Amendment and strict implementation of Law 1/91jokhprohibits the use of
hosepipe for the washing of cars and pavements;

= Education and awareness campaigns for the neazhszive water.

e [rrigation sector:

= Subsidies for the installation of rain water cdiies systems at the roofs of the
greenhouses;

= Subsidies for the installation and use of improwadation systems;

= Application of a quota system for the allocationgofrernment irrigation water
in combination with penalty charges for over congtiam;

= No supply of water to new irrigation areas;

= Educational campaigns for better water use and tamopf new less water-
demanding crops.

The adopted supply enhancement measures were:

o Desalination:
= Expansion of the capacity of existing desalinatigant of Dhekelia from
25,000 n¥day to 40,000 riday;
= Acceleration of the process to built and operatewa desalination plant (west
of Larnaca) with a capacity of 52,000/day.

The main aim of the policy towards desalination waeliminate the dependency of
urban centres and tourist areas on the unpredityati rainfall, and thus ensure that
water is provided on a continuous basis to housishdlhe environmental NGOs,
however, were against this measure due to the Wigter production costs and
environmental concerns.

e Use of recycled water for irrigation. Farmers waméally reluctant to use recycled
water for irrigation, as this was the first timecyeled water was being used
commercially at such large scale. However, the easudter scarcity faded out the
objections.

o Emergency measures to temporarily increase the lysupip water for drinking
purposes in urban and rural areas. This includedsithking of wells, the requisition
of private boreholes and water transfer using pguesucks.

Uneven distribution of rainfall

Figure 20 displays the mean annual precipitatioar dhe 1970/71-1999/2000 period. As

previously explained, the maximum precipitation eisv are recorded in the Troodos

mountainous area with values reaching 1000 mm/gedhe top. The area receiving more

than 600 mm of rainfall per year is limited to edldgns greater than 500 metres a.m.s.l. on
the south-western slope of the mountain and toaéil@vs greater than 800 metres a.m.s.l. on
the north-eastern slope.
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Figure 20: 1970/71-1999/2000 mean annual precipitation in mm

The distribution of the precipitation through theay is similar all over the island (Figure 21).
Precipitation is recorded during the winter montiwhereas the summer months are dry.
Mean precipitation increases quickly from Augusatmaximum in December in the eastern
hydrological regions (6, 7, 8). In the centralgBand western (1, 2) hydrological regions the
mean precipitation reaches the maximum levels ineD#er and January. The decrease of
the mean precipitation is slower than the incresaspans over eight months from December-
January to a minimum in July-August.

WRegion 2 [@Region 1 WmRegion 9
[ORegion 3 [ORegion 6 [ERegion 8
- WmRegion 7

% of annual mean

0 L L L
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Figure 21: Average distribution of monthly precipitation through
the year for the period 1971-2000.

Conflicts between urban and agricultural use
Domestic use and irrigation are the two main watersuming sectors in Cyprus. Irrigated
agriculture accounts for about 69% of the totalavatemand whereas the domestic use,
which also includes the tourist and industrial dedsa corresponds to 25% of the total.
Table 12 presents the projected annual water denmahd? for the years 2005, 2010 and
2020. The estimates are based on the followingn@stsons for the per capita demand:

o 215 I/cap/d for main towns,

e 180 l/cap/d for villages, and

e 465 l/cap/d for tourist demand.
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Table 12: Projected annual water demand by main sectors (2000 — 2020)

Demand sector/Year 2000 2005 2010 2020
Agricultural Demand 182.4 182.4 182.4 182.4
Annual Crops 71.5 71.5 71.5 71.5

Permanent Crops 102.9 102.9 102.9 102.9
Domestic Demand 68.2 73.1 88.5 107.3
Inhabitants 50.6 55.1 59.6 69.5
Tourism 14.1 18.0 22.9 30.8

Industry 3.5 5.,0 6.0 7.0
Environment 12.5 14.0 16.0 20.0
TOTAL (hm 3/yr) 263.1 274.5 286.9 309.7

Although agriculture is the major water-consumimgter, it has a small contribution in the
national GDP (2.9% in 2004). On the other handrisou activities which consume only
about 6% of the total water demand, contributabeécGDP by over 20%.

As a result, and especially during drought periodajor conflicts arise between the urban
and the agricultural sector, which in turn resoltserious competition for the allocation of
scarce water resources. The situation is worsepalebsubsidized water price for irrigation
water when compared to the full financial cost xexry for domestic supply, as it is strongly
believed that this practice does not promote hgatthmpetition and water conservation
measures.

Increased water demand for irrigation and tourisaridg the summer period

There is a pronounced seasonality of domestic riig@dtion water demand, which both peak
during in the summer period, due to increased xnéititourists and the increased needs for
irrigation respectively (Figure 22).

This pronounced seasonality of water demand foh liges poses a serious problem to the
ability of the national water system to cover tregev needs.
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Figure 22: Seasonal water demand (irrigation and domestic water)
for the areas supplied by the Government Water Works
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Inter-basin water transfer

Existing water infrastructure involves large inbesin transfers in the South-South-eastern
(South Conveyor Project - SCP) and in the Southt\Wiesstern (Pafos Irrigation Project)
parts of the island (Figure 23). This allows fonslerable flexibility in water management
and allocation in most areas.

The Southern Conveyor Project covers the water ddrfa over 40% of Cyprus. The project
is a multi-basin, multi-unit, and multi-purpose d®pment scheme, which involves the
exploitation of both surface and groundwater. ite & to collect, store and redistribute the
runoff surplus of the south coast, for providingtevetor irrigation and domestic use to 80%
of the population in the southern and eastern afdasSCP project also supplies water to the
urban centre of Nicosia in the central part ofigt@nd. Water availability in the SCP amounts
to 65 hmi. Of this amount 26 hiris allocated to domestic use and 32°tienirrigation. The
principal infrastructure of SCP includes:

(a) The Kouris dam, with a capacity of 115 Hhm

(b) The Dhiarizos diversion (14.5 km), which transf2tshni/year from the Dhiarizos
river to the Kouris dam;

(c) The 110 km long Main Conveyor from the Kouris danthte Akhna terminal
reservoir,

(d) The Akhna terminal reservoir with a capacity ofré’h

(e) The Germasogeia dam with a capacity of 13.8 hm

(f) The tertiary treatment plant of Lemesos with a cidpaf 13 hni. Outflows are used
for irrigation, and potentially for the artificiaécharge of the Akrotiri aquifer;

(9) Irrigated areas of 13500 ha, with pressurized ibligion networks;

(h) Two drinking water treatment plants (with a capaoit 100,000rYd) which supply
potable water to several urban and tourist areas; a

(i) A telemetry system to monitor and operate the syste

The Pafos Irrigation Project, one of the major @ctg of Cyprus, had the main objective to
develop water resources in the Pafos district ier itrigation of the coastal plain between
Khapotami river and Ayios Yeorgios Peyias. Its ¢nngion was realized during the period
1976-1983, and included Asprokremmos dam (capa€iBa hnf) on Xeropotamos river, the
main canal and the western main conveyor, pumpiatipas, reservoirs, irrigation networks
and borehole schemes. At present, water from Aspnoinos dam is also used for domestic
supply, with water being treated in the respectiager treatment plant. The project will also
incorporate the dam of Kannaviou (Ezousa riveracip of 18 hm), initiating operation in
2008.
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Figure 23: Major Water Development Works in Cyprus

However, especially during the drought periods kctsf and demonstrations arise against
inter-basin transfers of water. Local farmers dedniafi coverage of their water needs before
any transfer is made.

lllegal drilling and over-pumping

lllegal borehole drilling and over-pumping is a oraissue, especially in the South-Eastern
part of the island, where groundwater reservesdaoavebut income from potato production is

high. The continuous over-pumping of aquifer reserto meet water requirements for

sustaining agriculture during the prolonged drought1996-2000 has resulted to their

depletion and significant sea intrusion in coaatplifers, has diminished of available reserves
and has reduced the yield of wells. Additionallye textensive construction of big surface
reservoirs has exacerbated the problem, as theaha&charge to the coastal aquifers has
been reduced, without being followed by an equdlicéon of pumping.

The present level of abstraction in Cyprus is adoLiB0O hni/yr while the total recommended
abstraction is estimated at 80 Hyn at the most. As a result, during the past decatimost
all groundwater bodies, except for riverbed coastals are being overexploited (Figure 24).
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Figure 24: Overexploited groundwater bodies

The majority of groundwater bodies experienceshstsuntial reduction in the yield of wells,
which in some cases is of the order of /b0 the yield during the previous decade. This is
the case for the Kokkinochoria aquifer (AquifernlFigure 24), where approximately some
5000 boreholes are in operation today. The yielthose boreholes has been reduced from
the average of 10 #h in 1980 to 1-2 rith in 2000. During the decade 1991-2000, the
average yield of boreholes used for domestic wsieply is estimated to be approximately
25 hnilyr. However, in the past few years there has eeeduction of the order of 5-7
hm?/yr, with the yield reaching a level of 18 — 20%ym.

Non-effective exploitation of many water develogrehemes

The existing water infrastructure has been the Iresti master-plans, extensive and
comprehensive feasibility studies and sound worlghgn

The implementation of Government Irrigation Schemesulted in the development of
irrigation in certain regions, which in turn credite water demand that did not exist before.
This development was based on the need to achisuffieiently high internal rate of return,
in order to have an economically sound projecirtarfce. However, this policy should have
been more prudent in view of the arid to semi-avadure of the climate of the island. In
addition, the design of water works did not tak® iaccount the drought periods experienced
in 1931-33 and 1970-73, assuming that the 40-yganial of average/wet hydrological years
was sufficient for the evaluation of the yield bétprojects.

Therefore, the design and evaluation of projects based on the assumption of higher yields
and consequently larger areas that could be igtghy each. Of course, these decisions were
not only based on economic evaluation but alsoreasures by political lobbies and the local
farmers. Further to that, the evaluation did notstder the change of cropping patterns,
which resulted in the adoption of water-intensiveps (bananas compared to table grapes).
The devastating results from the above planningewetft during the intense drought
experienced from 1990 and onwards.
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In other cases, the decrease of employment in gheudtural sector and the boost in the

tourist industry in certain areas did not allow fbe development of agriculture as planned;
thus the use of water works was limited. The phesrmn was aggravated by the reduced
export prices for certain agricultural productdaet that also proved that the market studies
performed during the feasibility studies were ndiaustive or insightful enough.

Excessive use of dam water due to the reluctanasiing tertiary treated effluent

Recycled water is a rapidly emerging alternativéewaource for Cyprus. Its use was initiated
in 1998, when approximately 1.3 frwere used in the area of Limassol. Since then, its
production and use has increased, and at the eR@0df almost 5 hirwere used, replacing
equal quantities of fresh water (Figure 25).
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Figure 25: Irrigation supply sources used in the Government Irrigation Schemes
for the period 1991 — 2004 (WDD, 2004)
However, the acceptance of treated effluent irgated agriculture is far from certain,
especially when alternative sources are availdlile.early positive response of farmers, due
to the drought of the recent years, subsided 2@, because of the high availability of
fresh water from the storage reservoirs.

The most serious problems are experienced durmgihter months, when irrigation demand
iS minimum or zero. The intention of the Water Depenent Department is to store the
guantities of recycled water produced during thentri either in storage reservoirs
(Polemidhia and Ypsonas reservoir in Limassol) roraquifers (artificial recharge of the
Akrotiri aquifer in Limassol and the Ezousas rivedtaquifer in Pafos), so that it can be used
during the peak summer period.

The recharge of the Ezousas aquifer is being imphted since 2003. However, this was not
the case for Akrotiri aquifer, due to the objecioof the Episkopi Local Authority. As a
result, large quantities of recycled water wereaggd in the sea of Limassol, depriving the
water system of a precious resource.

Therefore, at this point there is wide recognitafnthe need for alternative policies which

could strengthen the role of the recycled wategrihancing the urban and rural environment
(green areas, parks, forestation), supporting alwi@l water needs, and in recharging
groundwater reserves.
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3.2.2 Valuing water

Cost Recovery

The Government, through the Government Water Wtrls are administered by the Water
Development Department, is the main service praogdireshwater in Cyprus, providing
services to both domestic users, through the pmvisf bulk water quantities to Water
Boards, Municipal Authorities and Community Boardsmd through the provision of
irrigation freshwater on a retail basis to farmerspn a bulk basis to irrigation Divisions and
Associations.

The WFD describes that the assessment of costescawnd incentive pricing is required at

the river basin district scale for each categorydehtified water service. Since Cyprus has
been identified as one river basin distrigata for financial costs and cost recovery rates a

available at that level. Total costs for water gmw of abstraction, construction, regulation

and conveyance of surface waters, by means of @ages, channels and pipelines, and water
purchases from desalination units, as well as gheater resources provided by the WDD

have been estimated for 2005 to 42.1 million C£.

The cost recovery of water services is analysedlifferent uses, by considering storage and
main transportation, distribution, sewage collattiovaste water treatment and the
environmental and resource cost. The analysed wateices include:

o Freshwater provision to domestic use and irrigation through the Government
Water Workg’. The analysis for this case is conducted for alv&@nment Water
Works within the river basin district It should be noted that, according to the
current institutional framework, costs (and tajiffsr freshwater provision through
the Government Water Works constitute the majaiofaegulating the imposed end-
user costs, while the Government Water Works ctigresupply, more than 70% of
the total freshwater within the river basin digtribomestic uses in this case include
both households and industries, since both arécserthrough the same conveyance
and distribution networks;

e Urban wastewater collection and treatmentprovided by the Sewerage Boards of
Limassol-Amathous, Pafos, Ayia Napa, Paralimni baxhaca;

e Re cycled water provisionfor irrigation, through the Government Water Works.

The results that will be presented in the followitm not address water distribution through
Water Boards, Municipalities and Community Boards flomestic water supply and

Irrigation Divisions for irrigation water supplysawell as self-supplied services such as
private (mostly groundwater) abstractions, indastWwastewater treatment and domestic
septic treatment, for which no data exist.

° WDD, “Implementation of Articles 5&6 of the WatefFramework Directive 2000/60/EC —
Characterisation of surface water body types”, \tek Dec. 2004

1 WDD, “Implementation of Articles 5&6 of the Wateframework Directive 2000/60/EC —
Assessment of the current levels of cost recovéwater services”, Vol. 12, WFD December 2004

! Cyprus is considered as one river basin disfficiancial costs and cost recovery levels are eggitna
at the level of the river basin district.
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For domestic water provision (households, tourism, industries) through the Guwent
Water Works :

Financial costs show an increasing trend, mainby tduthe increase of operation and
maintenance costs. Although several instruments baen realised during the period
2001 - 2005, their contribution to the total cessirprassed by the augmentation of
running costs, attributed to the high share of liesi®d water in domestic supply
sources;

Environmental costs have minor contribution in tb&al costs, since groundwater
abstractions from Government water works are ordynglementary for public
domestic supplies;

Resource costs show a continuous decline, dueetdnttreasing water availability
conditions, which minimises benefits foregone fragmicultural water use;

After the tariff increase effected in 01/01/2004stcrecovery of financial costs is
improved, expected to reach approximately 73.1200b5.

Forirrigation freshwater provision through the Government Water Works :

Financial costs seem to be stabilised, since intn@@svernment Projects no
additional investments have been realised duringl20 2005. At the same time,
operation and maintenance costs are more or |essar;

Environmental costs make a minor contribution te tbtal cost, since groundwater
abstractions from Government water works are omgmlementary, and surface
water from dams is the main water resource used;

Resource costs are equal to zero, since from 200R aowards no deficit is
experienced in domestic water supply;

Currently after the price increase, recovery ofaficial costs has considerably
improved, reaching 67.4% in 2004, and projecteddproximately to 77% in 2005.
Cost recovery is expected to improve further by 7208hen irrigation tariffs will
reach the final price of 0.11C£7m

For urban wastewater collection and treatmenby the examined Sewerage Boards:

Cost recovery seems to be adequate; high rategeetsua minimum extent the
sustainability of the services provided and a gltyi to finance system expansions
without incurring extremely high additional costsconsumers;

It is generally recommended that a more detailsgsssnent is undertaken after the
completion of the majority of the projected seweraand wastewater treatment
projects, in order to be able to assess cost regavethe river basin district scale;

Forrecycled water provisionthrough the Government Works :

Recovery of financial costs is low, expecting taate only 15.1% by 2005. However,
the assessment has not taken into account theoaméntal benefits of recycled
water use, such as the reduction of urban effldestharges, and the mitigation of
water stress conditions.

In general after the pricing reform effected by tBevernment of the Republic of Cyprus,
recovery of costs for freshwater provision has inpd considerably. However, full cost
recovery is still not=achieved, a fact that conitéds considerably to the prolonging of the
non-rational (from an economic point of view) udettte scarce water resources; the water
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consumption in the agricultural sector (with a cidmition of only 4% to the GDP) is 75%,
whereas in the industrial sector (22.5% contributio GDP) the water consumption is only
1.5%.

Productivity of water uses per sector

In the global debate about increasing water sgareigjriculture is often associated with
inefficient, wasteful water u&e This is supported by its poor performance in eaf‘water
use efficiency”, a term that was defined as thio ta¢tween the irrigation water absorbed by
the plants and the amount of water actually withdrdrom its source for the purpose of
irrigation. The word efficiency, when its valuesignificant below 100%, implies that water
is being wasted. However, from a water balance peetsre, water not taken up and
transpired by the crop plants, even if unnecessasithdrawn from its natural course, is not
necessarily wasted. Unused water may be used fudtivenstream in the irrigation system, it
can flow back to the river or contribute to thehage of aquifers. Renewable freshwater is
only effectively lost when it evaporates from thal,sis fatally polluted or when it joins a
saltwater body.

This fact does not, by itself, deny justificatiohpsogrammes aimed at increasing water use
efficiently in irrigation. The adoption of waterssag technologies and improved water
management is justified by the needs of highertgqwithin irrigation schemes, higher
reliability of water service, reduced energy costases when pumping is required, and when
water withdrawal jeopardises the sustainabilitytltd ecosystems. Rather than water use
efficiency, the concept of water productivity iswiovidely accepted as a measure of
performance in agricultural use. By definition, guativity represents the output of any
production process expressed per unit of giventjnpuhis case water. In agriculture, several
types of output can be considered. In strict comitpgatoduction vision, the output is usually
expressed in volumes or value for a given agricaltproduction.

Figure 26° shows, for a selection of crops, an estimate ofewatquirements in mper
hectare and the value obtained petr oh water. It is evident that crops with high water
requirements, such as colokasia and fodder, yidmvavalue per mof water. Figure 26
shows, for the same selection of crops, the costatér, other costs (labour, financial, etc.)
and the benefit per hectare of the farmer. Nonh@fcrops presented in the example appears
to be particularly sensitive to the cost of wafEne water-greedy colokasia preents a high
benefit for a relatively small cost. Greenhouse dtwas appear to be profitable and little
affected by the cost of water but the high inciden€ other costs suggests that the farmer
may be running high risks. Therefore, in this casshift in market prices could lead to a
situation similar to that of french beans (largenmeater cost and financial loss). Citrus,
which account for 32% of irrigation water demanxhibit a low value-in-use of water and
modest net benefits, and invites to closer scrutirggricultural water policy.

Consequently, in a context of growing water scgraitd increasing water prices, a mix of
policies should foster agronomical research ancerskbn services, addressing a large
diversity of suitable crops. For the majority of allvscale farmers, support to collective

12 FAO and IFAD, Water : A Shared Responsibility apter 7 : Water for food, agriculture and
rural livelihoods.

13 Water Development Department & FAO, Reassessofehe Island’s Water Resources and
Demand, Synthesis Report, June 2002
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marketing arrangements can help to improve cropnpfg and reduce the undertaken risks.
With evolving EU policies, and as subsidies foriagture phase out, other subsidies

compatible or even supported with European policas phase in. These can be designed to
support the farming sector to produce high addédevéresh products for an increasingly

sophisticated services and tourism sectors, andnt@nce the role of farmers and rural

population in protecting and enhancing natural eamdronmental resources.

Cyprus: cost of water, other costs and benefits, fo r selected crops
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Figure 26: Water requirements in m* per hectare and the value obtained per m® of water
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Figure 27: Cost of water, other costs (labour, financial, etc.) and
benefits per hectare for selected crops
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3.2.3 Governing water

Fragmentation of responsibility

The Institutional setup as now existing is a ratt@nplex and bureaucratic system made up
of at least four involved Ministries on the poligrvel, 15 Government Departments on the
executive level, and a great number of Organisatiom the Water Users level either for

domestic water supplies or irrigation (see secfid?). Water laws are many and complex,

including dublications. These have been enactenh ftine to time in the past as needs

demanded, so as to cover the requirements of vanater-related interests and authorities,
without ever making an effort to group them togetinean organized form or code (section

2.4).

Society-driven conflicts

The conflicting and competing uses as a resulhefcurrent development pattern, pose great
pressures on water management responses. A gootgblexdemonstrating the complexity of
the issues to be resolved related to conflictind eampeting water uses, is the Limassol
region which is one of the main tourist destinagiam Cyprus, while agricultural production
in the area accounts for more than 25 % of thée frees, 6% of the vegetable and 20% of the
table grapes production of the country.

The subsidized water price for irrigation water pamed to the full cost recovery for
domestic supply does not promote healthy compatéind water conservation measures. As a
result, Moreover, there are demonstrations agaitest-basin transfers of water with the local
farmers demanding full coverage of their demandtaeény transfer is made.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level: PU 74/266



N
)

{

INECO o/

4 Stakeholder mapping

Public participation in planning and water manageime insufficiently implemented at the
local level. Four Farmers Unions, based on politaféiliation, are active members of the
Government Advisory Committee which advises the ider of Agriculture on agricultural
policy issues. They are also represented on allicAljural Marketing Boards and are
financed partly by the Government and partly by menfees. Public involvement is limited
and takes only place in water allocation decisimasle by WDD. However, WDD does seek
irrigators’ views when there is need for wateraaiing, particularly during droughts. There is
no formal procedure for consultations with farmeegarding water use. Consultations
regarding water use are made on the occasion ohiplg a new water scheme for irrigation,
based on surface water development or groundwatds consultation is made through
meetings with farmer-union’s representatives arithge chairmen of the particular area
involved. These meetings may continue during theigestage of such a scheme. On a
number of past projects, local farmers were givendpportunity of an in situ description of
the local water conditions and the scheme beingngld. Staff of the Water Development and
Agricultural Department usually carry out these dastrations. A somewhat similar
procedure is followed on the occasion of planslémal consolidation. Occasionally, the
project is also discussed at meetings with theidagntary Committee on Agriculture where
local Parliamentary Representatives may take pdaticinterest. Meetings with farmers’
representatives and local Water Boards are alse madhe occasion of drought measures
and rationing of water resources.

The WDD, the Institution of Agricultural Researahdathe Agricultural Department from the
Ministry of Agriculture, Natural Resources and thavironment, the Sewerage Board of
Limassol, the Limassol Water Board occasionally aoige seminars, workshops and
International Conferences in water related subjebish are open to the public.

4.1 Description of main stakeholders

The initial stakeholder mapping was done followipgjdelines and the experience gained
from past research projects. Table 13 and Tablgrédent the potential stakeholders that
were initially contacted.
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Table 13: Representative Citizen Groups, NGOs, Associations, Volunteers

Number of Groups Associations /Volunteers
Citizen groups 4
Consumers groups 1
Women unions ?
Small scale Farmers 10
Large scale Farmers 4
Hotel owners 50
Private company/Small Industry
Private company /Industry/exporters
NGOs (environmental organisations) 10
Associations of Farmers 4
Associations of Hotel-owners 1
Associations of Industries 2
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Policy Makers Name

Role/Main Activities in relation to water
management

Governmental Institutions

p

r-

Ministries Ministry of Agriculture, It has technical responsibility for water
Natural Resources and theresources policy, assessment and monitorifg,
Environment but also for development of water resource$
and for the bulk sale of water to end-users.
It is responsible for the enforcement of wate
related laws including the issuance of
groundwater permits
Ministry of the Interior
Regional District Administrations It plays a key role in the implementation an
Authorities enforcement of water-related laws including

the issue of groundwater permits. All

municipal water supplies and non-governm
irrigation schemes are in principle under thd
jurisdiction of the Ministry of Interior

Municipalities
Communities, Union of
Municipalities, Union of
Communities

Local Municipalities and

Responsible for water administration at loca
level

Other The Department of

Agriculture

It is a section of the Ministry of Agriculture,
Natural Resources and Environment. The
Department of Agriculture runs extension
services that advise farmers on irrigation
methods, fertilizers and other issues.

Environmental Service

It is a section of the Ministry of Agriculture,
Natural Resources and Environment.

Public Utilities

Water/wastewater Water Boards
utilities Sewerage Boards

Provide waterworks and sewage services

Related Services

JvJ

Water Water Development It is responsible for implementing the water
Department Department policy of the Ministry with objective, the
rational development and management of t
water resources
NGOs Association of the Active in developing environmental
Environmental awareness to the public through the
Organisations in Cyprus | sensitisation on the health and safety issue
Research University of Cyprus The University has managed scientific and

research studies in the scope of water
management and waste water reuse

Agricultural Institute of
Research
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4.2 Summary of stakeholder interests

Table 15 presents the interests, as outlined byefesentatives of the identified authorities. @ondetails for each institution/association axespnted in

the Deliverable’s Appendix.
Table 15: Stakeholder interests

Category/Group Interests in relation to water Potential impact to the application | Priorities of interest in relation to
management, provision and pricing | of institutional and economic water management (1-lowest to 5
of water services instruments highest)

(+, -, N/A)

Representatives of Groups, NGOs, Associations, Vaiteers

Cyprus Counsil of Business Women

Cyprus Consumer Association Water availability + 2
Water quality
Water tariffs

Cyprus Parents Association (elementarEducation + 2

schools)

Cyprus Parents Association (high Education + 2

schools)

Representatives of Stakeholder Associations

Union of Cyprus Farmers (EKA) Availability +/- 1

“Panagrotikos” Farmers Union Quality
Tariffs

PEK Farmers Union Waste water use

“Agrotiki” Farmers Union Aquifer r_echarge )

Best agricultural practices

Cyprus Hotel Association Water availability +/- 2
Water quality
Water tariffs

Union of Cyprus Municipalities Waste water +/- 2
Water Tariffs
Water Quality
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Category/Group Interests in relation to water Potential impact to the application | Priorities of interest in relation to
management, provision and pricing | of institutional and economic water management (1-lowest to 5
of water services instruments highest)

(+, -, N/A)

Union of Cyprus Communities Waste water
Aquifer recharge
Water Tariffs +- 2
Water Quality

Representatives of Governmental Institutions

Water Development Department Planning and water resources + 1
management infrastructure

Nicosia District Administration Water resources management + 1

Limassol District Administration

Larnaca District Administration

Pafos District Administration

Famagousta District Administration

Kerynia District Administration

Environmental Service Monitoring, environment 2

Agricultural Department Monitoring, environment + 2

Representatives of Water Utilities

Water Board of Nicosia Water supply services + 1

Sewerage Board of Nicosia Sewerage system + 1
Treated effluent

Water Board of Limassol Water supply services + 1

Sewerage Board of Limassol Sewerage system + 1
Treated effluent

Sewerage Board of Pafos Sewerage system + 1
Treated effluent

Water Board of Larnaca Water supply services + 1
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Category/Group

Interests in relation to water
management, provision and pricing
of water services

Potential impact to the application
of institutional and economic
instruments

Priorities of interest in relation to
water management (1-lowest to 5
highest)

(+, -, N/A)

Sewerage Board of Larnaca Sewerage system + 1
Treated effluent

Sewerage Board of Ayia Napa Sewerage system + 1
Treated effluent

Representatives of related services

Cyprus Green Party Monitoring, environment + 2

Representatives of Environmental NGOS

Environmental NGO | Monitoring, environment + 2
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1. Country overview

Water in Tunisia is not only considered as a nattesource, but also as an economic good and
political factor that plays a central role in figig poverty and fostering economic development,
political stability and development of collaboratibetween regions.

Natural water resources in Tunisia are relativetyited and equal to at 4.670 million*nof which
4.100 million nf are considered exploitable. The ratio of availatxeer resources per capita had been
estimated at 450 #rin 1996 and will decrease further to 315 im 2030. Thus, the country is
considered one of the poorest countries in ternmatfral water resources.

1.1 Physical characteristics

Climate Tunisia occupies an area of 163,900 kithe average altitude is 700 m, escalating

at 1544 m in the Chaambi mountain at the central phthe country. In the

northern part, along the coastline, the climateypscal Mediterranean, whereas at
the southern part of the country the climate isicigiy arid, causing a high

temporal and spatial variation in water availapiliThe average rainfall ranges
from less than 100 mm/yr in the south to more th&A0 mm/yr in the northern

part of the country. The average temperature visedéseen 11.4°C (December) to
29.3°C (July). The prevailing winds in the northgrart are westerly to north-
westerly. Wind speed is much lower in the southearnt, where the prevailing

winds are north-easterly, with Sirocco accompanigd Saharian dust being
frequent during the summer months. The annual dxeapspiration is equal to

1200 mm in the northern part of the country, 14@dgthe coastline, 1600 mm in
the central and raises up to 1800 mm in the sowti@iof the country.

Geomorphology 1 pisia presents diversified geomorphological chmstics, due to both the

and geology influence of climatic conditions, vegetation and thfluence of man over land use.
There is clear differentiation in the type of sdilstween the northern and southern
parts of the country. In the northern part, chaased by humid or subhumid
climate, most soils are clayey, whereas in the lks@ualls are characterised by
different types of saline accumulations (calcaregyps, slat, etc.).
RiverBasins  1ypisia is divided in 7 River Basin Districts, whiénclude several river basins
which are characterised by similar features:
e Basin 1 which covers the north-most part of Tunisia.
e Basin 2 which comprises Cap Bon watershed and the MilRRiver
e Basin 3which corresponds to Medjerda River watershed,istlte most
important river basin in Tunisia.
e Basin 4 which corresponds to the central part of the tgufZeroud,
Merguellil and Nebhana rivers)
e Basin 5 which comprises the Sahel of Sousse and Sfax.
e Basin 6 which expands from the limit south of the cenpaltt and the
Sahel up to the north of Chot el Jerid.
e Basin 7, which covers the south-most part of the countpyto Algerian
and Libyan borders.
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1.2 Demographic characteristics

In 2006 the population of Tunisia was estimated@imillion, exhibiting an annual growth rate of
1.12%. The average expected lifetime is equal td y8ars. The scholarization rate at 6 years of age
is 99%.

The rate of exploitation of available resourcesatipresent equal to 90% and over 20% of irrigation
equipment contributes to water saving in the agjtical sectorThe reuse rate of treated wastewater i
equal to 32%. 95% of the population is connecteithécelectricity grid; in rural areas, this perceyd

is equal to 88%. At the national level, potableavaupply is provided to 92.3% of population, and t
80% of rural population. In average values, potatd¢er supply is provided to 92.3% of the country
and to 80% in rural areas. 75.5% of householdcan@ected to public water supply networks; this
percentage drops to only 30% in rural areas. 8%07%ouseholds in urban areas are connected to
sewerage systems.

1.3 Brief description of main economic sectors

General The 2005 structure of the Gross Domestic ProdiiB(*) was the following:

Information e Services: 18.182 million TD
¢ Non-manufacture industry: 4.141 million TD
e Agriculture and fisheries: 4.334 million TD
e Manufacture industry: 6.523 million TD
In factor costs, the GDP was equal to 33.180 milli®® in 2005 and in market
prices it was equal to 37.202 million TD. At thereaperiod, The value of indirect
income taxes and subsidies was equal to 4.022millD. In 2005 the value of
total exports equalled 17.854 million TD, whereatalt imports accounted for
18.838 million TD. The 2005 per capita Gross NaloRroduct was equal to

3.530 TD.
The The main agricultural products are:
agricultural e Cereal production : average of 2 million tons/year

sector e Olive oil: 250000 tons

e Oranges: 250000 tons
e Dates: 100000 tons
¢ Vineyards: 500000 tons

The industrial The industrial sector comprises:

sector e Non manufacture industry, including Mines, EnerBigctricity, and Water,
construction and public works.
e Manufacture Industry: Food Industry, Constructioatenial and glass, Ware,
Mechanic and electric products, chemistry and ropliextile and leather.

Tourism sector The geographic position of Tunisia, its natural utgaand ancient civilisation
monuments boosted the development of tourism &etviThis development was
reinforced by the 40-year efforts of the state e public. In 2005, Tunisia was
the first African and Arab tourist destination thie Europeans. The total number
of visitors was estimated at 6 million, whereas thanber of overnight stays
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equalled 40 million. The revenue from tourism esteal at 2575 million TH.

1.4 Hydrological balance

In 1996 total water demand was estimated at 2,52®mm? and is expected to follow a tremendous
and continuous growth, following the socio-econongwelopment of the country. On the other hand,
the total volume of available resources, comprigiath natural and non-conventional water resources,
presents low variability and ranges between 4,060 4600 million M It is estimated that in 2010
exploitable resources will be equal to 4,600 milic®, whereas water demand is projected at
2,689 million nf.

Demand management constitutes an important axigtafe water policies, with the overall aim of
controlling the consumption of the different sesta@nd in particularly that of agriculture whichthe
largest consumer. Employed measures and toolsa@irdynbased on water conservation, water pricing
and rationalization of water use in agriculture.

At the end of 2002, the main water sources comprselarge dams, 182 small dams, 650 artificial
lakes, 3,176 boreholes, 130,000 wells and 93 natatzr springs.
In addition, and in order to assess and monitoemasources and quality, a monitoring network has
been established all over the country. This networisists of:

e 95 pluviometric stations

e 218 flow measurement stations in rivers

e 3.750 points of piezometric measurements and oagens

e 1.200 measurement points of groundwater quality

1.5 Inter-basin transfer

Inter-basin transfer is performed between nortlegions, towards the coast and from the western to
the eastern part of the country. Water is primaviged for domestic and irrigation purposes. The
conveyance network for inter-basin transfer is apipnately equal to 30,000 km.

Although at present the country does not experieaxteeme water shortage, there is an increasing
pressure on available resources due to accentdetedhts, pollution problems and over-exploitation

of resources which render difficult the current iden-making processes with regard to water

management.

Therefore, there should be a better understanditigese phenomena and promote (a) the use of non-
conventional water resources in order to meet potafter demand in deficient regions and (b) the
exploitation of additional resources for the depehent of economic sectors, and especially
agriculture.

“41TD=0.8 US$
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2. Institutional and financial context

2.1 Institutions and responsibilities

Table 16 presents the institutions with a role atew management and analyses their responsihilities
It should be noted that:

¢ Institutions 1 to 11 are placed under the authanitthe Ministry of Agriculture and Water
Resources

e Institutions 12 to 15 (ONAS, ANPE and CITET) operander the authority of the Ministry
of Environment and Sustainable Development.

e Institutions 17 (CRTE) and 18 (IRA) are placed unttee authority of the Ministry of
Scientific Research.

Finally, Table 17 presents the water resourcesnplgnmatrix, summarising the information already
presented in Table 16.

Table 16: Institutions and responsibilities

No | Authority Responsibilities
1 General Direction of | - Implements and manages monitoring networks foeréffit aspectp
Water Resources of the country’s water resources
(DGRE) - Monitors surface and ground water exploitation
- Elaborate on legislation regarding water resourqao@ation and
use

[oX

- Compiles and updates the inventory of availableewasources an
compiles the national report on water resourceanseexploitation

- Collects data and maintains the national GeograpMidormation
System Databases on water resources

- Processes and validates all relevant hydro-geolagiarmation
pertaining to the different river basins of the ciowy.

- Monitors the operation of hydrometric, piezometand waten
guality monitoring stations.

- Coordinates, compiles and disseminates all reporis water
resources

- Updates and maintains the hydrological database.

- Coordinates and monitors hydrologic, hydrogeologitd othen
relevant assessments for surface water bodie® iodntry.

- Provides expertise and assistance to regional/kghlbrities for thd
management of all data related to water resources and
exploitation

- Proposes appropriate principles and methods foernwagsources
exploitation and management, according to the ousapply and
demand patterns.

- Promotes research on the exploitation of naturé¢m@sources.

2 General Direction of | - Prepares strategic plans, formulates policies alathoeates o
Rural engineering and projects related to rural engineering and watewipion for the
water exploitation agriculture sector.

(DG/GREE) - Monitors and assesses projects related to thaiedgperimeters and

agricultural sanitation. It also maintains infrasture and hydrauli¢
equipment, and proposes appropriate technical atwhoenic
solutions for those areas.

- Rationalizes water use, promotes non-conventioraiemwuse ir]
agriculture, monitors institutional aspects for thmmation of
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No | Authority Responsibilities
interest groups, and assesses and implements nesits for
managing water demand in the agriculture sector.

- Coordinates rural infrastructure programs and assetechnical an
economic aspects in agriculture industrialisation order to
encourage the modernisation of the agricultureosect

- Coordinates, monitors and assesses the performahgmtable
water provision projects in rural zones.

3 General Direction of | - Prepares water resource assessments.
Dams and great - Elaborates management plans on the exploitaticurdfice waters.
hydraulic works - Elaborates assessments on water resources expluitat
(DG/BGTH) - Prepares feasibility studies on infrastructure farface wate
exploitation (i.e. large dams, conveyance netwoskeall dams)
and is responsible for their construction.

- Maintains large dams.

- Is responsible for the construction of infrastruetfor the protectior
of rural and agricultural zones from erosion.

4 National Company for| - Provides potable water all over the national teryit
Water Exploitation - Exploits, maintains and renews water abstractioonveyance
and Distribution treatment and water distribution facilities andwerks.
(SONEDE) At present, SONEDE is responsible for:

- The production, treatment and distribution of 3lifiom m3/yr of
drinking water, through a conveyance network ofCRDKm.

- Water distribution, operation and maintenance dfvoeks and thq
provision of drinking water to 1.4 million of custers.

- The preparation of feasibility studies with regaydvater works.

The company employs 7.500 people and is regiongfisesented in all
24 governorates.
5 General Direction of | - Develops plans and guidelines for the conservatdnnatural
Agricultural land resources (land, forestry, vegetation and water)
Management and - Proposes and promotes measures towards the ratisaaf natura)
Conservation resources
(DGI/ACTA) - Assesses land use.

- Performs soil and water analyses.

- Performs research in soil science.

- Controls land management.

- Ensures coordination between all institutions fesues related tp
land and water conservation.

- Elaborates plans on watershed management and emsieention.

- Controls and monitors land and water conservatiogrammes.

- Assesses land and water conservation managemegetsro

- Develops and promotes approaches for the consenvafi natural
resources and involves all operators in similaoré$fto ensure thefr
effective implementation.

- Manages, through its regional services, the cocttru of small
reservoirs (capacity of 50.000 to 200.000) mand water tablg
recharge infrastructure.

- Manages the protection of large dams from sedintientand wate
conservation projects at the watershed level.

6 Rural Engineering, - Promotes/performs research in natural and non cdiovel water|

Water and Forestry
National Research
Institute (INRGREF)

resources with emphasis on:
- Chemical, physical and microbiological analysisvater samples.
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No | Authority Responsibilities

- Irrigation water and irrigation methods

- Wastewater treatment and reuse technologies

- Water conservation

- Regulation and quality standards for wastewatesaau agriculture

7 Regional Department| - Assesses water resources at the governorate level.
for Agriculture - Monitors water resource use and realises irrigatimal potabld
Development water supply projects at the governorate level.

(CRDA)15 - Maintains and updates the respective regional datsbon wate
resource exploitation, use, water quality, avaligband allocation,
in line with the requirements of the National Infation System.

8 National Committee of Acts as a consulting body on issues related torwadgagement
Water (CNE)

9 Commission of the Acts as a consulting body on issues related torwassurces.

Public Hydraulic

Estate (CDPH)

10 Exploitation of - Manages all conveyance infrastructure (canals amgnppng
Conveyance Networks stations) along the Mejerda- cap bon and Jouninalsa
of the North - Supplies water to major institutions such as SONED&E CRDAS.
(SECADENORD).

11 | Surveillance Office of| - Draws up the inventory related to the monitoringvater resources
Hydraulic Resources | - Intervenes in the collection of fees from sand amder extractior
(BIRH) from rivers performed in the framework of public teraresource

exploitation and the sale of positive boreholes.

12 National Sanitation ONAS is the major agency dealing with the protectidthe water
Utility (ONAS)*® environment and pollution abatement, with the folloy aims:

- Eliminate water pollution sources in the areasirfgllunder thg
ONAS jurisdiction.

- Manage, operate, maintain, rehabilitate and cocistall facilities
intended for the provision of sewerage and wastewmeatmen
services in the towns assigned to ONAS.

- Promoting the distribution and re-sale of the bgeucts of
wastewater treatment, such as treated wastewateslashge;

- Planning and implementation of sanitation sectogmmmes.

- Planning and implementation of integrated projeeiated to thq
treatment of wastewater and the disposal of stoatemy

13 National Agency for - Participates in the elaboration of national strig®gon pollution

Environment
Protection (ANPE)

abatement and environmental protection.

Acts for the prevention and mitigation of all forr&pollution and
threats to the environment.

Acts in favour of rational exploitation of naturadésources fo
sustainable development.

Approves investment projects aiming at
prevention/mitigation and environmental protection.
Establishes regional offices in order to facilitatentact with
citizens and industries and ensure control and tmamg of the state
of the environment.

pollut

on

!> CRDA is a Regional Direction. There is one CRDAeith of the 24 governorates. Each of the General
Directions indicated above is represented in th®&R

'8 The ONAS manages a sewerage network of 12.771nkh82 wastewater treatment plants. In urban ateas t
overall sgwerage connection rate is estimated ,@@85whereas the volume of treated wastewaterualeq 201
million m>/yr.

Deliverable 3

Version: Final, Dissemination Level: PU

Date: 25/09/200

7

88/266



INECO

V'€

S

No | Authority Responsibilities
- Undertakes actions for raising awareness and pioghatsearch i
the field of pollution abatement and environmeptaitection
14 | Tunis International - Performs chemical, physical, microbiological analysf water
Centre for samples.
Environmental - Promotes wastewater reuse and improved wasteweatatment
Technologies (CITET) technologies.
- Provides training and promotes capacity buildingthe field of
water, water pollution and environmental protection
- Promotes know-how on desalination technologies.
15 | Groups of Hydraulic | - Formulates proposals on the common use of wateuress in its
Interest (GIH’ area of action (governorate).
- Expresses an opinion on management and water tdlngarojects
in the governorate.
- Controls owners and end-users associations
16 | Agricultural - Jointly manages water resources.
Development Groups| - Collects fees from water users
(GDAs)"® - Maintains water infrastructure and networks
17 Research centre for - Elaborates and applies strategic plans and guidaoceiments
science of Water related to the water sector in general.
Technologies (CRTE)| - Maintains and operates laboratories dealing withchemistry and
physical chemistry.
18 | Arid Region Institute | - Promotes water harvesting and water saving techiesoin arid

of Mednine (IRA)

regions.
Conducts experiments on water reuse for the
therapeutic and aromatic plants.

irdgatof

Y GIH are consulting agencies established in eagkrgorate and operate under the authority of theeGmr.
8 GDAs are mainly formed by farmers
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Table 17: Water resources planning matrix

ACTIVITY |DG/RE DG/GREE | BGTH SONEDE | DG/ACTA | ONAS | PRIVATE

Surface waters

Use X X X

Storage

Groundwater X X X
recharge

Diversion X X

Quality monitoring | x X

Assessment X X

Groundwater

Use X X X

Storage

Recharge

Quality monitoring | x X

Assessment X

Well permits X

Irrigation network

Rehabilitation X

Modernisation

Reuse

Drainage water X

Wastewater X X

Desalination

Introduction of X
technology

Efficient water X
utilisation

Domestic

Industrial

Agricultural

Legislation

Regulation and X X
codes

Standards X X

Policy setting

Water allocation X

Project financing

Project design X X X X X X

Project X X X X X
implementation

Operation and X X X X
Maintenance

Pricing (tariffs) X X X

Enforcement

Water data records| x X
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2.2 Legislation

Since the independence of Tunisia in 198& rapid water demand growth in the domestic,
industrial, tourism and specially the agricultusdctor, has forced the national authorities to
implement policies for the sustainable managemedtexploitation of water resources. This effort for
water resources mobilisation prevailed in the dgwelent of National Master Plans, along with the
need to mitigate the socio-economic impacts of gintaiwhich occurred during the last 15 years.

In this regard, Tunisia has engaged since 1990 rabitiaus program for the exploitation and

management of natural and non-conventional watssurees, through the construction of 21 large
dams, 203 off-stream dams, 1000 small reservo®, Rater spreading units, desalination units,
borehole and well drilling, wastewater reuse andi@al recharge of the water table. This strategy
aims primarily at safeguarding available resourpesyiding potable water to supply population needs
and maintaining agricultural production, thus prese the stability of the country’s economy.

All tasks related to water resources managemerfall under the responsibility of the Ministry of
Agriculture and the institutions placed under itgharity, such as DG/RE, DR/GREE, DG/BGTH,
DG/ATCT, SONEDE, CRDA's , as well as local develagmnhgroups of public interest.

At present, transboundary water managemenis realized by DG/RE for surface water. Few river
basins are shared with neighbouring countries,ranproblems have been encountered with regard to
their management. However, with regard to groundwaksources, Tunisia, Algeria and Libya
solicited the creation of “Sahel and Sahara ObserygOSS)”, with the aim to provide assistance in
the implementation of a concertation mechanism hd Aquifer System of the Sahara This
mechanism, which will start operating in 2007 viilve the main goal of providing an information
exchange and cooperation framework between theidtiges through the:

e Establishment of indicators on available water veses and water demand

e Elaboration of water resources management scerfaritise development of the basin.

e Strengthening cooperation and development of comrdatabases for information
exchange.

e Development and management of common monitoringarés for the Aquifer system.

Chapter 7 of Code des Eaux (Waters Regulationjomprises 46 articles addressing the issues of
pollution and flood control. Water pollution previem is effected through the prohibition of liquid
and solid waste discharges in water bodies, ttabkstment of protected areas in the vicinity ofeva
supply sources and the obligation for wastewateattnent in urban areas. In terms of flood
protection, the “Waters Regulation” requires thastaouction of infrastructure by the government,
development groups of public interest or by indinits.

Article 106 of Chapter 7 regulates wastewater rdnsagriculture, setting the appropriate quality
standards and the crops that can be irrigatedtretited effluent.

The largest water user in Tunisia is irrigation, which absorbs 80% of the country’s available
resources. The irrigated area is estimated at 80th@ctares, whereas irrigation demand is actually
estimated at 2.120 million inlrrigation water supply originates from large daroreholes and wells,
and wastewater treatment plants and is managdieb§RDA'’s and development groups.

Domestic water demand concerns urban, rural zasesvell as water sources in the Sahara and at
present is estimated at 350 millior?/ym. Water supplyis provided by SONEDE and the regional
public services (CRDAs and Development groups értiral zones). Industrial demand corresponds

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level: PU 91/266



iy
I.lll

\

INECO P
to 120 millions n¥yr approximately and tourism demand is estimate8Camillion nt/yr; both are
supplied by SONEDE.

Wastewater collection and treatment is managed pykdic company (ONAS). The ONAS is the
main utility responsible for the protection of wagsvironment and for pollution abatement. One of
the responsibilities of ONAS is the collection anglatment of wastewater. An estimated volume of
201 million n? of wastewater is treated the 83 ONAS plants.

Drought is a periodic and usual phenomenon in Taneways taken into account in development
plans and water projects. Thus, the country hasagehto overcome drought impacts over the last
decade, mostly as a result of appropriate managewiemydraulic works and socio-economic
measures, such as appropriate agricultural practioggation management etc. A practical drought
guidance document was elaborated in 1999, withaihe to inform the different user-groups and
institutions on appropriate measures for impa&vation and mitigation. This policy has helped the
country overcome problems in meeting water needsgwet and dry periods.

The regional services of DG/ACTA grant pumping awitation for water abstraction from small
reservoirs. These authorisations are often gratotéadividuals but also to user-associations, sugh
the Agricultural Development Groups and other managnt committees. The volume of water
allocated should not exceed 2/3 of the lake reseapacity. In case of collective use, the watecepri
is determined by the management committee or thelolement group.

Tariff regulation and water pricing is an important issue in the country. Water fagation is still
subsidised at a rate of 30%, allowing for the recpwof operation and maintenance costs. Costs
related to the renewal of equipment and importapairs in infrastructure are undertaken by the
government.

For potable water, an Increasing Block Tariff syste applied, according to quarterly consumption.
The water bill also includes a charge for wastewatdlection treatment. The first (social) block
(which corresponds to a minimum water consumptisn)imited to 20 m. The second block
corresponds to quarterly consumption between 207&nd’ whereas the third block is between 5 and
150 ni. For a quarterly consumption over 158time price per cubic meter is 6 times higher then t
one of the first block, in regions where SONEDBa@ subsidised by the state. The current regulation
system provides incentives for water conservat@mg recovers the management, operation and
maintenance costs of the networks operated by SEED

Table 18: List of Water Laws and regulations

Reference Focus Content Implementation
Status
Legislative Decree of| Water Emphasizes on the public hydraulic estatelmplemented
24 September 1885 | Resource including only surface and not groundwateduring the
Management | resources colonialism period
Legislative Decree of| Water service | Provides for the creation of a special wateimplemented
24 May 1920 provision service, the establishment of an agriculturaluring the

and industrial hydraulic fund and for the | colonialism period
establishment of a Water Committee

Legislative Decrees | Water Regulates the utilization and conservationldem

of 5 August 1933, 26| utilization, of public estate water and fixes the price

November 1936 and | conservation | for water use

24 March 1938 and pricing
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Reference Focus Content Implementation
Status

Legislative Decrees | Creation of Emphasizes on the regulation and Idem

of 30 July 1963, 11 | groups of organization of groups of associations of

January 1945 and 17| hydraulic hydraulic interest

March 1949 interest

Laws of 11 January | Water for Provides for the creation of public irrigatgdmplemented

1958, 26 June 1960, | irrigation perimeters and emphasizes on the role gfthrough the

27 May 1963 and 16 the government to develop agriculture | CRDAS

February 1971

Legislative decrees of Water for Emphasizes on the role of the farmers in| Implemented

12 March 1964 and | irrigation the creation, management and irrigation

Decisions of 19 July through privately built water infrastructure

1958 and of 12 March and in soil and water conservation

1964

Law no 75-16 of 31 | Law for water | Confirmes all regulations cited above ang Implemented

March 1975 resource introduced new elements for water

mobilization, | resources protection and utilization
exploitation The law consists of 9 chapters and 160
and protection| articles. These are further described belgw.

Chapter 1 Water Defined all components of the public

(comprises 7 resource hydraulic estate, which is administered by

articles) management | the Ministry of Agriculture and Water
Resources.

Chapter 2 Water Defined the perimeters for the management

(comprises 13 mobilization and water utilization, operations needed for

articles) and the granting of authorization from the

conservation | administration, regulated the instauration| of
protection zones for groundwater tables,
and identified the agents in charge of water
conservation and protection of the public
water estate

Chapter 3 Water Emphasizes on the replacement of privaie
(comprises 18 exploitation water ownership rights by rights of use apd
articles) describes on all actions required to obtain

such rights. The chapter focuses mainly pn
water springs and streams,

Chapter 4 Water Emphasizes on the identification of special
(comprises 12 exploitation zones in the water public estate and
articles) regulated their exploitation, which is

subject to a pre-authorization from the
administration.

Chapter 5 Water Defined all regulations and responsibilitigs

(comprises 34 exploitation for hydraulic works and concessions

articles) required for the exploitation of the public
water estate.

Chapter 6 Water use and| Emphasizes on water conservation, spegial

(comprises 21 water quality [ measures for consumptive and potable

articles) water use and measures for agricultural

use. Water use should be justified through
economic assessment in order to ensure|the
preservation of water resources both in
terms of quantity and quality.
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Reference Focus Content Implementation
Status
Chapter 7 Water quality | Includes regulations for addressing wate
(comprises 46 pollution and flood mitigation, and
articles) regulates treated wastewater use.

Conditions of treated water reuse in
agriculture are fixed by the Decree 89-
1047, which describes the parameters to|be
analyzed and the list of crops that can be
irrigated.

A relevant decision of the Ministry of
Agriculture describes in more detail the

list.
Chapter 8 Water Emphasizes on the creation and
(comprises 3 exploitation organization of user-associations and
articles) defined the tasks attributed to Groups of

Hydraulic Interest (GIH). Article 154 was
modified by the Law of July 6, 1987, whigh
redefined the activities of associations of
collective interest, called initially user-
associations.

Article 155 which was also modified by the
same law, determined the regulations for
these associations, which were approved by
the Decrees of 12 January 1988 and of 21
December 1992. The framework provide
associations with financial autonomy, as
financial management was previously
controlled by the government.

U7

Chapter 9 Water law Determines jurisdictions and penalties fof

(comprises 5 application breach of the statutory provisions of the

articles) water law (code) and the decrees for its
execution.

2.3 Financial Framework

Governmental authorities involved in the financiofgthe investments in the water sector consist of
the:

e Ministry of Finance,

e Ministry of Agriculture and Water Resources,

e Ministry of Environment and Sustainable Development

e Ministry of Public Health,

e Ministry of Scientific Research, and

e Ministry of Economic Development and InternatioGaloperation.

The implementation of the national water managems&ategy, formulated in 1990 and aiming at the
integrated development of water resources requarédtal investment of 2 billion US$. The funds
were made available through bilateral and multiteooperation programmes. Loans and donations
were offered for different projects related to watssources exploitation, land and water consesmati
sanitation, potable water production and agricaltwater management by many international actors
and agencies, such as the World Bank, the Europeammission, the Japanese Bank for International
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Cooperation, the African Development Bank, the nsta Development Bank, the European
Investment Bank, French Development Agency, GerBamk (KFW), German Cooperation Agency
(GTZ), Food and Agriculture Organisation of the tddiNations etc.

The contribution of the private sector in the fioigg and operation of water infrastructure is lexit

to the maintenance of installations by local Depaient Groups of collective interest and to soil and
water conservation structures consolidations byddamners. Farmers finance on their own the
excavation of wells and boreholes and are sometsubsidised by the government, when a permit
has been granted and the project has been appogwed authorities concerned.
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3. Focal Problems in Water Management

3.1 Constraints facing the water sector

Natural

Technical

Financial

Similarly to the rest of Southern Mediterraneanntdas, the main concern of
Tunisia with regard to water management is linkedlitoughts, their causes
and impact mitigation.

The probability of 2 successive dtyyears is relatively high (2-4 times/90
years in the northern and central part of the ayuwantd 6 times/90 years in the
southern part). The succession of 3 years is leBmg/90 years in the northern
part and 2-3 times in the central and southernspaftthe country). A
succession of 4 dry years has not been registestd Rainfall occurs
throughout the year but at times exhibits tempmistability.

The country is also affected by periodic floods,alihare often catastrophic
and supply additional water, which is difficultimanage.

The geologic formations of the central part of teeintry present high erosion
risk. The majority of surface run-off is lost toetlsea. Additionally, there are
phenomena of land degradation and desertificatiider dorrential rainfall
events.

One of the major problems in the country is theuotidn of surface water
storage due to sedimentation, which decreases ahes’duseful lifetime and
limits their capacity. The situation is aggravatey the arid climate and
torrential rainfalls, as well as the low vegetataansity.

Water supply is at times intermittent, due to théuction of available volume
at the distribution level, resulting from damagespumping equipment or
conveyance networks.

Excessive application of chemicals, fertilizers gmesticides in agriculture
results in water quality deterioration and pollatiaf groundwater resources by
phosphates and nitrates.

The uncontrolled discharge from developing indassectors may lead to the
pollution of rivers, water tables, lakes and the Isg liquid and solid wastes.

However, water pollution is still considered anideatal phenomenon and of
less importance when compared to water shortage.

Irrigation methods applied in certain regions s&Bult in overconsumption.

Earthquake risk is minor in Tunisia; however it gladobe taken into account in
the design and construction of large dams.

Water is an economic good and its exploitation khdae justified by the

economic output of water use. However, it is widelgknowledged that
priorities imposed by socio-economic consideraticosh as supply of potable
water and irrigation of crops of strategic impogashould be respected.

19 One dry year is defined as showing a deficit deast 40% compared to the average. It should tedrthat
for a very dry year this deficit can exceed 60%.
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The collection of fees from consumers is at timeslequate, resulting to the
lack of financial resources for the developmenugsiassociations.

Administrative and

L As a result of the current situation regarding s@gonomic development and
Institutional

intensive exploitation of resources, many improvetseshould be made in the
current water-related legislation, which focuses the exploitation of
resources, rather than demand regulation.

Lack of legislative measures promoting water coregésn.

Lack of legislation for regulating the constructiaf infrastructure and
improving the management of phreatic water tablgd) the overall aim to
protect groundwater resources from over-exploitatio

The open economy from one side and the scarcitiyeofesources on the other
are bound to create competition in water use. Whliseventually lead to the
establishment of water markets, allowing for theleitation of water by uses
of high value and cause a shift towards a more @oarally efficient water
allocation.

Transboundary groundwater resources are contralieéde national level, but
not by neighbouring countries yet.

There is need to orient the water sector towards:

e Decentralisation in water management and participaof water
users in decision-making.

e Integrated resource management.

¢ Resource conservation and environmental protection.

The inability to predict yearly rainfall variabilitcomplicates planning and
management of droughts or water abundance.

3.2 Identification of focal problems

Sharing water Water supply is subject to interruptions, due te teduction of available

supply at the distribution level. These more ossleaportant incurred water
shortages can have negative impacts on publicthehlé economy and the
environment. The risk of water shortage is due itbee the inadequacy of
infrastructure or to natural phenomena, such asnesdation in reservoirs or
successive droughts, which were not taken intowadda planning.

Rationalization of water use did not have notalffects on urban and rural
population consumption. Only small variations intevequality were observed,;
however required standards for potable water qualiere not exceeded.
Deficits in surface water are usually met throudie texploitation of
groundwater resources.

Groundwater resources in the coastal areas of eguffunisia often exhibit
high salt concentration and can be used only dfteir desalination or for
municipal uses such as irrigation of parks andrgsgaces and street cleaning.
Such reserves are often encountered in deep agjuBeploitation costs are
significant, when the piezometric level is deep Hrespecific yield is low.
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Agriculture is the main water consumer; the sitwatvill not be reversed up to
2030, and even if the growth of irrigated perimgtegmains low during the
period 2005-2030. In some regions, where at presggation remains an
important water use, irrigated agriculture may piszar due to the low
availability of water resources and the highly ealualternative land uses,
which are the main factors affecting the viability irrigated perimeters.
However, irrigated agriculture can still be devadpn other regions with high
water availability if a more economically efficierdallocation of other
production inputs is attained.

S

Tunisia is bound to face a deficit between expldéawater resources and
water demand. Such a deficit cannot be met threwagkr conservation or non-
conventional water resources, such as sea-watetinbison and wastewater
reuse.

Available resources in the country are more andemarinerable to risks
resulting from successive droughts and climate ghan

With regard to irrigation water pricing, up to 19Water was granted to
farmers free of charge, with the aim to encouragecaltural activities and

increase the value of agricultural land. Since 19tblic irrigation perimeters
are managed by the National Agricultural Developmétilities, established at
the governorate level or at the river basin le¥dl.present, the real cost of
water comprises operation and maintenance costs tlamdcosts for the

rehabilitation/renewal of infrastructure. The camtrgovernmental policy with

regard to irrigation water pricing aims primarily the recovery of operation
and maintenance costs. The aim is to ensure tlendial sustainability of

water utilities, while at the same time providetéetervices to farmers. In
1996, the recovery of operation and maintenancescosached a global
equilibrium at the national level, due to the reguincrease of 15% in
irrigation water tariffs since 1991. However, thecavery of operation,
maintenance and renewal costs did not exceed 60%.

Table 19: Comparison between regional water cost and tariffs (year 1996,
values in TD)

Region Cost Tariff Recovery (%)
North 0.079 0.073 92
Sahel 0.161 0.090 56
Centre 0.088 0.054 61
South 0.036 0.024 67
Tunisia 0.079 0.069 87

It is expected that future pricing policies forigation water will lead to the
intensification of agricultural activities in therigated perimeters and orient
farmers towards the application of water conseovatneasures.

Before 1968, water pricing was uniform for all usehfter the establishment
of SONEDE, a distinction was made between housshoddrist facilities and
the sugar, textile and steel industry. This appgigarevailed up to 1974, when
an IBT pricing system, distinguishing between comgtion blocks and user
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types was established.

Future pricing systems should maintain the concefgecial equity and access
to basic water services, such as sanitation antthhe®t the same time they
should not hinder economic development but also urensfinancial
sustainability of water service providers. The aggtion of appropriate pricing
policies may be beneficial in the exploitation o&ter in the agricultural,
industrial and tourism sectors agriculture, indusind tourism.

There is need for the reorganisation of SONEDE@NAS in order to ensure
their financial autonomy, allowing also for theyatisation of (some) of their
responsibilities. Such a reorganisation may besedlthrough the creation of
large hydraulic regions.

Governing Water  The government should concentrate on the resolufononflicts in water

allocation at the regional and sectoral level asdrihage from its role in intra-
sectoral water allocation.

There is some overlap in responsibility betweenewaiuthorities and water
institutions; however responsibilities are gengratomplementary and
coherently allocated.

Water sector investments are of national priogtyer since 1990, through the
elaboration of 5-year round economic developmeahsl At the time being
there is no problem with regard to the financingvater sector infrastructure.
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4. Stakeholder Mapping

4.1 Description of main stakeholders

4.1.1 Constitutional level

The governmental authorities involved in water tgses management are:

Ministry of Agriculture and Water Resources, which undertakes all tasks related to water
resource management and exploitation. The Minisbmntrols several institutes responsible
for the assessment, monitoring and evaluation démsources and for the construction,
operation and maintenance of water works.

Ministry of Public Health, whose central and regional services of the Minigifythe
Public Health are responsible for monitoring thealgqy of potable water and treated
wastewater used for irrigation, in order to prevamdl eliminate water-related diseases and
epidemics.

Ministry of Environment and Sustainable Development which undertakes through its
three institutions (ANPE, ONAS and CITET) all task$ated to water pollution and quality.
Ministry of Technology and Communication which controls the National Institute and
Meteorology, responsible for the monitoring of negtdogical, oceanographic and seismic
data.

Ministry of Scientific Research which controls the Research Centre on Water
Technologies and the Arid Regions Institute.

Thegovernmental institutions with a role in water management are extensivedg@mnted in Table 2.
In brief they are:

DGRE: General Direction of Water Resources

DG/GREE: general Direction of Rural engineering arader exploitation
DG/BGTH: General Direction of Dams and great hytcavorks

SONEDE: National Company for Water Exploitation didtribution
DG/ACTA: General Direction of Agricultural land Magement and Conservation
INRGREF: Rural Engineering, Water and Forest Natidesearch Institute
CRTE: Research Centre for Sciences of Water teolred.

IRA: Arid Regions Institute

CNE: National Committee of Water

CDPH: Commission of Public Hydraulic Estate

SECADENORD: Exploitation of Conveyance Networkglod North.

BIRH: Surveilling Office of Hydraulic Resource.

ONAS: National Sanitation Utility

ANPE: National Agency for Environment Protection

CITET: Tunis International Centre for Environmentaichnologies

4.1.2 Organisational and operational levels

Stakeholders acting at the organizational and dipes level are described in detail in Table 2. In
brief they are:

CRDAs: Regional Department for Agriculture Develaprh
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e GDA: Agricultural Development Groups

Table 20: Representatives of Citizen Groups, NGOs, Associations, Volunteers

Category/Group Name Number of Groups Population/interested parties
/Associations represented (in absolute and
/Volunteers relative numbers - %)

Citizen groups N/A N/A

Consumers Associations 1400 10%

Women unions N/A N/A

Small scale Farmers N/A N/A

Large scale Farmers N/A N/A

Hotel owners N/A N/A

Private company/Small Industry N/A N/A

Private company /Industry/exporters N/A N/A

NGOs (environmental organisations) N/A N/A

Associations of Farmers 570 15%

Associations of Hotel-owners N/A N/A

Associations of Industries N/A N/A

Hotel owners, NGOs, environmental 70 (mixed) N/A

organizations, small scale farmers etc.

Table 21: Policy Makers

Governmental Institutions

Role/Main Activities in relation to water
management

Ministries

Ministry of Agriculture and Hydraulic Resources

All tasks related to water mobilisation management

and regulation

Regional Authorities

CRDA'’s

Assess and monitor water resources in the regiorn
realize irrigation and domestic water, disposes of]
water resources projects data base in the region
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Table 22 outlines stakeholder interests. Contdotnmation is presented in the Deliverable’s Appendi

Table 22: Stakeholder interests

or

Category/ Interests in relation to water | Potential impact to Priorities of interest in | Relationship with other stakeholders (e.g. through
Group management, provision and | the application of relation to water partnership or conflict)
pricing of water services institutional and management (1-lowest
economic to 5 highest)
instruments (+, -
,N/A)

DG/RE Water management + 5 Partnership with SONEDE for raising awareness vatard
to water management issues

DG/GREE Water supply provision and + 5 Partnership with SONEDE and consumer associations i

pricing of water services rural areas for water management and distribution

DG/BGTH Water management + 5 Partnership with DG/GREE and SONEDE for water
provision for domestic and irrigation purposes

SONEDE Water supply provision and + 5 Partnership with DG/GREE, DG/REE, SECADENORDS {

pricing of water services water supply and pricing in the industrial, domesatid
tourism sectors.

DG/ACTA Water conservation + 4 Partnership with CRDAs and small-scale farmer datioos
to construct small dams (reservoirs) to supply wiethe
irrigation of small perimeters.

ONAS Water provision and pricing + 3 Partnership with DG/GREE, INERGREF, CRDAs and

of water services Ministry of Health to supply treated wastewaterifagation.

INERGREF Water research + 5 Patrnership with DG/RE, DG/GREE and ONAS to control
water quality

OTDE/ANPE | Natural resources and - 2 Partnership with CITET, ONAS, DG/RE and DG/BGTH tq

environmental protection

control water pollution
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1 General Overview

1.1 Country overview

The Arab Republic of Egypt is located at the Ndfdstern corner of Africa and, with an area of
almost 1,000,000 kmz2, occupies nearly 3% of thal tmtea of the continent. Egypt measures 1262 km
from west to east and 1073 km, between latitudear232 N (Figure 29). This latitudinal location
means that most of the country falls within Afrieary desert region, except for a narrow strip g@lon
the northern coast, which experiences a Meditearaiype of climate.

These, relatively favourable climatic conditiond)em compared to the desert areas of the south, have
led to a concentration of rainfed agriculture ie thorth-west coastal region. Egypt is predominantly
desert and only 5% of Egypt’s total land is cultecaand permanently inhabited.

Figure 29: The Location of Egypt

1.1.1 Physical Characteristics

Geography and Administration
Geographically, Egypt is divided into four regions:
= TheNile Valley and Delta including Cairo, EI Fayum depression, and Laksdda (3.6%);
= TheWestern Desert including the Mediterranean coastal zone andNibhe Valley (68%);
= TheEastern Desert including the Red Sea coastal zone and the higintains (22%);
= The Sinai Peninsulg including the coastal zones of Mediterranean,Gh# of Suez and the
Gulf of Agaba (6.4%).

The country is divided into 27 administrative Gowanates. These governorates and their total aeea ar
illustrated in Figure 30.
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Governorate Governorate Area
ID (km?)
GOVvo1 Cairo 457
GOV02 El-Giza 4840
GOV03 El-Dakahlia 3459
GOVo04 El-Sharkia 4190
GOV05 El-Beheira 9504
GOVO06 El-Gharbia 1943
GOVo7 Alexandria 2879
GOVvo08 El-Minya 2263
GOV09 Sohag 1574
GOV10 El-Kaliobia 1001
GOvil Assiut 1558
GOV12 Kena 12743
GOV13 El-Menoufia 2158
GOVv14 Kafr El-Sheikh 3748
GOV15 El-Fayoum 4949
GOV16 Bany Swif 9576
GOv17 Aswan 34608
GOV18 Demiat 1029
GOV19 El-Ismailia 4483
GOV20 Port Said 1351
GOVv21 El-Suez 25000
GOVv22 North Sinai 31000
GOVv23 Matroh 212000
GOVv24 New Valley 376505
GOV25 Red Sea 130000
GOV26 South Sinai 28438
GOVv27 Luxor City 55.4
Total Area (km?) 911311.4

Figure 30: Administrative Governorates in Egypt and the Total Area of Each Governorate

Geomorphology and Geology

The landscape in Egypt can be broadly divided finéoelevated structural plateaus and the low plains
which include the fluviatile and coastal plains giiie 31). These geomorphologic units play a
significant role in determining the hydrogeologiacantext of the country and natural constraints
facing population distribution. The structural platis constitute the active and semi-active watdrshe
areas, whereas the low plains can contain produdiguifers and are also, in places, areas of
groundwater discharge.

Altitudes (in meters)

- > 1500 m

1000 - 1500 m

500 - 1000 m
200 - 500 m
0-200m

<0m

Figure 31: Topography of Egypt
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Climate
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Egypt lays in the dry equatorial region, exceptifsmorthern areas which lay in the moderate warm
region, and have climate similar to the one of Mexliterranean region. The climate is characterized
by hot dry summers, while winters are moderate Virtited rain fall that increases in the coastaiear
Overall, the country can be divided into six climatistricts (Figure 32):

() (1) Mediterranean District: It extends along thedifierranean Sea with several
kilometres to the interior. In summer, the meangerature is about 28 while during winter
it is about 14C. This district is the rainiest (100-190 mm/yr).

(k) (2) Nile Delta District: It lies to the south ofetMediterranean District. The mean
temperatures are 13 (January) and 2T (July). In this district the annual average amain
rainfall decreases sharply to the range of 20-5@ymm

() (3) Sinai Highlands District: It includes the hightls of Sinai. The weather of this district
differs from other parts of Sinai in temperature aanfall amount. It is colder with a
minimum of 10C difference in temperature. Rainfall reaches theunts of the
Mediterranean district.

(m)(4) Middle Egypt District: It lies between CairochAssiut and extends up to the borders
of the country in the west and to the highlandthefRed Sea in the east. During the winter, it
is the coldest district, whereas the average teatyer in the summer is equal ta>@0on
average. Annual average rainfall is very limitedLxmm).

(n) (5) Upper Egypt District: It extends from the sooftAssiut to the southern borders. Rainfall is
rare and the difference between the day and neghpérature can exceed°C8(desert area).

(0) (6) Red Sea District: The region of Red Sea higldadtiffers climatically from other
neighbouring low lands, being colder and rainier.

Overall, summer temperatures are extremely higichieag 38C to 43C with extremes of 4€ in

the southern and western deserts. The northers amedhe Mediterranean coast are much cooler,
having a maximum temperature of°82 Around April, a hot windstorm, the “Khamsin”, eeps
accross the country. Its driving winds blow largaocants of sand and dust at high speeds. The
khamsin may cause temperatures to rise to as nau8&@, and hot winds can damage crops.

Mediterranean District
Nile Delta District

Sinai Highlands District
Middle Egypt District
Upper Egypt District
Red Sea District

Figure 32: The climatic districts of Egypt

Hydrology
The hydrogeological framework of the country corsesi six aquifer systems as shown in Figure 33:
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a) 1. The Nile Aquifer System, assigned to the Quaigrand Late Tertiary, which
occupies the Nile flood plain region (including @diand the desert fringes.

b) 2. The Nubian Sandstone Aquifer System, assignétet®alaeozoic-Mesozoic, which
mainly occupies the Western Desert.

c) 3. The Moghra Aquifer System, assigned to the Lawiercene, mainly occupying the
western edge of the Delta.

d) 4. The Coastal Aquifer Systems, assigned to theepnary and Late Tertiary, and
occupying the northern and western coasts.

e) 5. The Karstified Carbonate Aquifer System: asdigioethe Eocene and to the Upper
Cretaceous, which outcrops in the northern patthi®\Western Desert and along the Nile
system.

fy 6. The Fissured and Weathered Hard Rock AquifeteBysassigned to the Pre-
Cambrian, which outcrops in the Eastern DesertSindi.

@.

Coastal Aquifer

Nile Aquifer

Moghra Aquifer

Karstified Carbonate Aquifer
Nubian Sandstone Aquifer
Fractured Rocks Aquifer

BRC0NR

Figure 33: Surface Distribution of Main Aquifer Systems

1.1.2 Demographic characteristics

The total population of Egypt is estimated at ab&umillion people, with an average annual growth
rate of 1.91% (2005). The rural population corresjoto 58% of the total. The average population
density is 74 inhab/km2. However, approximately 9@f4he total population resides along the Nile
Valley and Delta. In those areas, population dgrnsiceeds 1,165 inhab/km?, while in the desert
regions it drops to only 1.2 inhab/kmz.

The following charts and tables present indicatetevant to the demographic characteristics of the
country, including education, life expectancy anartality and education.

Table 23: Population Indicators

Indicator 1991 2004
Population (million) 54.08 70*
Annual population growth rate (%) 2.28 1.94
Annual Number of household (million) 10.7** 15.1*

* Jan. 2005 ** 1992
Source: The Central Agency for Public MobilizatiordeStatistics (CAPMAS)
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Table 24: Life Expectancy and Infant Mortality Rate

Indicator 1994 2004

Life Expectancy (years): Male 64.2 68.4

Life Expectancy (years): Female 68 72.8

Infant Mortality Rate; less than one year (per sand) 30.8* 21.9%*
*1993/1994 ** 2003

Source: The Central Agency for Public MobilizatiordeStatistics (CAPMAS)

Infant mortality rate

lation
Pl less than one year

Million

80
70+
60 +
50 +
40 ¢
30 4
20 +
10 1

o

1991

T0.0

Jan. 2005

Par thousand
35

T
T
T
15 1
T

2304

2003

Figure 34: Population and Infant Mortality Rate Indicators (Source: The Central Agency for Public
Mobilization and Statistics-CAPMAS)

Table 25: Education Services' Indicators

Indicator 1991/1992 2004/2005
Total number of students (million) 13.6 19.6*
Students enrolled in pre-universities educatiorligmi 12.8 16.9**
Students enrolled in university and higher educafiillion) 0.8 2.5*
Number of classrooms in pre-university educatibosand) 309 436
Education expenditure as a percentage of GDP (%) 4 3. 6.1**

* targeted ** 2003/2004

Source: Ministry of Higher Education, Ministry oflication & Ministry of Planning
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Figure 35: Education Services' Indicators
(Source: Ministry of Higher Education, Ministry of Education & Ministry of Planning)
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1.1.3 Major Economic Characteristics
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Between 2000 and 2003, the national economy hasahaadverage 3% annual GDP growth rate,
experiencing a drop, as a result of Septemb8r fekent regional political instability and economi
reforms. This growth was insufficient to let theoeomy take off and unemployment, which is
officially 10.7% and unofficially exceeds 20%, hamintained its increase. However, a moderate
recovery has started in 2004, when GDP grew ateaafa3.7%. In 2005, economic growth reached
4.8%. The appreciation of the Egyptian Pound hadribmited to the drop of inflation rate (8.8% in

2005 vs. 11.3% in 2004).
Table 26: GDP Indicators

Indicator 1991/1992 2004/2005
Inflation rate - Annual average (%) 21.1 4.7*
Annual real GDP growth rate (%) 2 4.9**
Private sector's contribution to the GDP (%) 61.2 2%*%
Budget deficit / GDP (%) 6.4 5.g¥¥**
GDP at Market Prices (Current Prices) (L.E. biljion 139.1 558**

* July 2005 - the base year is 1999/2000 ** expdc *** targeted **** estimated
Source: Ministry of Planning, Central Bank of EgU®BE), Ministry of Finance and CAPMAS

Private sector's conirihution ) Inflation rate - Annual average
to the GDFP
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1
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Figure 36: GDP Indicators (Sources: Ministry of Planning, Central Bank of Egypt - CBE,
Ministry of Finance and CAPMAS)

Agriculture employs 35% of the active populatiorn @ontributes to 17% of the GDP. The main crops
are cereals, cotton and sugar cane. Egyptian hgyon reserves are significant, and in the long run
gas could replace oil, which is declining. In thamafacturing sector, the food processing industis/ h
developed considerably and now provides 17% ofGRd°. Maritime freight ensures 80% of the
country's exchanges. Tourism and rights of paseagfe Suez Canal are the country's main foreign
currencies resources.

Table 27: Other Economic Indicators

Indicator 1991/1992 2003/2004
Foreign currency reserves in the Central Bank (bifi$n) 10.6 14.8
Total outstanding debt (US$ billion) 32.6 28.9
Total external debt service / exports of goods &ises (%) 21 10.8*
Current account balance (US$ billion) 2.7 3.4*

* Preliminary Figures
Source: Ministry of Planning, Central Bank of EgU®BE), Ministry of Finance and CAPMAS
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Foreign currency reserves in Total external deht service / exports of
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Figure 37: Other Economic Indicators (Source: Ministry of Planning, Central Bank of Egypt (CBE),
Ministry of Finance and CAPMAS)

The Egyptian market has gradually been openingespecially after the signature of the EU-Egypt
Association Agreement in June 2001, which becarfextdfe in June 2004. The country’s top export
partners are India, the United States and the Wdiagdom. Its top import partners are the United
States, Italy and Germany. Egypt mainly importsstoner and capital goods, cereals and chemicals.
Overall, the national economy is based on agricejtindustry, income from the Suez-canal and
tourism, as well as petroleum.

In 2003, theagricultural sector accounted for 16.81% of Egypt's GDP and employeoua 31% of
the total labour force, of which 49% were female1B97, 99.8% of the total agricultural land was
irrigated, as even the more humid area along thalitefeanean coast requires supplementary
irrigation to produce reasonable yields. The adpucal sector is characterized by smallholdings:
about 50% of holdings have an area of less thah® (@ feddan). The areas under cultivation include
arable lands and those with permanent crops, gndgent a total area of 3,300,000 ha.

The agricultural sector faces a serious threat ffamrmland urbanization. It is prohibited by law to
construct any buildings on farmland without a liserfrom the Ministry of Agriculture and Land
Reclamation, and violators are prosecuted anddegeus penalties.

With regard to fisheries, the production of shshfi mollusks and cephalopods is estimated at
12,176 tons, whereas the production of saltwasdr i estimated at 129,896 tons. Production from
aquaculture is equal to at 309,576 tons.

Table 28: Agricultural sector indicators

Indicator 1991/1992 2004/2005
Cultivated area (million feddan) 7.1 8.3
Cropped area (million feddan) 12.5 14.6
Wheat productivity/feddan (ardab) 14.72 18.2
Agricultural sector share of GDP (%) 16.5 13.9
Value of agricultural production (L.E. billion) 3D. 96.5
Value of agricultural export (L.E. billion) 1.4 5.8

Source: Ministry of Agriculture and Land Reclamati& Ministry of Planning
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Figure 38: Agricultural sector indicators (Source: Ministry of Agriculture and Land
Reclamation & Ministry of Planning)
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Throughout the years, farming has drawn significaiténtion from authorities, which has led the
implementation of policies encouraging investmdotsimproving food sufficiency. With regard to
irrigation, investments are constantly increasingl997, President Moubarak inaugurated the project
for the development of the Nile Valley. This zomdth a total area of 100,000 ha, was formerly deser
and unexploited. Foreign investments are exempted faxes for the next 20 years, starting from the
early beginning of the exploitation.

Egypt is self-sufficient in almost all agriculturabmmodities with the exception of cereals, oil and
sugar. However, these exceptions make the coumiey @f the world's largest food importers.

Agricultural imports in 2001 included 4.4 millioorts of wheat and wheat flour, 4.7 million tons of
yellow maize, 0.6 million tons of vegetable oilda®4 million tons of sugar. On the other hand, the
main export crops were 53,000 tons of cotton, 43B!,bns of rice, 176,000 tons of potatoes and
37,000 tons of citrus.

Table 29: Crop-Yield Indicators

Crop Yield Surface Yield

(Metric Tons) (hectares) (hectograms/hectares)
Wheat 6,564,050 1,050,000 62,515
Rice Paddy 5,996,830 660 90,861
Corn 6,394,830 730 87,6
Potatoes 1,783,640 83 214,896
Watermelons 1,506,960 56 269,1

Table 30: Livestock Indicators

Source: Ministry of Agriculture and Land Reclamaiti

Livestock type Headcount
Ovine races 4,450,000
Goats 3,300,000
Buffaloes 3,200,000
Cattle 3,180,000
Pigs 29,5

Source: Ministry of Agriculture and Land Reclamatio

The geographic position of Egypt, its natural assetd old civilization have been the basis for the
development ofourism, where the combined effort of the State and thaipwvas concentrated. In

Date: 25/09/2007
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Alexandria, Luxor, Aswan and Sinai.

Table 31: Tourism Sector Indicators

&

2005 the total number of visitors was estimated®.@t millions. The main tourist sites are Cairo,

5
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Item 1991/1992 2004/2005
Number of hotels, tourist villages and floatingdist(hotel & village) 663 * 1207**
Number of rooms in hotels, tourist villages andfing hotels (thousand) 54.7 136.5%**
Number of tourists (million) 3 8.7
Number of overnight stays (million) 20.2 85.7

* 1992 ** until Dec.2004 *** until Dec.2003
Source: Ministry of Tourism
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Figure 39: Tourism Sector Indicators (Source: Ministry of Tourism)
Egypt is endowed with significant quantities of mn@ant metals such as phosphates, raw iron and oil.
The manufacturendustry consists of textiles, food processing, constructiaterial and glass, ware,
mechanic and electric products and chemicals. Téwe-nmanufacture industry consists of mine,
energy, electricity, waters, constructions and jgulsbrks.

Table 32: Industry Sector's Indicators

Indicator 1991/92 2004/2005*
Actual cement production (million tons) 14.9 32.5*
Actual reinforced steel production (million tons) .90 4.7*
Industrial sector share of GDP (%) 16.6 19.3**
Exports of manufactured commodities ( L.E. billion) 5 21.7*
Number of industrial zones 26 90*

* estimated ** targeted
Source: Ministry of Foreign Trade and Industry adhistry of Planning, CAPMAS
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Figure 40: . Industry Sector's Indicators (Source: Ministry of Foreign Trade & Industry
and Ministry of Planning, CAPMAS)

1.1.4 Hydrological balance

Overall, water resources are becoming increasiagiyce. Surface-water resources originating from
the Nile are now fully exploited, while groundwatesources are limited. Furthermore, the country is
facing increasing water needs, demanded by a yapidlwing population, increased urbanisation,
higher standards of living and an agricultural @phlvhich emphasises production growth in order to
ensure food security and sufficiency.

Water supply

Surface water resources are limited to the counsijare of the flow of the River Nile. In accordanc
with the terms of the 1959 Nile water agreementvben Egypt and Sudan, Egypt's present annual
share downstream of the Aswan Dam is 55.5 billién fhe High Aswan Dam, commissioned in
1968, provides inter-annual storage to guarantgelated water supplies, and this Nile Water
discharge constitutes more than 95 % of the tattbnal water supplies.

The Nile River enters Egypt at its southern boupdeith Sudan and runs through a 1000 km long
narrow valley, which varies between 2 and 20 krwidth. Then, it is divided at a distance of 25 km
north of Cairo into two branches (Damietta and Raydorming a delta resting with its base on the
Mediterranean shores (Figure 41). The lengths efthmietta and Rosetta Branches are 250 km and
239 km, respectively. The Delta expands from saothorth for about 200 km and its base is about
300 km long, from Alexandria to Port Said.
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Figure 41: The Nile, its branches and main hydraulic infrastructure

The rainfall is typical of arid regions, limitedreégular and unpredictable. This means that in the
North a few days of rainfall are distributed fronoWwmber to March. The mean annual rainfall of
18 mm ranges from O mm/yr in the desert to 200 mnm'ythe northern coastal region (Figure 42).
Rainfall on the Mediterranean coastal strip de@gasastward from 200 mm/year at Alexandria to
75 mm/yr at Port Said. It also declines inland bowt 25 mm/yr near Cairo and 1 mm/yr at Aswan.
Significant rainfall intensity is recorded on paofsRed Sea coast, and the most southern parteof th
country, on the boarder with Sudan, is marked witdse phenomena. Rainfall intensity of 500 mm/yr
in the neighbouring area has also been observed. total amount of rainfall is equal to
1.8 billion m3/yr in the aforementioned regions.
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Figure 42: Annual rainfall (mm/Year)
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The groundwater aquifer underlying the Nile Valiyd the Delta is entirely recharged and dependent
on deep percolation of irrigation water and seegagéhe irrigation system. Some limited renewable
and non-renewable groundwater reserves within tlest&/n Desert and Sinai are currently used and
the potential for future water supply depends sriitancial feasibility.

@I»

The Nile system below Aswan can be considered sedleystem with inflows only from the High
Aswan Dam. Outflows are crop evapotranspiratiom-rezoverable municipal and industrial water
consumption, evaporation, drainage of agricultwaler to the sea, and non recoverable inland
navigation water released to the sea. In this pets, groundwater extraction and reuse of dranag
water can be considered as options for increasiegoverall efficiency of the system and not as
additional resources. The exact nature and dethithese inter-relations are not clear yet. A new
factor that adds to the complexity of the issuéhes change in water quality, which are the focus of
research studies presently carried out by the Naltid/ater Research Center (NWRC).

Table 33: Water Resources

Source Available water
resources (km3)
Nile Water (including Jonglei —1) 57.50
Ground water (Nile aquifers) 07.50
Ground water (in desert and Sinai) 03.77
Drainage reuse in delta 08.40
Savings due to changes in cropping patterns 03.00
Irrigation improvement 04.00
Waste water use 02.20
Flash flood harvesting 01.50
Total 87.67

Source: Ministry of Water Resources and Irrigat{MWRI)

Water Demand

Most of the cultivated lands are located near tile banks, its main branches and canals. Currently,
the inhabited area is about 12.5 million feddang] #e irrigated agricultural land is about 7.85
million feddans (1 feddan = 1.04 acres). In 200@, average annual water fagricultural use was
estimated at 59.9 km3. Future agricultural watgumrements will address two types of needs: those
for the irrigation of existing lands and those tlogir expected expansion.

In 1997, two main land reclamation projects wermthed: (a) the one of El-Salam Canal (west of
Suez Canal) and El-Sheikh Jaber (east of Suez Camakd at reclaiming about 620,000 feddans and
(b) the EI-Sheikh Canal for reclaiming about 500,88ddans in the south of the New Valley. For

2025 agricultural water requirements are estimates9.43 km? in total.

The totalmunicipal water requirements was estimated to be 4.5 km?3 in 2000. A portiothefwater

is actually consumed; the remainder returns badkdosystem (either to the sewerage system or by
seepage to the ground water). For 2025, domestierweeds are estimated at 6.6 km@ustrial
water requirementsin 2000 were equal to 7.8 km3 and will increas&@d6 kms3 in 2025.

The River Nile and part of the irrigation netwomne also used fanavigation, when the discharge for
meeting other agricultural demands is too low bawjgles the minimum draft required by ships and
boats. At present, there are no particular relefasés/droelectricity production; release for irrigation
, municipal, industrial and navigation purposes @gulated by the High Aswan Dam, where the
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hydroelectric power plant is located. The wateumegments for the different water uses are presente

in Table 34, which also presents the corresponglinpections for 2025.

Table 34: Water Requirement for Different Sectors

Sector Demand in 2000 (km3) Demand in 2025 (km3)
Agriculture 60.7 69.43

Domestic water 4.5 6.6

Industry 7.8 10.56

Navigation 0.3 0.3

Total 73.373 86.82:87

Source: Ministry of Water Resources and Irrigat{MWRI)
1.1.5 Main Water Infrastructure

Dams

The High Aswan Dam (HAD) has been implemented dsng-term storage reservoir to ensure a
constant and regular inflow for both Egypt and Suddowever, the drought period that prevailed in
the region from 1979 and lasted for nine uninteledpyears has seriously affected the storage in the
High Dam Lake Reservoir. This motivated the Statedévelop different scenarios for facing the
probability of a recurrence of such a catastrophe.

e : ‘_?f"‘_ .'_-:1-* g ,";' 5

Figure 43: The High Aswan Dam (HAD)
Some of the alternatives were to consider reducasy,much as possible, rice and sugarcane
cultivation, to minimize water requirements forfdient uses, and to generate electricity during the

winter closure period.

Furthermore, the Government is studying alternatfee storing fresh water, which is discharged to
the sea during the winter months, and reusingritiffigation purposes. Along these proposals and
plans, new laws and regulations for water use anthke coordination between Ministries, authorities
and end-users are being considered. In order tushsfuture water policies, a Ministerial Committee
was formed, headed by the Minister of MWRI, andludg representatives from all agencies
concerned.

The Irrigation Systems

The farmland of the Nile Basin is dissected by mglex network of irrigation canals and drains. The
major irrigation canals originate from the Nile its Damietta and Rosetta branches, and are
repeatedly divided to bring fresh water to evesldi Smaller drains collect excess irrigation water
from farm plots and discharge it to larger drairigolu release their water into depressions, sutheas
Wadi Rayan in the Western Desert, or into the bshclakes of the northern Delta.
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There are efficient drainage institutions suppgrtihis programme’s implementation, research and
training aspects. The Drainage Research Institbittned National Water Research Center supports
research in the field of drainage, whereas therage Training Center deals with drainage technology
and applications. The Egyptian Public Authority forainage is the main organization dealing with

implementation of drainage projects.

Irrigable land is estimated at 4,420,000 ha. Thal tarea equipped for irrigation was 3,422,178rha i
2002; 85% of this area is located in the Nile aldend Delta. Rainwater harvesting is practiced in
about 133,500 ha in Matruh and North Sinai. Aligation is of full or partial control. In 2000, sace
irrigation was practiced on 3,028,853 ha, while ,270 ha were under sprinkler irrigation and
221,415 ha under drip irrigation.

Surface water was the supply used for 83% of thigated area in 2000, while 11% (361,176 ha) of
the area was irrigated with groundwater in the proes of Matruh, Sinai and New Valley. The
remaining 6% (217,527 ha) was irrigated with difgrsources.

With regard to drainage, the system of open drhasbeen under construction since the start of the
20" century, but the network did not solve the probleinwaterlogging and salinity. To overcome
these problems, subsurface drainage was found ssgedo control the groundwater, and a
corresponding National Drainage Programme has baered out over the last 4 decades. At present,
the drainage system consists of open drains, sdidgegudrains and pumping stations. In 2003, shghtl
over 3 million ha of the total irrigated area wehained, of which about 2.2 million ha with sub-
surface drainage. The sub-surface drained areasemis more than 65% of the total cultivated area.
There are 99 pump stations devoted to the pumgdidgainage effluent. The gravity-drained area was
estimated at about 1.65 million ha in 2000. Dragagter from agricultural areas on both sides ef th
Nile Valley is returned to the River Nile or mamigation canals in Upper Egypt and in the southern
Delta. Drainage water in the Delta is pumped bat irrigation canals for reuse, pumped into the
northern lakes or discharged the Mediterranean Sea.

Table 35: Irrigation infrastructure data

Indicator 1991/92 2004/2005
Length of uncovered canals (thousand km.) 29.1 23.2
Area served with covered drainage (million feddan) 3.8 5.5
Length of drainage (thousand km.) 16.7 21.5
Source: Ministry of Water Resources and Irrigat{MWRI)
Length of uncovered canals Area servel with covered drainage Length of drainage
Million feddan Thousand km.
Th
ousand ::'n.I 6 55 28 - o5
30 - 5 20 4
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5 1 5 1
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Figure 44: Length of Uncovered Canals and Area Served with Covered Drainage
(Source: Ministry of Water Resources and Irrigation)
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1.1.6 Transboundary water management
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Under the 1959 Nile Waters Agreement between Egpgdt Sudan, Egypt’'s share of the Nile flow is
55.5 km®/yr. The agreement was based on the avéliagef the Nile during the period 1900-1959,
which was equal to 84 km3/yr in Aswan. Average ahmyaporation and other losses from the Aswan
High Dam and reservoir (Lake Nasser) were estimatetD km?3/yr, leaving a net usable flow of 74
km3/yr, of which 18.5 km3/yr was allocated to Sudamd 55.5 km3/yr to Egypt. If conditions permit
the completion of the development projects on tipped Nile, Egypt’'s share in the Nile water will
increase by 9 km3. This amount includes 1.9 km3 hBdkm? respectively from the first and second
phases of the Jonglei canal project in southerra&utiwo other projects in the upstream swamps are
expected to provide 5.5 kms3.

In 1998, and recognizing that cooperative developgmes the best way to bring mutual benefits to
the region, all riparian countries (except for i@t which had only an observer status) joined in a
dialogue to create a regional partnership to fatdithe common pursuit of sustainable development
and management of the Nile waters. The transitiov&athanism, the Nile Basin Initiative (NBI), was
officially launched in February 1999 in Dar es @ataof Tanzania, by the Council of Ministers of
Water Affairs of all the Nile Basin States. The r&tavision of the NBI iSto 0 achieve sustainable
socio-economic development through the equitablizatton of and benefit from the common Nile
Basin water resources”

The first meeting of the International Consortiuon €ooperation on the Nile (ICCON) took place in
2001 in Geneva, Switzerland to celebrate cooperdteiween the ten countries of the Nile Basin and
to establish partnerships leading to sustainableldpment and management of the Nile River for the
benefit of all. This ICCON's first meeting was ajoramilestone for the NBI as it brought together,
for the first time, ministers and senior officidi®m Nile Basin countries with a broad range of
bilateral and multilateral donors and other intexdsparties from civil society, professional
organizations, the media and NGOs.

Finally, the vast Nubian Sandstone aquifer is shavéh the Libyan Arab Jamahiriya, Sudan and
Chad.

1.2 Overview of the Bahr-Basandeila Region

The Basandeila Region, the area selected for theementation of INECO in Egypt, is located in the
Dakahlia Governorate, and includes three largagds: El Hawadaia, Damlash and ElI Gawadia, in
addition to 16 smaller ones (Figure 45). The tetaa of the region is estimated at 5739 feddans,
whereas the cultivated area is estimated at 55@dafes, representing 96.3% of the total area. The
total population of the region is estimated at 4bbhabitants.

The total length of water canal network that cowbesregion, originating from the Bahr Basandeila
Canal is estimated at 12 km, whereas the lengtheofirainage network is estimated at 8 km.
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Figure 45: The location of the Basandeila Region

The main water resource for the region is Bahr Bds#a Canal, which receives water from Bahr
Shibin, from El Rayah El Abbassy Canal, from Datai@ranch of the River Nile.

Bahr Basandeila Canal is located at the end of Béfin Canal (Figure 46). This canal irrigates a
cultivated area estimated at 3000 acres in Basandi#iage (the main village irrigated by Basandeil
Canal), reporting a population estimated at 25,000.

The region experiences significant water qualitgbbems, similar to those encountered in the entire
River Nile distribution network. Waste disposal,atig use of pesticides, inadequate domestic
wastewater treatment, and uncontrolled dischargendstrial effluents have transformed open
waterways to repositories and conveyors of liquakt®, and have created major pollution issues. In
the region of the Bahr Basandeila Canal, waterupioh is mostly due to the discharge of industrial
and municipal effluents without prior treatment.

Furthermore, current agricultural practices, inolgdthe excessive application of fertilizers and
pesticides, result in high nutrient concentratiadns the canal surface water, and exacerbate
eutrophication and water quality deterioration.deaamounts of wastewater (domestic, industrial, and
agricultural) are discharged onto land, and from Bahr Basandeila canal end up in the Damietta
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Branch of the River Nile, posing a serious threathaman health, agricultural production, and the
river and coastal ecosystems.
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Figure 46: The location of the Bahr Shibin and Bahr Basandeila Canals
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2. Institutional and financial context

2.1 Overview

Water management falls under the responsibilitgesferal Ministries, the most important ones being
the Ministry of Water Resources and Irrigation (MY)/Rthe Ministry of Agriculture and Land
Reclamation (MALR), and the Ministry of Housing,ildies & Urban Development; (MHUUD).
Other ministries with a role in water policy forratibn and secondary water management operations
are the Ministry of Health and Population (MoHR)e tMinistry of State for Environmental Affairs,
and the Ministry of Local Development (MoLD)

The Government has indicated its intention to shifphasis from its role as the central (or sol&rac

in developing and managing water supply systemd, momote participatory approaches in which

water users will play an active role in the manageiof irrigation systems and cost sharing. In this
perspective, important institutional and legislatimeasures were recently implemented, in order to
promote the establishment of sustainable particigairrigation management (PIM) associations.

However, despite those efforts, the developmenivatier users’ associations (WUAS) as effective

partners in irrigation management remains at aly stage.

In the newly reclaimed lands, the concept of PIMas yet fully operational for a variety of econami
financial and institutional reasons. While mosttigarinvolved recognize the importance of WUAS in
the equitable distribution of available water, theven water availability, either due to deficiexscin
infrastructure design or to the slack enforcemémules against excess abstraction by front-enarvat
users, has in many cases been a disincentive Butloessful operation of WUASs.

There are numerous laws and rules prohibiting icewater use and abuse activities. Yet enforcement
remains weak. This is a principal institutional swaint to improved water management. MWRI
derives its legal mandate as the lead governméoi@y for the water sector from Law 12/1984 on
Water Management (primarily dealing with water &griculture) and Law 48/1982 on Protection of
the River Nile and its Waterways from Pollution.€eTMinistry of State for Environmental Affairs and
its subsidiary body the EEAA also exert consideraisifluence over water quality management
through authorities vested through Law 4/1994 owifenmental Protection. The principal laws
governing water management include:

e  Water Quantity Issues: Law 12/1984 and its supplementary Law 213/1994idmthe basic
legal structure for water quantity issues. Thebksv defines the use and management of the
public and private sector irrigation and drainagéwork structures, including main canals,
feeders, drains and tile drains. It also providegl direction for the use and maintenance of
public and private canals and specifies arrangesnésrt cost recovery in irrigation and
drainage works. In addition to Nile surface watelivery, the law also regulates groundwater
and drainage water; protection against floodingigetion; and coastal protection.

. Nature Protection: Law 102/1983 delineates nature protection areabids actions that lead
to destruction of the natural environment, inclgdimarine and freshwater, and proscribes
fines and penalties for violators. Under this Latwe Government can pursue damage
assessments for harms to the environment.

e  Wastewater Discharges into the Sewerage Systefpaw 93/1962 establishes standards for
wastewater discharged into the sewerage system.
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e Regulation of Water Resources and Treatment of Waetvater: Law 27/1978 regulates
public sources of drinking water. It instructs ammipowers the MHP to set standards for
potable water.

e Protection of the River Nile and Its Waterways: Law 48/1982 regulates the discharge of
waste and wastewater into the Nile and its wateswaryd sets standards for the quality of
effluents. The law establishes the responsibilitiethe MWRI and MOHP in monitoring the
quality of effluents discharged into the River Nf{end its associated drainage system, lakes
and groundwater) to ensure that water quality stedsdare met. Industrial establishments are
required to obtain pollution discharge licensedohd is required with the license application
and a fee of L.E. 0.1 (one piaster) per cubic mefteffluent is levied according to Article 82
of the implementing regulations. Under this Lawe tiOHP has the obligation to carry out
periodic sampling and analysis of wastewater anstavdischarge from establishments that
are licensed to discharge to waterways.

e  Environmental Protection Law: Law 4/1994 delineates the roles and responsilsilioé
EEAA, including its financing through the Environmial Protection Fund. The Law
authorizes use of incentives for managing the enmient and supports Law 48 regarding the
management of water resources.

The Government invests considerable resourcesenahd-reclamation programme. Investment is
primarily directed for irrigation and drainage wstructure, construction of agglomerations, and
provision of potable water, electricity and roadsry little is invested in social services (edueati
and health), and no investment is made in the piamviof agricultural services (technology, water
management and rural finance). Consequently, tbe fage difficulties in settling and farming, and a
considerable percentage returns to the old larfaEdoning their new farmland. Both MWRI and
MALR activities are considered public services dheir water and land development projects are
budgeted in the national economic and social dgwveémt plan.

2.2 Institutions and Responsibilities

This section presents in detail the institutiongolwed in water management in Egypt and their
responsibilities. A summary is provided in Table 86d Table 37. Furthermore, Figure 47 illustrates
the framework for water quality management in tbentry.
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Table 36: Responsibilities in Water Management

wl

AUTHORITY |RESPONSIBILITY

Actors under MWRI

Water Sector (WS) Distribute the surface water agrdifferent users
Groundwater Sector (GWS) Monitoring the depletiowlifferent aquifers.

Dams and Grand Barrage SectgrSafety and operation of dams and grand barrage.
(DAGBS)

Water Quality Units (WQU) Monitoring the water resoe quality.

Central Laboratory for Water sample and analysis, data processing angbiatation.
Environmental Quality
Monitoring (CLEQM)

Drainage Authority (DA) Assess the quantity of water to be reuse and ingréemind maintain
the drainage net works.

National Water Research Center Research concerning water resources developmemhandgement.
(NWRC)

Planning Sector (PS) To follow up with ministry of planning to ensuresthvailability of
budget for different activities.

Other Actors

National Organization of Potable Provide drinking water and Trent the municipal \eastter.
Water and Sewage Disposal
(NOPWASD)

‘ Water Quality Management ‘

Legal Aspects ‘

Monitoring Pollution Control
Lavws Prevention
| MoHUNC (Law 93-19620 Ambient Water e
MWRI (Law 48-19820 Inland: NWRC and EHD Agrq—cheimcals M
EEAA (Law 4-1994) ] Coastal: EEAA T Licensing MWRI
oasta’ ) Env. Action plan EEAA
NR.C/NIOF (spec. projects)
Standards Treatment
Inland Water MWRI Effluents Mumicipal:
—  Dnnking Water MOHP Compliance: MOHP | | NOPWASD/GOSDVAGOSDY
Coastal Water EEAA L Govermorates
Industrial: GOFL'facilities
Enforcement Distribution/Reuse
MWRIMm. of Intertor L MWRI
— EEAA/Water Police

Figure 47: The Institutional framework for Water Quality Management in Egypt
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Table 37: Water Resources Planning Matrix

ACTIVITY
Surface waters
Use WS
Storage WS DAGBS
Groundwater recharge GWS
Diversion WS
Quiality monitoring WS wQu CLEQM
Assessment WS
Groundwater
Use GWS
Storage GWS
Recharge GWS
Quiality monitoring GWS WQU CLEQM
Assessment GWS
Well permits GWS
Irrigation network
Rehabilitation WS
Modernisation WS
Reuse
Drainage water DA WS
Wastewater DA WS NOPWASD
Desalination
Introduction of technology NWRC HH
Efficient water utilisation
Domestic WS
Industrial WS
Agricultural WS
Legislation
Regulation and codes MWRI EEAA MOHP
Standards MWRI EEAA MOHP
Policy setting MWRI
Water allocation WS
Project financing MOP PS
Project design MWRI
Project implementation MWRI
Operation and Maintenance WS
Pricing (tariffs)
Enforcement MOl
Water data records WS GWS

2.2.1 The Ministry of Water Resources and Irrigation (MWRI):

The Ministry of Water Resources and Irrigation (MY)/Rlays a key-role in the development and
management of the water system throughout the gourite ministry is in charge of water resources

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 124/266



‘I

INECO &

@n

research, development and distribution, and unklestéhe construction, operation and maintenance
(O&M) of irrigation and drainage networks.

Specifications and permits for groundwater welllidg are also among the responsibilities of MWRI.
The Ministry is also responsible for collection afidposal of agricultural drainage water, monitgrin
and assessment of water quality of the variousveatigrces, and for the protection of the coastaézo
and lakes. The Ministry’s organizational chart d(MRI is presented in Figure 48.

There are two major departments and four main aitidre responsible for the day-to-day operation of
the water resources system, irrigation water dslivand drainage water disposal. Each of these
entities has a wide coverage along the Nile iriigahetwork and there are several entities witlsiche
administrative governorate to carry out all ackestrelated to water distribution and drainage.

The two major departments of the MWRI are the &tign Department (ID) and the Mechanical and
Electrical Department (MED), which have the widegttial coverage through their representing
bodies as the irrigation directorates, inspectsragmd districts. Within the MWRI, the following
sectors and departments are of importance:
= The Planning Sectoris responsible at the central level for data ctitbe, processing and
analysis for planning and monitoring investmenjguts.
= The Sector of Public Works and Water Resourcescoordinates water resources
development.
= The Nile Water Sector deals with cooperation with Sudan and other céemtsharing the
Nile River Basin.
= The lIrrigation Department provides technical guidance and monitoring of gation
development, including dams.
= The Mechanical and Electrical Department is in charge of the construction and
maintenance of pumping stations for irrigation dnainage.
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Figure 48: The Organization Chart of Ministry of Water Resources and Irrigation; (MWRI)
Further to the above, other public authoritiesdarectly related to MWRI are:

= The National Water Research Center (NWRC)is the research institute of the MWRI and
acts as scientific body for all aspects relatediater resources management. It consists of 12
research institutes, a Central Laboratory for Eoviment Quality Monitoring (CLEQM) and
the Strategic Research Unit (SRU).

= TheEgyptian Public Authority for Drainage Projects (EPADP) is in charge of all drainage
activities within MWRI, and has representing diozates within the entire Nile network.

EPADRP is responsible for the construction and neaiance of closed and open drains.
= TheHigh Dam Authority is responsible for the Aswan dam operation.

Their responsibilities are outlined in the followiparagraphs.

MWRI also represents Egypt in the meetings of tile Nasin countries on Nile water issues. There
are several joint projects between those counfieesthe development of Nile water, which, if

completed, would increase significantly the wateares of member countries.

The National Water Research Center (NWRC)

The National Water Research Center is a natiorsitition with an international outlook making a

vital contribution to Egypt’s development, with tfedlowing objectives:
= Study, outline and propose long-term policies fanaging water resources in Egypt.

= Solve problems associated with the technical agtitin of the national policy for irrigation,

drainage and water resources.
= Carry out investigations and research work forreamation of agricultural lands.

= Elaborate on options for exploiting the water re@sea of the country in the most efficient and

cost-effective way.
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= Propose measures for the environmentally soundlaj@went of the irrigation and drainage
systems.

The NWRC plays not only a national role, but aladrdernational one. On the local scale, the Center
has worked to strengthen the research programmeits aksearch institutes, which are further
presented below. This has been possible throughdtadlishment of linkages with relevant Egyptian
Universities and other research centers, such @sAtiricultural Research Center, the National
Research Center and the Egyptian Academy of SfieRiesearch and Technology. Further assistance
has been offered to the NWRC institutes for raidingds from internal and external sources to
implement their programs.
On the regional scale, NWRC acts as the Coordigafimt for the African Water Resources Network
and is a member of other water resources netwarksirope and other countries. Moreover, in view
of the scarcity of water resources, NWRC has tdkerlead in setting a general framework for future
cooperation between Arab countries. The aim is &ximize water benefits, meanwhile conserving
Arab water rights and developing appropriate teqiies for implementing a common water plan. A
proposal for establishing an “Arab Network for WaResearch (ANWAR)” has been initiated by the
NWRC, with the aim of creating Arab-driven solutsoand technologies with the sole purpose of
sustaining Arab water resources for economic grov@h the international scale, NWRC has
established wide-scale communication with sevetaknational organizations and bodies.
TheWater Management Research Institute (WMRI)deals with research in the fields of crop water
requirements, water distribution, water lossesfasm irrigation systems and water quality. Its main
activities cover the following topics:

= Definition of crop water requirements.

= Development of the existing irrigation networks.

= Improvement of irrigation rotations to achieve aptim water distribution.

= Development of better irrigation methods, improvetr irrigation outlets.

= Study of evaporation and seepage losses from waysriakes and reservoirs.
The institute owns twelve experimental researctiosta scattered all over the country. Their loaatio
was selected to represent the variation in climsod, texture, crops and agricultural and irrigatio
practices.
In addition to the above experimental stations,itiséitute carries out research programmes ondield
owned and managed by individual farmers. The imstihas six sites laboratories which are equipped
in such a way as to carry out sample analyses térywsoil and crop samples. The institute also has
the capability of arranging training programmesanious themes and for different target groups.
The main objectives of th&ater Resources Research Institute (WRRI)nclude the:

= Assessment of the amount of water available inNHe basin and in Egypt, including the

Sinai Peninsula.

= Definition of policies and development of projestguired to maximize water availability.
TheNile Research Institute (NIR)undertakes activities relevant to the:

= Monitoring the quality of the River Nile water.

= Protection of existing small-scale dams.

= Navigation development.
=  Protection of bank erosion.
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= Utilization of sediments deposited in the AswanhHizam reservaoir.

w.

The main goals of thlydraulic Research Institute (HRI) are to:

= Undertake research for determining the river beadllzanks of the Nile, and irrigation canals.

= Perform hydraulic model studies for infrastructure.

= Perform coastal hydraulic studies.

= Develop and execute specialized training progranoneasver hydraulics.
The main responsibilities of ti@onstruction Research Institute (CRI)institute are to:

= Carry out basic and applied research on hydrauifcastructure, soil mechanics and

foundation engineering.
= Provide MPWWR with comprehensive laboratory anttiftesting services and facilities.
= Train the personnel of MPWWR on the operation amdfing of available advanced
equipment in monitoring and controlling construntio

= Provide advice to MPWWR in the matters of constactiesign and execution.
The Channel Maintenance Research Institute (CMRI)has been established with the aim to address
problems associated with the maintenance of iingaand drainage networks and to investigate
alternative solutions from both technical and ecoigopoints of view. The institute’s activities cave
the following main topics:

= Determine the magnitude of aquatic weed problems.

= Design canals and drains to meet hydraulic angiition requirements.

= Conduct experiments and make recommendations ifigialtgrass carp in different canals.
The Coastal Research Institute (CoRI)was established in 1972 in the Academy of Scientif
Research and Technology. Since 1982, the insthate been operating under the control of the
NWRC. The main goal of the institute is to monitiee evolution of Egyptian Northern coast, to study
coastal dynamics and to investigate efficient aost-effective control works to protect the coastal
zone from erosion. It also provides expert advicthe Egyptian Government on problems associated
with coastal instability and coastal zone managerfeamthe Mediterranean and Red Sea. Principal
activities include:

= Monitoring the evolution of the Mediterranean shioe

= Collecting and analyzing meteorological, coastal ararine data.

= Conducting physical & numerical models to predittfe changes in the coastal zone.

= Providing expert advice on problems associated ea#stal instability.

= Coastal zone management for Mediterranean and Basl S
The main goals of th&roundwater Research Institute (GRI) are to:

= Study the quality and quantity of groundwater ia BEgyptian desert areas.

=  Study the conjunctive use of the surface and graater water in the Nile valley.
The main research fields of tMechanical and Electrical Research Institutd MERI) include:

= Energy management in pumping stations.

= Improvement of the performance of motors and pumps.

= Testing and calibration of hydraulic and electrizechinery.

= Utilization of renewable energy for water pumping.

= Automation, control and instrumentation in watdnesoes and plants.
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= Telecommunication and telemetry for water manageémen
= Development of new mechanical weed control equigmen
The Drainage Research Instituteis also affiliated to the National Water Reseat@nter (NWRC),
and carries out applied research to support ndtjgaas for developing land drainage in Egypt, and
implementing technically affective and economicaiund drainage system. It also develops tools for
planning and managing the reuse of drainage wateirrigation. The main responsibilities of the
institute are to:
= Develop and test appropriate methods and techreslodor planning, design and
implementation of drainage system.
= |dentify the most convenient and economic methoflsomeration and maintenance of
subsurface drainage systems.
= Develop specifications for drainage material.
= Determine & evaluate the technical and economiecgéiffeness of drainage projects.
= Determine drainage water quantity and quality.
= Develop criteria and guidelines for reusing dragagter in irrigation.
TheCentral Laboratory for Environment Quality Monitori ng (CLEQM) undertakes tasks for:
= Studying the long-term impact of climatic fluctuais on the optimal management of surface
water and groundwater in terms of both quantity quiality.
= Carrying out environmental impact assessments &bemresources projects.
Developing effective methodologies for the optimenagement of water resources.
Identifying environmental problem area and theiplications.

Preparing national, regional and issue-specifiessaents of climatic conditions affecting
water resources.

Finally, the main goals of theurvey Research Unit (SRUApre to:

= Adapt, develop and incorporate modern methods mipcer-aided field surveying.
= Act as the central organization for the developnard application of all modern aspects of
geodesy, photogrammetry, remote sensing and gdugahjnformation systems.

Egyptian Public Authority for Drainage Projects (EBP)
The Egyptian Public Authority for Drainage Proje(EPADP) is affiliated to the Ministry of Water
Resources and Irrigation (MWRI). The authority veatablished in 1973, with the aim of controlling
and preventing waterlogging and salinity, whichetsreats on crop production. The main focus of
EPADP’s activities are new surface and subsurfaaéndge projects, as well as maintenance and
rehabilitation of existing ones. In more detaik tasks of EPADP are to:

= Study drainage conditions in order to set priocsifigr the installation of drainage systems.

= Design drainage systems and prepare tenders ftnacting.

= Undertake operational research on the installaifsuch systems.

= Supervise installation, operate and maintain dgergystems.

= Train personnel on all the above tasks.
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Egyptian National Committee on Irrigation and Drage (ENCID)

The ENCID is a semi-governmental entity, also i@ffdd to the MWRI. The 30 members of the
National Committee are Senior Governmental EngsjeBrofessors from Engineering Universities
and Research Centers.

@I»

2.2.2 The Ministry of Agriculture and Land Reclamation (MALR)

The Ministry of Agriculture and Land Reclamation AMR) is involved in improving agricultural
activities and land reclamation, including watemagement at the on-farm level.

Furthermore, MALR is in charge of agricultural rasgh and extension, land reclamation and
agricultural, fisheries and animal stock developmen

The Agricultural Research Centre, controlled by MRLcomprises 16 institutes and 11 central
laboratories and is the scientific body of MALR falt aspects related to agricultural development.
Furthermore, the Land Development Authority is imaige of contracting and monitoring land
development projects and manages land allocationvestors and individuals.

Finally, the Agricultural Development and CreditriBaprovide credit to farmers to finance various
production requirements.

The Central Administration for Soils, Water and Eowment (CASWE)
CASWE is mandated to accomplish:
= Planning programs for farmers for optimum irrigatimethods, irrigation scheduling and
irrigation water quality.
= Methods to rehabilitate and maintain, irrigatiord arainage canals in order to reduce water
losses.
= Water harvesting techniques in rainfed areas aritlode of supplementary irrigation.
= Transfer technologies generated in research orgtmis to be applied in the field.
= Training programmes to increase the capacity atalgural engineers working in the area of
soil, water and environment.
= |dentification of farming problems and posing thiEmesearch organizations.
= Assessing and monitoring the environmental imp&gadous agricultural practices.

Soils, Water & Environment Research Institute (SWER

The Soils, Water & Environment Research Instit8#/ERI) undertakes studies and research on soil-
water-crops interrelations, soil survey and clasadiion, improvement and conservation of cultivated
soils, soil fertility and plant nutrition, organfarming, crop water requirements, water suitabildy
irrigation, designing and evaluation of field draje networks, reuse of marginal water in irrigation
and environment. SWERI also gives technical reconttagons on water-related issues.

The General Authority for the Development of Laksdér

The Authority is responsible for the developmenhatural resources in the region of Lake Nasser. It
tasks include the monitoring/implementation of pesgmes for:

= Exploiting the Lake for the production of cheap tpio products, and the increase of fish
production.
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= Exploiting the significant amount of mineral resoes (e.g. marble, granite, caoline), by
promoting the establishment of related industr@eding to the availability of resources and
electric power.

= Exploiting the tourist potential of the region, sadered a major tourist site.

= Reclaiming and cultivating the area around the |akel creating new urban communities.

2.2.3 The Ministry of Housing, Utilities & Urban Development (MHUUD)

The Ministry of Housing, Utilities & Urban Development (MHUUD) is responsible for the
provision of water supply and sanitation serviaghe municipal and industrial subsectors. Under
MHUUD, the National Organization for Potable Waterd Sanitary Drainage (NOPWASD) and its
affiliated agencies, are responsible for plannidgsigning and supervising the construction of
municipal drinking water treatment plants, disttibn systems, sewage collection systems, and
municipal wastewater treatment plants.

The NOPWASD assumes these responsibilities throughout thetgguwith the exception of the
cities of Cairo, Alexandria, and of the Suez-cariiés. For Cairo, Alexandria, and the Suez Canal
area, such services are provided by the Generahrxafion for Sanitary Drainage in Cairo
(GOSDC), the General Organization for Greater Cdifater Supply (GOGCWS), the Alexandria
General Organization for Sanitary Drainage (AGOSig Alexandria Water General Authority
(AWGA), and the Suez Canal Authority. Operatiorradl anaintenance responsibilities are delegated to
the local governments, which oversee local agendies latter are classified into economic/general
authorities and public/private enterprises or tig#i, established in 9 Governorates (private cormggan
assume wastewater treatment in Damietta, Kafr ElkBhBeheira).

The General Authority for Potable Water and Sanitary Drainage (GAPWSD is the central body
subsuming these governorate entities. The Pres&di&dcree 135 (2004), authorizes the creation of a
Holding Company for Drinking Water and Sanitatiamdaits affiliated companies that include the
General Economic Authorities for Drinking Water a8dnitation operating in the Governorates. In
order to meet the required operation and maintenaxpenses and relieve the burden on the
government, the company will seek new financiaboeses.

Moreover, the Presidential Decree 136 (2004) pexwibr the creation of th@entral Authority for

the Drinking Water and Sanitation Sector and Protetion of the Consumer This decree aims at
regulation and monitoring on quality and consunmézepcontrol. The authority would report to the
Minister of Housing, Utilities and Urban Commun#jeand will be the liaison body between the
government, the society and the holding compargnure that national policies and regulations are
abided. The Minister of Housing heads the Govermpgrd, which includes members from outside
the subsector, namely two technical experts angpeesentative of the consumers, seconded by the
Minister of Housing. The Ministries of Finance, Hbeaand Population and of the Environment are
represented on the governing board. NOPWASD adiscagical advisor.

The National Organization for Potable Water & Samt Drainage (NOPWASD)

As mentioned above, NOPWASD is responsible for pkenning, designing and supervising the
construction of municipal drinking water treatmgaénts, distribution systems, sewage collection
systems, and municipal wastewater treatment pldfrtis. organization is structured in two main
sectors, the Potable Water Sector and the Samiaipage Sector.

The current goals of tHeotable Water Sectorare:
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= Full coverage during the next two years throughoimgy plans and programs.

= The implementation of the national project for &g water provision in 240 unserved
villages. The project’s estimated cost is aboutllibb EP, and is partially by the Arab Fund
for Economic & Social Development, with KD 47M. Bhproject is due for completion at the
end of the 2002-2007 plans.

= Implement 55 integrated projects (plants and nekgjofor insufficiently provided villages.
The total capacity is 3.5 million m3/d and the patjs cost is about 5 billion EP.

= Implement 40 extension projects for existing planish total capacity of 1.2 million m3/d and
2.2 billion EP investment cost. The implementatioh these projects was awarded to
specialized companies, giving priority to seveiddficient areas and villages.

The current goals of thifeanitary Drainage Sectorare to:

= Achieve, by 2022, full coverage in rural areaspgsidvanced techniques depending upon:
e New, unconventional economic systems and surfateonles, complying with the
rural conditions for the safe disposal of treateden:
e Use, whenever possible, local material for reduaivgstment costs.
e Prioritize villages located near water streams.
= |[nstall self-treatment drainage, in areas wherectirapletion of sanitary drainage projects is
pending, in full co-ordination with competent miniess and research entities for raising the
self treatment capacity of open drains.

2.3 Legislation

Several laws and decrees have been approved Wygymian Parliament, the Cabinet of Ministers
and the President to organize the work of the M\&RI to organize the distribution of water among
different users and recently to protect the envirent and water system from pollution. The main
laws of relevance to the water sector legislatianework are: Law 12 for the year 1984 for the
Irrigation and Drainage, Law 213 for the year 18®dfarmer participation and cost sharing, Law 93
for the year 1962 for the discharge to open stremmdsits modifications for the years 1962, 1982 an
1989. Additional legislation includes Law 27 foethiear 1978 for the Regulation of water resources
and Treatment of Wastewater, Law 48 for the ye&@21Regarding the Protection of the River Nile
and Waterways from Pollution, Decree 380 for thary#982 for the Industrial Water Pollution
Control, Law of Local Administration 43 of 1979,chhaw 4 for the year 1994 for Environmental
Protection. A detailed description of all waterateld legislation and its current status is incluged
the National Water Resources Plan (NWRP).

The main water and irrigation strategy focuses lo@ tlevelopment and conservation of water
resources. This is effected through water rotat@nirrigation canals, decrease of the rice growing
area, lining irrigation canals in sandy regions prahibiting surface irrigation in the newly deveéu
agricultural areas outside of the Nile Basin.

Recent water resources policies include differanictural and several non-structural measures.
Structural measures include the rehabilitation ofgation infrastructure, irrigation systems
improvement, installation of water level monitorimpvices linked to the telemetry system and
expansion of the tile drainage system. Non-strattoreasures address the expansion of water user
associations (WUAs) for irrigation canals, the bishment of water boards on branch canals, the
promotion of public awareness programmes, andé@vement of stakeholders.
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The legal basis for irrigation and drainage isisdtaw No. 12/1984 and its supplementary Law No.
213/1994 which define the use and management dicpaibd private sector irrigation and drainage
systems including main canals, feeders and drdihs. laws also provide legal directions for the
operation and maintenance of public and privateematys, and specify arrangements for cost
recovery in irrigation and drainage networks.

The most recent water policy was drafted in 1993dluded several strategies to ensure satisfying
the demands of all water users and expanding tisérexagricultural area (7.8 million feddans, abou
3.12 million ha at that time), by an additional #flion feddan (about 560,000 ha).

The issues of cost recovery and pricing have stareeiving increased attention. Water pricing is

considered as an approach to generate additiorehiwe which could be used to operate and maintain
irrigation systems, and even repay some or alhefibvestment costs. It could also help to promote
water conservation, especially in irrigated agtid. However, the effectiveness of a cost recovery
policy in achieving its expected objectives depemusnany factors. These include the system through
which water consumption is measured and the reldietween existing taxation and water subsidy
and the proposed water charge. Farmers’ reactionsuth changes are not easy to predict.
Furthermore, the identification of beneficiariesddahe possibilities of charging external costs, e.g

those associated with environmental damage, shmmufdrther explored.

Consideration has to be given to what type of systeuld be instituted that would be equitable,
generate revenue and simultaneously promote mdizeat water usage. In July 94 the Egyptian
people's assembly passed a law to charge the MPYéWRplement a cost recovery law at the Mesqga
level. The same law sets the procedures to edtdblimers’ water users association and the irogati
advisory service.

2.3.1 Water-Use Legislation and Standards

In Egypt, water "use-standards" are sets of laws r@agulations under the responsibility of the
Ministry of Housing and the Ministry of Health. Thegal framework for water resources management
is established in a number of laws and decreeshahithe most important are:

= Law 48/1982 described below, provides the “effluent-standards’ well as "ambient
standards" for inland waters with the Ministry ofa®r Resources and Irrigation (MWRI) as
the primarily responsible office. It regards thetpction of the River Nile and waterways
from pollution.

= Law 12/1984o0n irrigation and drainage regulates the use d@érmvancluding groundwater. It
controls water rights, setting priorities betweesers, beneficial and harmful use of water,
financial aspects and penalties.

= Law 4/1992sets “effluent-standards” for solid and hazardeastes and for discharges to the
marine environment. The law designates the Mini&trythe Environment as the competent
authority on those issues.

= Law 213/1994amends the irrigation and drainage law 12/198#liees private Water Users
Associations at the mesqa level and provides foovwery of capital costs for improved
irrigation facilities at the mesqa level over aipérup to twenty years.

Other laws and decrees are more specific, e.g.2dHM082 regulating public water resources used for
drinking and domestic use and Ministerial Decre@327966 of the Ministry of Health, establishing
the Supreme Committee for Water. This committeetbaet standards for drinking water, swimming,
etc. and to approve water treatment projects. Theskérial Decree No. 380/1982 of the Ministry of
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Industry requires new industries to include equipiméo prevent pollution in the technical
specification of the project.

It should be noted that the “effluent-standards” ifdand waters distinguish between industrial and
domestic wastewater and between the Nile and iioigesystem on the one hand and the drainage
system and lakes on the other.

Since 1982, Egypt has changed and developed. Aesseand environmental education has grown in
society. The environmental bureaucracy is maturiitly the establishment of the Ministry of the
Environment and the former Ministry of Irrigatioedoming truly a Ministry of Water Resources and
Irrigation (MWRI), emphasizing its role in integeat management.

2.3.2 Legislation on water pollution control

A legal basis for controlling water pollution exsthrough a number of laws and decrees. Law
48/1992 regarding the protection of the river Niled other waterways from pollution, and Law
4/1994 on Environmental protection are the mosbirtgmt ones and are discussed below.

Law 48/1982 and Decree 8/1988aw 48 of 1982 specifically deals with dischargesvater
bodies. This law prohibits discharge to the NileveR] irrigation canals, drains, lakes and
groundwater without a license issued by the MWRtehses can be issued as long as the
effluents meet the standards of the laws. The dieancludes both the quantity and quality
that is permitted to be discharged. Dischargindghauit a license can result in a fine. Licenses
may be withdrawn in case of failure to immediatedgluce discharge, in case of pollution
danger, or failure to install appropriate treatmwithin a period of three months. Under the
law, the Ministry of the Interior has police povwehile the Ministry of Health and Population
iIs the organization responsible to give bindingieelvon water quality standards and to
monitor effluents/discharges. Law 48 does not cambient quality monitoring of receiving
water bodies although some standards are giverregodnises three categories of water body
functions:

e Fresh water bodies for the Nile River and irrigataanals;

¢ Non-fresh or brackish water bodies for drains, $aded ponds;

¢ Groundwater aquifers.
Ambient quality standards are given for water reses, which are intended as raw water
supplies for drinking water. The implementing Decr@ of 1983 specifies water quality
standards for the following categories:

e The Nile river and canals into which dischargesliaensed (article 60);

e Treated industrial discharges to the Nile rivenata and groundwater;

e Upstream the Delta barrages discharging more tham/day (article 61);

e Downstream the Delta barrages discharging more1bami/day (article 61);

e Upstream the Delta barrages discharging less thami/day (article 62);

e Downstream the Delta barrages discharging lesstbami/day (article 62);

e Drain waters to be mixed with the Nile river or awaters (article 65);

e Treated industrial and sanitary waste dischargedrains, lakes and ponds (article

66);

e The drains, lakes and ponds into which dischargefiGensed (article 68).
Discharge of treated sanitary effluents to the Riiger and canals is not allowed at all (article
63) and any discharge of sanitary waste into otfeer bodies should be chlorinated (article

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 134/266



My
""""ll'

INECO o/

67). The water quality standards are generally basethe drinking water standards and are
not linked to all other functions a water body nteywe. The use of agrochemicals for weed
control is also regulated in the law.

= Law 4/1994: Through Law 4 of 1994 the EEAA is defined as théharity responsible for
preparing legislation and decrees on environmeptatection. The agency also has the
responsibility for setting standards and for camgyiout compliance monitoring. It should
participate in the preparation and implementatioh the National Programme for
environmental monitoring and utilisation of datac{uding water quality). The agency is also
charged with establishing an “Environmental Pratect-und” which would include water
quality monitoring. With respect to the pollutiohtbe water environment, the law states that
all provisions of Law 48/1982 are not affected. Aiddal provisions of Law 4 covers coastal
and seawater aspects.
Nevertheless a number of issues remain unclear:

e The MWRI remains the responsible authority for wagaality and water pollution
issues, although the definition of “discharge” iraw 4 specifically includes
discharges to the River Nile and waterways. Howether EEAA is responsible for
coordinating the pollution monitoring networks.

e In Law 4 it is stated that all facilities dischargito surface water are required to
obtain a license and maintain a register indicatirggimpact of the establishment’s
activity on the environment. The register shouldiude data on emissions, efficiency
and outflow from treatment units and periodic measwents. EEAA will inspect the
facilities yearly and follow-up any non-compliancEhis provision is confusing or
creating duplication, because Law 48/1982 alsouns certain standards for
effluents, and designates the MOHP as the comg@iamanitoring organization and
only MOHP laboratory results are considered toffieial.

Both laws establish funds where fines are colleatatiwhich are used to fund monitoring and
other activities.

2.4 Financial Framework

Currently, the ministries entrusted with the finagcof the public expenditures are the Ministry of
Finance, the Ministry of Water Resources and Itiiggg (MWRI), the Ministry of Housing, Utilities
& Urban Development (MHUUD) and to a limited extettte Ministry of Agriculture and Land
Reclamation (MALR), mandated to improve on-farmavahanagement and fisheries.

Almost 90% of the development, operation and masree (O&M) costs of water services in the
country are funded by public sources. The pubtiaricing of O&M in the irrigation sector amounts to
about 4% of the total public recurrent expenditui@a the investment side, since 2000 some 12
Billion LE of public finance were spent on nationaligation infrastructure and water-resources
related programs, which on average-annual wouldslksée to 15% of the average-annual public
investments since 2000. Currently, cost sharingrfagation services is mainly attributed to theda
property taxes levied at 30 LE/feddan/year on ayeravhich accrue to the local governments. The
land property taxes amount to a total of only 20R4he recurrent budget appropriations allocated
through MoF to MWRI.

An on-going Public Expenditure Review study, condddy the World Bank (2005), depicts that the
country’s total public spending on new investmestsnuch less than the total recurrent spending
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(ratio is 20% on average since the fiscal year08f1}. However, this pattern is reversed for theewat
sector, where the ratio of investment-to-recurrgmending has been ranging from 200% to 300%
since 2001. There is s generally a declining tiengcurrent expenditures and debt repayment, while
investment expenditures are relatively steadieiis Buggests that new investments are prioritized
instead of maintaining existing assets and repagieigts. Figure 49 illustrates water sector public
expenditures in Egypt.

@l

The entire budget of MWRI is mainly allocated fdretadministration of irrigation and drainage
networks in Egypt that meet the needs of all water-sectors. The irrigated agriculture sub-sector
consumes about 85% of the budget of the MWRI. Aerii% is allocated to services for the water
supply and sanitation sector subsector, and 5%ttitowted to the industrial sector. The latter
distribution is based on sub-sectoral water usag®.rThe Ministry of Agriculture and Land
Reclamation (MALR) contributes to the water sedvyr about 20% of the annual budget of its
administrative agency and service authorities iditamh to 50% of the annual budget of the General
Authority for Reconstruction Projects and AgricuéilDevelopment (GARPAD).

0%

30 = % of GDP
25 B B % of Total Public
20 Expenditures
15 O % of Total
10 Capital
. Expenditures
) B I ] .18 % of Total
' Recurrent
Public Expenditures in Water Sector Expenditures

Figure 49: Water Sector Public Expenditures in Egypt

An overall view of the financing of the water secie illustrated in Table 38, which provides
estimates for investment costs for water projeats @&M costs for each institution and subsector
(irrigated agriculture, water supply and sanitatiolustrial, in addition to environmental degraoiat
cost estimates). The distribution of total expamdis among the major agencies within the water
sector is shown in Figure 50.
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Table 38: Investment and O&M costs in the Water Sector

All values are in Investments in Operation and | Total

s Stakeholder 7 . . .
Billion L.E. per L. Water Projects Maintenance Costs
Year (Budget Provision)

97/98 03/04 97/98 03/04 03/04

Irrigated MWRI 1555|2771 |0442 |o0662 |3.433
‘:5“““"““' MARL 0275 |04s9 |o111 |o0.165 |o0.652
ST Sub-total 1830 |3260 |0.553 |0827 |4.087
Water
Jater Supply 0991 |1.65 |0.580 |1.027 |2.677
Water Supply | \igNe | supply !
and Sanitation .
Sector | Sanitation [ 1.400 |2480 |o0.870 |1.54 |4.020
Sub-total 2451 | 4130 |1450 |2.567 |6.697
Industrial Private Sector 1.140 1.180 2.320
Sector
EIlVll‘OIllI.lE]ltal State Budget Damage cost ~ 1.62 — 3.24% of GDP
Degradation =

The estimated investment costs for water servieas the three ministries have increased from 4.31
billion L.E. in year 1997/98 to 7.4 billion L.E. iyear 2003/04. While the estimated O&M costs was
increased from 2.0 billion L.E. to 3.38 billion L. the same period.

The NWRP has predicted a total of 145 billion EgygptPounds worth of investments within the water
sector during the period 2003-2017. The MinistryHufusing, Utilities and Urban Development is
foreseen to contribute to 63% of the latter invesita and the Ministry of Water Resources and
Irrigation will provide 32%. The private sector,sea on current scenarios, will assume about 5% of
these investments.

For the same period (2003-2017), the total recticests are estimated at 44 billion Egyptian Pounds
These costs include the operation and maintenarste of the system but exclude the personnel costs
of the government agencies. The municipalities ({#fim of Local development) assume by far the
biggest share of the O&M costs (70%) for the openabnd maintenance of the drinking water and
wastewater treatment plants. In this case, it isnesed that the Ministry of Water Resources and
Irrigation will cover 12% while the private sectwill contribute about 15% of the cost.

The municipal water supply and sanitary services carried out by a set of economic authorities
controlled by the MHUUD and to a less extent by kheistry of Local Development (MoLD). The
analysis of the budgets of these economic autherdf MHUNC showed that the total annual budget
allocated for these authorities increased from K.E3 billion in year 1997/98 to L.E. 8.45 billiam
2003/04. During the period 1982-2004, a total of025illion L.E. worth of investments have been
channelled by the state budget to potable wateplgigervices. Moreover, a total of 40 billion L.E.
were invested in sanitation services. Correspoiglingotable water production increased from
5.8 million m3/d in 1982 to 18.2 million m3/d in @0. Similarly, the per-capita rate of potable water
use increased from 130 I/d in 1981 to 275 I/d iB@Q0The capacity of sanitary stations increasegh fro
1.0 million m¥/d in 1982, to 8.3 million m3/d in @0, and planned to reach 20.0 million m3/d by 2017.
Even today, rural sanitation still is a major ceafie and an impeding factor for achieving
environmental sustainability.

With regard to the industrial sector, the privatzter is mainly responsible for providing the
investments and O&M costs required for water sesidhe Government provides a set of incentives
for industries to comply with environmental regidas.
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Distribution of Total Expenditures on Water Sectors (Average)
17.4%
27.0%
4.5%
4.0%
19.3%
27.5%
3 MWRI AA = MWRI SA O NASP
B8 NOPWASD W GAPWSD B8 GARPAD
MWERI AA = Ministry of Water Resources & Irrigation Administrative Agencies
MWERI SA = Muustry of Water Resources & Irrigation Service Agencies
NASP = National Authority for Sanitary Projects
NOPWASD = National Organization for Potable Water and Samtary Drainage
GAPWSD = General Authority for Potable Water and Sanitary Drainage
GARPAD = General Authority for Rehabilitation Projects & Agricultural Development

Figure 50: Distribution of Total Expenditures among the Major Agencies within the Water Sector

2.4.1 Governmental authorities & foreign sources of financing

The authorities involved in the allocation and alelimg of the State budget towards the water sector
include the Ministry of Finance, the Ministry of &lth and Population, the Ministry of Trade and
Industry, the Ministry of Transportation, the Mitmsof Local Development (MoLD), the Ministry of
Electricity and Energy, the Ministry of the Interidhe Ministry of Tourism, the Ministry of Water
Resources and Irrigation, the Ministry of Agricuéétand Land Reclamation, the Ministry of Housing,
Utilities & Urban Development and in particular thiational Organization for Potable Water and
Sanitary Drainage, the Ministry of State for theviEmnment Affairs, and the Egyptian Environmental
Affairs Agency in particular, and the Ministry ofefe for Economic Development, previously known
as Ministry of Planning.

International agencies involved include the Netmtk Ministry of Foreign Affairs, the Finnish
Government, the Rural Development Department ofweld Bank, ARCADIS EUROCONSULT,

the German Cooperation Agency (GTZ), the EgyptiamcDh Advisory Panel Project on Water
Management, etc.

2.4.2 Private Sector and NGOs

Water Users’ Associations

During the last decades, and in the frame of tlezadveffort to improve the effectiveness of irtiga
systems, major emphasis has been given to thet@btesie of Water Users’ Associations (WUAS).
The WUAs are voluntary organizations of farmers.the past, associations comprised of a few
farmers along a single tertiary distributor (mesdddually, individual water users associations are
expected to elect representatives to higher lessd@ations reflecting the water delivery system.

It is expected that the establishment of WUAs vweilgjnificantly contribute to the equity and

sustainability of the system. The overall rationislg¢hat organized farmers will contribute towards
more equitable water distribution and to greatetewase efficiency to resolve conflicts and thereby
increase agricultural productivity. Six specifigedtives can be identified.

The primary objective is to provide a basis foledive action of farmers along a given tertiarpaa
to maintain and improve their share of the systegn,reducing waste from seepage losses and
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improving control over the water supply. SecondtJAs will provide means for communicating
farmer needs and expectations to irrigation systmhorities, both prior to contraction or
improvement projects and during its operation. dligir WUAs would assist the irrigation authority
with revenue collection. The fourth task is ensgiihat water allocation among farmers is equitable.
A fifth function is to resolve conflicts among imitiual users, and finally, WUAs could coordinate
cropping patterns and planning dates to best usiéable water.

The irrigation improvement pilot project has documeel specific benefits from WUAs effective
management of improved mesqgas. Mesqas delivergiaftiies increased from 69% to 92% after
improvements.

The role and functioning of WUAs may appear attfgknce to be quite distant from the topic of
financing irrigation systems. However, through éstablishment of the WUAs, Governments hope to
shift a part of the burden of running the systefrbaidget. To the farmers, the policy is an attetopt
shift more of the costs to the farmers and to caesgcarce government budget.

The main objective of the Irrigation Improvemenbjects (IIP) implemented in the country is to

contribute to increasing irrigation water use efficy and agricultural production and to help the
users in carrying on the production process, aockase the corresponding benefits for both thesuser
and for the country.

In order to meet these goals, new technology astitutional changes were introduced. The major
physical improvements belong to delivery and teyt&gystems are concerned:

= Introduction of continuous flow through improvedstlibutary canal control structures
(automatic downstream level control gates) andbditation of delivery system.
= Introduction of single point lifting with raiseddéd or pipe line mesqas.

The other intervention included demonstration pmagrto introduce improved on farm irrigation
techniques (including land levying, good farmingsteyn, use of soil amendments etc.). The
establishment of the WUAs at the mesga and braaghldevel can be the most important instrument
in implementing improved technologies and techmsqureirrigated agriculture. WUASs, can be the
instrument that ensures water distribution, andofperation of systems at the farm level in as igffic
conditions as possible under the varying conditiand constraints faced by the irrigator. Efficient
water use over time is what is important. Userstigigation can also function as an implementation
system for government policies designed to incrdase production, advance rural, economical
development, and or improve resource managemeigtid accomplished in one or two ways:

= First, by providing services and technological stssice which users are unable to secure as
individuals.

= Secondly, by providing users the guidance and itrgino take advantage of appropriate
technologies and advanced cultural practices.

The impact of resulting changes in the functionoighe irrigation system are expected to include
improvements in crop yield and beneficial changesropping patterns, leading to an overall positive
impact in terms of increased farm income.

The Fayoum Governorate Irrigation Department isrentty testing this different model, by

implementing, on a pilot scale, two different orgational models for Branch Canal Water Users
Organizations (BCWUOS). The first involves only rfaars, whereas the other includes also an
executive board, which, besides farmers includss gbvernment officials. The organizations have
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prioritized the required structural improvementsttie canals and have assumed responsibility for
canals maintenance activities since 1996.

From the experiences in Fayoum Governorate, ikei@rdhat the relations between Fayoum Irrigation
Department and farmers were substantially improVée. first evidence shows that water distribution
has become more equitable, after the works sugbgtéarmers were implemented. At the same time
it is becoming evident that farmers are willing agssume increasing responsibilities for water
management at the branch canal level if they areighed with the opportunity. Overall, it is expette
that this will not only lead to improved water mgaeent, but it also appears to be attractive to the
irrigation department from a budgetary point ofwidf legal changes are implemented, this would
also make it easier for Irrigation Departmentsharge its mode of operation towards water users.

Build Operate Transfer Projects (BOT) & Joint vees!

There are whole ranges of options as to the wayahith straight operational contracts can be
negotiated, which place the responsibility direetiyh the concession company and at the same time
leaving direct control with the public utility.

In major capital investments, however, the normajomwater and sewage treatment projects are the
build, operate, transfer arrangement or BOT. In B¢¥e projects the private sector organization has
the responsibility of: design, construction, operaand maintenance and project funding.

Many public utilities in addition to controlling ehges and establishing their own standards ofe&rvi
want to retain a direct involvement in the desigonstruction and operation of their water
infrastructure. It is possible to achieve this ebje and at the same time, through a joint venture
introduce the latest "private sector" technologgerational and design know-how into the utility
company, together with the shared funding of chjpiteestment for new works and infrastructure.
This type of arrangement links the public sectdityto a private company, or group of companies,
in order to develop water services through bothrapmal and capital investment projects.
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3. ldentifying Focal Problems in Water Management

3.1 Constraints facing the Water Sector
The market-based water conservation generallygefeusing the incentive principle for encouraging
farmers to practice less water consuming agriceltlrcentives can entail drawing on the economic
value of water to induce farmers to adopt cons@waneasures. Few experiences of irrigation water
pricing have been carried out worldwide with vagyimdicators of success. However, the Egyptian
Government is against irrigation water pricing. Hoer, there are some cases where incentive pricing
and cost recovery are practiced, such as:

= [rrigation improvement cost recovery,

= Subsurface drainage cost recovery,

= Cost recovery in the new lands,

= Cost recovery for operation and maintenance,

= Cost recovery on new projects.
The Irrigation Improvement Project comprises imgmgvcontrol structures, using modern methods in
land levelling, on farm development, rehabilitatiohmain and branch canals and most of mesqas,
promoting equity of water distribution, and formimgter users associations. The Mesga improving
costs comprise:

= |nvestment costs for the mesga pumps, the repayoventa period not exceeding 5 years.

= Investment costs for civil works including mesgmoeleling, PVC pipes, lining etc.
Costs are paid to the Government over a periodnuoe than 20 year without interest. Farmers pay
O&M costs directly to WUAs

3.2 Identification of Focal Problems
3.2.1 Sharing Water

Water Shortage Problems

Egypt; when is examined as a single geographidyedies not appear to face water shortage
problems. The governorates that are located neaNile River do not experience water shortage
problems. However, some areas are identified as\@pav crucial situation regarding water supply.
These areas are in Sinai, the Red Sea coast arnldeNoDesert coast (Figure 51), where economic
development is primarily based on water availahilit
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Mediterranean Sea

Figure 51: Areas Facing Water Shortage Problems

Water Quality and Pollution

As already stated, one of the main (focal) watenagament issues experienced in Egypt and in the
Bahr-Basandeila area is linked to water qualityedetation in canal water. The problem is similiar (
terms of causes and impact) to the overall watelityyproblems experienced in the River Nile arsd it
distribution network. Towards this end, this settprovides an overview of the water quality status
the River Nile and its economic impact, and of tbeent efforts to pursue municipal water treatment
and improved water services in rural and urbansapééhe region.

Water quality problems in Egypt vary with locatiand depend on factors such as: water flow rates;
water uses; population densities; sanitation systendustrial discharges; demands for navigation;
and agricultural runoff. Discharge of untreated, martially treated, industrial and domestic
wastewater, leaching of pesticides and residuésrtilizer and navigation are often factors thdeef

the quality of water. Egypt's major water qualityoplems are pathogenic bacteria/parasites, heavy
metals and pesticides.

There is an increasing concern about the risingscol environmental degradation to the country,
including water misallocation and declining watarality. Table 39 represents some preliminary
estimates associated with a range of environmenthlems. The presentation of data does not aim to
provide specific, accurate values, but rather tivigie a good indication of the potential magnitafie
social costs associated with environmental degi@datnd the importance of actions required for
reducing these pressures on the economy.
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Table 39: Costs of Environmental Degradation in Egypt

Sector Economic Loss LE Billions | Percent of GDP
Air

Morbidity and mortality 8.4 2.3
Aesthetics (including tourism) 2.9 0.8
Water

Water pollution 4.6 1.3
Water allocation inefficiencies 18.0 4.9
Water system losses 2.6 0.7
Land

Productivity losses 5.8 1.6
Urban encroachment 4.0 11
Waste

Solid waste 2.2 0.6
Hazardous waste 0.1 0.0
Amenity and tourism impacts 1.3 0.3
Biodiversity losses 2.4 0.7

Each year a total of about 5 billion m® of drainagater is reused in the Delta, and another
4.7 billion m3 of agricultural drainage water retsito the Nile upstream of Cairo. Official reusetia
Delta is expected to rise to about 7 billion mie near term and 9 billion m3 by 2017. In addition
threatened agricultural water supplies, unauthdrizee of polluted drainage water to irrigate fields
also constitutes a growing health concern. Farntiegally remove approximately 3-4 billion m?3 of
drainage water annually to apply to their fieldsh&il contaminated with human waste and/or toxic
and/or heavy metals, this can impose great heizkis,rand also adds to rising salinity and pollutio
levels in agricultural drainage water of the Delfmesenting one of the most important water
management challenges facing the country.

Irrigation canals in the Nile Delta region are hmang increasingly polluted, particularly those
passing through villages, towns and residentiadsarBecause of a lack of alternative disposal optio
both solid and liquid wastes are routinely dump®ad irrigation canals in violation of existing laws
Canals also receive increasing volumes of polldadhage canal water under official drainage water
“reuse” programs meant to supplement irrigatiorpsiap.

Untreated and partially treated municipal wastewatel industrial wastewater from the Giza area is
discharged directly into the Muheet and Rahway rairoxic chemicals are discharged by industry
at Kafr El-Zayat Drain that takes the effluent dothle Rosetta Branch to be discharged to the Sea
above Alexandria. Furthermore, many villages disghaaw or partly treated sewage into irrigation
and drainage canals. The Damietta Branch recewggnts (primarily in the form of ammonia) and
organics from the Delta Company for Fertilizer a@tlemical Industries (in Talkha) and saline
agricultural drainage water in the vicinity of tRaraskour Dam. Raw sewage from Al-Kholei village
also drains into the Damietta Branch. Water quatitthe Damietta and Rosetta Branches deteriorates
rapidly downstream of Cairo, and this is especiatiyte during low flow conditions. At about 120 km
downstream from Delta Barrage, the Rosetta Brarckives polluted inflows from five drains (El
Rahawy, Sabel, El-Tahreer, Zaweit EI-Bahr and Tala)

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 143/266



5
""||||||i

INECO &

@I»

The principal purpose of the agricultural drainagstem is to maintain proper soil moisture levals i
fields and to remove accumulated salts. In UppempEghe drainage network discharges directly to
main canals of the Nile Valley and to the Nile Rivi@ the Nile Delta, the network collects irrigati
drainage water and transfers salts (as well asmeeds and other accumulated pollutants) from the
soils of cultivated lands to the Northern Lakeshia coastal region and through Rosetta Branch Canal
to the Mediterranean Sea.

Since the 1980s, efforts have been underway toéxaeailable irrigation water supplies by mixing
drainage water in the Delta with fresh water. Whgg policy was first conceived, the principal goal
was to supplement irrigation canal waters with riige water of low enough salinity levels to allow,
through mixing, for better and additional irrigatieahds. Salinity of drainage water upstream of the
Delta is relatively low (below 1,000 ppm), butricreases in downstream drains to 2,000-5,000 ppm.
Since the irrigation uses for water with salinigyéls exceeding 2,000 ppm are quite limited, thikaDe
drainage water must be “mixed” with “fresh” canalter before use.

In practice, many drains in the Delta region aredu® collect not only irrigation and stormwaten+u
off but also industrial and municipal wastes, amd has seriously complicated implementation of the
drainage water reuse policy. For example, in SholKheima, a heavy concentration of industry
(including metal fabrication, food processing, tiest finishing, paper production and detergent and
soap manufacturing) discharges large volumes oftemager into agricultural drains. The water
contains chemical and biological pollution that saniously limit its reuse potential for agricuur

Groundwater in the Delta, largely a shallow undewgd aquifer fed by of the River Nile, receives
pollution from a variety of sources. The excessnéhdrawals, especially from coastal aquifers,
increase groundwater salinity with negative longrtémpacts on water use and soil pollution. Along
the Mediterranean coast, high salinity levels octmm seawater intrusion when groundwater
withdrawals exceed recharge capacity. In the neetjaimed areas of the Delta’s fringes, shallow
soils cannot effectively protect the aquifer frorollption leaching from agricultural drains and
irrigation canals. Groundwater salinity in reclagmnands (e.g. El Busstan, North of Tahreer and El
Salhyiah) is more than 1,500 ppm. Salinity levdt;ng the coast are even higher. Industrial waste
sometimes is discharged into unlined lagoons (akfhof Ramadan City) where it easily leaks into
shallow aquifers. Bacterial contamination of growater from raw sewage also is common in many
parts of the densely populated Delta. Nitrate cotrations in reclaimed areas range between 70 and
100 ppm, a fact which poses additional health corsceThe Drainage Research Institute has
established 140 stations for monitoring agricultdrains. Monthly samples taken at these statioas a
analyzed for 32 elements such as salinity, BOD, C@®iganics, heavy metals and DO. Levels of
COD and BOD exceed national ambient water qualégpdards at every monitoring station, and there
also is a deficiency of DO relative to these statislaCertain locations have been deemed so polluted
as to pose hazards to public health. The consequeag been the closure of some drainage canal
mixing stations or of water treatment plants witkekes on main canals receiving polluted drainage
water. An extensive network of 25 mixing statiorssbeen established in the Delta to transfer
drainage water back into irrigation canals for esumit five reuse stations have had to be closedalu
these excessive pollution levels (Table 40). Séwehers are threatened with closure.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 144/266



INECO

Table 40: Mixing Stations for Drainage Water Reuse in Nile Delta

5
""||||||i

&

@n

Pumping Station Drain Mixing Location Annual Current Status

Discharge

(million m3)
East Delta
Wadi Qaliobia East Wadi 200 Shut down
Bahr Elbaqar Bahr Elbaqgar Elbateekh 20 Operating
Belad Elayed Belad Elayed East Wadi 150 Operating
Hanout Hadous Bahr Mouis 250 Operating
Geneina Emoum Elbeheira Elbahr Elsaghir 215 Opweyati
Saft Saft Elbahry Daffan 130 Operating
Elmahsama Elmahsama Ismailia 200 Shut down
Upper Elserw Serw Damietta Branch 275 Operating
Elsalam 1 Lower Serw Elsalam 650 Operating
Elsalam 3 Hadous Elsalam 1350 Operating
Middle Delta
Upper (1) Number 1 Damietta Branch 60 Shut down
East Menoufia Elgarenein Abbasi Rayah 50 Operating
Mahalet Rouh Mahalet Roh Mit Yazid 90 Operating
Elhamoul Gharbia Main Bahr Tira 400 Operating
Elgharbia Drain Gharbia Main Bahr Tira 800 Opermgtin
Elmahalla Elkobra Omer Bey Damietta Branch 100 @iy
Boteita Gharbia Main Elzawia 100 Shut down
West Delta
Elemoum Elemoum Nobaria 1000 Shut down
Itay Elbaroud Itay Elbaroud East Khandak 60 Opeati
Idkou Idkou Mahmoudia 90 Operating
Dalangat Dalangat Elhager 235 Operating
West Khandak West Khandak Abou Deyab 60 Operating
Bostan Bostan Nobaria 55 Operating
Dalangat Extension Dalangat Ext. Nobaria 80 Opayati
Mariout Elemoum Nobaria 60 Operating

Municipal Potable Water Systems

Despite the rapid population growth, the percentzigihe population with access to municipal water
supply has increased substantially over the pastdecades. An estimated 95% of households in
urban areas and almost 70 % of households in aneals have currently access to piped water (Table
41). This remarkable extension of the municipalevaind wastewater system, however, has not been
accompanied by adequate attention to maintenaeselting in very high seepage losses of 40 to
50%. These losses have, in turn, caused a risénengtoundwater table, creating considerable

environmental problems.
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Table 41: Municipal Potable Water Systems in Egypt, Rates and Customer Base

@n

System NOPWASD* GOGCWS* | AWGA?#
(Municipalities) (Cairo) (Alexandria)

L.E. per m3

Estimated Capital and O & M costs 1.0 1.1 NA

Subsidy 0.8 0.9 NA

Average User Fé@ariff) 0.2 0.2 0.3

Rate: piastre per M8 % 15-25 15-25 25-35

% Of Customer Base

Distribution of Customers Base

% Served by House Connections5 Urban 92 Rural 70 95 96

% Multi-Unit Meters Urban 55 Rural 30 50 48
% Single—-Unit Meters Urban 20 Rural 10 33 40
% Not connected legally or connected but metetdrban 18 Rural 30 12 8
are not working, °

% Served by Stand posts / donated Urban 2 Rural 14| 1 1

% Unservetf Urban 6 Rural 16 4 3

A recent review of the municipal water supply sedtientified three primary causes of piped water
service deficiencies: inadequate water treatmergacity and deteriorating treatment plants,
inadequate storage capacity, and deteriorating ey@nce and distribution networks that cannot
withstand the pressures needed to provide reliaater service. High system losses increase thim stra
on an already overburdened wastewater collectigtesy and are a waste of costly treated water.
Leaks also allow contamination of the water dekeerdefeating much of the purpose of providing
treated supplies. Municipal water and wastewatances are heavily subsidized by the Government.
In the municipal areas outside of Greater Cairo Aledandria, the subsidy level is almost 75%. Low
recovery of costs from consumers reduces revenaievihter and wastewater agencies can use to
repair leaks and improve the services provided.

3.2.2 Valuing Water

As mentioned above, the Egyptian Government isnagairigation water pricing. This attitude is
supported by several technical reasons, including:

= The generally small ownership of agricultural lamdhe Nile Valley and Delta, which renders
the issue of metering water supplies to a largebmuraf small farms rather impractical.

%0 National Organization for Potable Water and SayiBrainage

L General Organization for Greater Cairo Water Syippl

22 Alexandria Water General Authority

23 Wastewater tariff is 20% of water tariff for Camad 35% for Alexandria

4 These are applicable to the residential unitsctvhiave water meters. Those who do not have meietiseir
meters are not working, pay a fixed monthly chdogevater consumption (L.E. 5-20 monthly/unit). Tdtearge
changes with house area.

%5 No service charge for meters’ maintenance if nseee not working, it is difficult to repair. In &andria
there is monthly maintenance charge for meterartelsum of 50 piaster). The life span of a metéryears
and costs L.E. 300 for ¥ inch pipe. In most cadesnameter is not working, the client pays an edtohdixed
charge.

% Unserved people extract either polluted groundnatsurface water from the Nile, canals or drains.
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= |t is not expected that the high overall efficienol the Nile irrigation system will be
significantly improved as a result of water pricifidnis is due to the fact that most water that
is lost via canal/drain seepage or from irrigatauplication onto agriculture fields replenishes
the underlying closed aquifer, and can subsequdyglyetrieved by pumping. Moreover,
water drained from agricultural lands in the Nilaldy is routed back into downstream
reaches of the Nile.

Furthermore, water pricing will be of insignificaimpact in parts of the Nile catchments where soil
has a physical structure that allows the cultivatif specific crops only, thus decreasing the
opportunity to consider alternative cropping demisi
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4. ldentification of stakeholders

This section presents the main stakeholders indoivehe outlined water management issues and in
water management in the Bahr-Basandeila area. éfuctintact details are provided in the Appendix
of this Deliverable.

41.1 Ministries

e  Ministry of Water Resources and Irrigation; (MWRI)

e  Ministry of Agriculture and Land Reclamation; (MALR

e  Ministry of State for Environmental Affairs; (MOSEA

e  Ministry of Health and Population; (MOHP)

e  Ministry of Trade and Industry; (MOTI)

e  Ministry of Housing, Utilities & Urban Developmer(tHUUD)
e  Ministry of Higher Education and the State for &tifec Research
e  Ministry of Electricity and Energy; (MEE)

e  Ministry of Transportation

e  Ministry of Tourism

e  Ministry of Interior; (MOI)

4.1.2 Secondary stakeholders, end-user and civil associations

e Farmers (tenants/owners) and farmer organizatiomsnely WUAs and Water Boards,
participate in O&M of the irrigation system at teesqa and secondary-canal levels.

e  Private sector companies (contractors, suppliedsEgyptian and International consultancy
firms) undertake services via contracts with the RIW

e Public sector companies, or holding companies, ownethe Government, but operating as
private establishments (e.g., the two holding camgsmset up for the management of mega
projects in Southern Valley & West Delta and in thoSinai, and the WS&S holding
company, subsuming 14 subsidiary companies natoejwi

e  Several other holding companies owned by the MWl BIALR for the construction of
irrigation systems, drilling of groundwater welland reclamation, etc., and currently being
transferred to the ownership of investors and persector companies.

e Representatives from key industrial sectors disgpsiffluents (tanneries, textile, food,
refineries, metal).

e NGOs which form an integral part of local commuesti development programs in the rural
areas (e.g., Shorouq programs overseen by MoLBir Tbles include hygiene promotion and
protection of the public health and the environmemproved water supply intakes and
sanitation conditions, manual channel maintenaddeking water saving campaigns, and
public awareness.

e  Environmental NGOs, i.e. Wafaa EI-Nil Assosiation.

e  Farmer co-operatives.

e Investors association and the Chamber of Industry.

¢  Women unions, hospitals and schools
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1. General overview

1.1 Country overview

1.1.1 General Features

The Republic of Lebanon is located along the easgdore of the Mediterranean Sea between
latitudes 33°03 and 34°45 North and 35°05’ and G3Exast. The total area of the country is

approximately 10,200 km with a maximum length andtlv of 200 and 80 km, respectively. The

principal topographic features of the country dre toastal plain, the Lebanon and Anti-Lebanon
mountain ranges and the Bekaa valley.

In spite of the small area of the country, its phgsaphic structure includes a variety of contragti
features. In general, five geomorphological regicars be distinguished:

o The coastal zone, including the shoreline, thetabatain and Mount Lebanon foothills.
e Mount Lebanon.

e The Bekaa plain.

e Anti Lebanon.

e South Lebanon.

The climate in Lebanon is typical Mediterraneanhwdry summers and wet winters. The seasonal
precipitation variation is partly due to the mountais topography and partly due to two large-scale
weather systems: the maritime and Eurasian cordhair masses. The maritime air mass, which
basically accounts for all rainfall in the countiycaused by Mediterranean storms, which travifiese
country from October to April. Dry cold north-wesinds from the Eurasian land mass also enter the
country during the winter and mix with moist marig air to cause heavy snowfall in the mountains.
During summer, hot dry air of Eurasian origin fe® a curving path around Cyprus and across
Lebanon. Meteorological data are collected from 48emeteorological stations established in all
watershed basins.

The mean annual rainfall along the coast rangesdasst 700 and 1,000 mm, increasing from south to
north. Mount Lebanon forms a barrier to rain movetmEBrecipitation in this area can reach more than
1,400 mm/yr, mostly due to snowfall. Rainfall deels rapidly on the eastern slopes of the Mount
Lebanon range, reaching only 600 mm on its foathMrecipitation in the Bekaa plain ranges from
800 mm in the South Bekaa to values lower than@0in the farthest northeast part of the plain.
Precipitation on the Anti Lebanon range is arouffl &im, and exceeds 1,000 mm in the Jabal Al-
Sheikh.

In 2005, the permanent population of Lebanon wasated at approximately 4.5 million inhabitants,
of which more than one third lives in the greatesirBt area. The largest part of the population
(37.49%) resides in the area of Mount Lebanon; lvewenore than 50% of this population lives
within the suburbs of Beirut and is served by tladarauthorities of Greater Beirut area. Nabatiyé a

south Lebanon have the lowest population sharesaletp 6.98 and 8.72%, respectively.
Administratively, these two Mohafazats correspoadhe southern part of Lebanon and their total
population share is 15.7%. The lowest populati@resicorresponds to the area of Bekaa (12.27%).
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1.1.2 Water Resources & Demand

w.

Water resources

e Annual run-off occurs mainly between February aunlg.J

e All wadis (i.e. streams) are dry during the sumseason.

¢ The flow of all major rivers is negligible betweAngust and January.

e The total annual surface run-off is estimated &04®illion m3.

e The total annual ground water recharge is estimattd@80 million m3.

¢ The annual stable exploitable water resourcessimated at 143 million m3.

Watershed basins

e Lebanon has 14 perennial rivers and 24 main sebs@iiis.
e Lebanon can be divided into 26 watershed basinshafh:
= 14 are basins of perennial rivers, and
= 12 are coastal basins of seasonal wadis.

Water demand

o Domestic water demand is estimated at 200 milliéfymm

e Industrial water demand is estimated at 30 miltiaiyr.

e Irrigation water demand is estimated at 825 milliotyr. At present, only 60,000 ha are
irrigated from a total irrigable area of 125,000 ha

1.2 Overview of the Damour River Basin

The region selected for the project implementatothe Damour River Basin. Damour is a coastal
village located 20 km to the south of Beirut. Tlopplation of the area is around 75,000 inhabitdnts.
is an important and necessary crossroad, linkinguB® the Shouf Caza in the Mount Lebanon, and
to other southern cities and villages such as Sdiga and Nabatiyeh. In brief, the main issues
characterizing water management in the area are:

o The Damour village relies on both groundwater (jmubhd private wells) and surface water
(Damour River — Water Basin 10) sources.

e The Damour River is a shared water resource amengral villages. This fact triggers
conflicts among its users (upstream and down sfream

e The Damour River is a vital socioeconomic resousiece it is used, in addition to few
artesian wells, for irrigation.

e The deterioration of the water quality of the Dam®&iver, due to the discharge of waste
(sewage and industrial wastes) is a key problem.

e The Saadiyat area, which belongs to Damour Villalgees not have access to piped water
networks. Instead, private wells are extensivellizatl for domestic purposes to meet the
basic water needs. This threatens the availakifithe groundwater resources in terms of both
guality and quantity.

e The water resources (public wells) in Damour areduBy the Beirut Water Authority for
external supply. This increases the pressure ogrhendwater resources in the area (shared
groundwater use).
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Figure 52 shows the different water basins in Lebanncluding the one of Damour. Table 42

summarizes key indicators for the basins, wheremuré& 53 presents

environmental pressures in the area.

Table 42:River Basin Areas — Key statistics
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Figure 52: The location of the Damour River Basin

the main sources of

No. Major water course Area (knf) Population (Million persons)
1 El-Kabir River 195~ 0.08
2 Estwan River 146 0.057
3 Arka River 121 0.036
4 Al-Bared River 284 0.038
5 Abou-Ali River 482 0.126
6 El-Jauz River 196 0.038
7 Ibrahim River 326 0.095
8 El-Kalb River 237 0.069
9 Beirut River 216 0.276
10 El-Damour River 333 0.076
11 El-Awali River 291 0.062
12 Siniq River 102 0.024
13 El-Zahrani River 140 0.038
14 Litani Rivef’ 2170 0.68
15 Hasbani River 680* 0.058

27 Area within Lebanon
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No. Major water course Area (knf) Population (Million persons)
16 Al-Assi River 1720* 0.32
Total 7640
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Figure 53: Sources of environmental pressure in Damour River Basin

1.2.1 Hydrological Characteristics

Meteorological conditions

The Damour coastal area has a yearly average hynhédiel of 67.5%. The highest humidity level

occurs during the summer, ranging between 71% ime 3o 73% in August. Such high levels are
mainly associated with its location along the du@est The total and effective rainfall levels are
estimated at 600 mm/year and 507.8 mm/year, ragpBctAnnual evapotranspiration is estimated at
1592.95 mm/year (Lebanese Meteorological Service).

Surface Water Resources

The Damour River is a perennial river with a lengti0 km. Its watershed extends over an area of
305 knf and has a maximum elevation of 1948 m, from wihinghriver originates (Dar Al-Handasah,
1996). Its lithological characteristics comprisdtbkarstic (27%) and non-karstic formations (73%).
Two major springs, Es Safa and Barouk, contribatever water discharge. Additionally, the river is
formed by the convergence of three minor riversSBEf, Zeble, and el Hamam. The average annual
yield of water discharge, recorded for the years921P993 and 1994-2001, was about
100 million n/yr, with an average annual flow rate of 8.4sn

Groundwater Resources

Groundwater resources mainly exist in the Sannigeifar, which is protected from direct contact
with the sea by the Chekka formation. This is intcast to the situation in Saadiyat area. Thisfaqui
is recharged through infiltration of precipitatiom-off from the Damour River.
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A total of 64 public and private wells operate lire tvillage of Damour. Of those, 16 public wells, 14
belonging to Beirut Water Authority (BWA) and 2 maipal ones, are used for domestic supply. With
regard to private wells, 44 are used for domestipgses, whereas 6 are used for irrigation. Favty-t
(42) private wells are utilized in Saadiyat Area fmtable supply, since the area does not have a
piped water network. The total annual volume ofewaxploited from all 64 wells ranges between
1.14 million n? to 8.9 million M, provided that the Beirut Water Authority wellsesate from July
until January (Table 43). Eighty percent (80%)taf tater extracted from the 14 BWA public wells,
during this period, is delivered to Beirut and AghDelbi. There area has also several springs in
Damour.

Table 43: Results of Well Survey in Damour

Type Uses Aquifer | No. of wells | Total | Average Volume
Tapped | with known | wells | Pump Exploited
pump Discharge (million
discharge (m3/d) m3year)
Min Max
Beirut Water Agency DomesticSannine | 14 14 3115 - 72
Barouk Water Agency DomesticSannine | 2 2 2376 0.29 0.58
Private Domestic| Sannine | 44 44 310 0.31 0.41
Irrigation | Sannine | 6 6 1958 0.54 0.71
Total No. of wells and the total yearly 64 1.14 8.9
discharge

1.2.2 Socioeconomic framework

Damour has an agricultural economic profile, wiménas and vegetables being the main types of
crops cultivated in the area. For this reasonDammour River is of major socioeconomic significance
as it is used for the irrigation of the agricullupkains. Two dams, upstream and downstream, were
constructed to divert water for irrigation. Curignthe water is diverted at a rate of 1,10&/hm
downstream, and 650°hr upstream. The overexploitation of river watgrupstream users leads to
downstream water shortages, especially during thmenser season. This would affect agricultural
activities in the deprived areas. Additionallyc@tuses conflicts between the Damour Municipality an
upstream users, especially due to the lack of aslelegislation for water allocation. Moreover,
environmental violations committed upstream afteetdownstream river water quality, which in turn
can adversely affect the crops in the plains.

It should be noted that the political instabilityliebanon led to the displacement of the majoriitshe
Damour population. This caused the loss of the muarad financial resources necessary for the
development of the area. Given the current, radftiimore stable, situation, displaced population
could return to Damour causing a large increaswater demand. Finally, the recently developed
Saadiyat area lacks proper access to water suppigis been reported that the village inhabitasts d
not have sufficient resources to pay municipalggd for water supply, and thus prefer to use their
own private wells.

8 TheBeirut Water Authority wells operate only from JadyJanuary, i.e. for a period of 6 months/yr
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2. Institutional & Financial Context

2.1 |Institutions & Responsibilities

The responsibilities of the main actors in watenagement at the constitutional, organisational and
operational level are outlined in Table 44.

Table 44: Responsibilities in water management

AUTHORITY

RESPONSIBILITIES

Ministry of Energy and
Water (MEW)

Decision 144/1925
Decision 320/1926

Law 221/2000 — art. 2
amended by Law 337/2001
Decree 14438/1970

Collects, controls, meters, establishes statistiud studies water resourcq
evaluates water needs and fields of its usagevailthe Lebanese territory.
Controls the surface and underground water quality identifies standard
to be applied.

Establishes the General Planning Project for waésiources allocation
allocation between drinking and irrigation watettla national level, as we

as prepares the National Water and Wastewater @leMaster-plan andl

updates it continuously, and submits it throughNfieister to the Council o
Ministers for approval.

Designs, studies, implements and operates larger westallations and work
such as dams, artificial lakes, tunnels, water sEsirrectification, watg
networks etc.

Implements, when needed, artificial recharge ofifagu and controld
groundwater extraction.

Protects water resources from losses and polldtjoalaborating legislatio
and taking necessary measures and dispositionset@mq water pollution
and undertakes measures to restore water bodikgd#eeir former quality.
Issues licenses and permits for water abstracpoiblic water usage arn
temporary occupation of public properties and feed all necessar
formalities according to the laws and by-laws ircéo

Implements studies and hydraulic, geological andrdlpgical surveys tq
collect technical data relative to water resoursseasments, establish

technical maps concerning these studies, survegisdata, and regularly

updates them.

Carries out control and tutelage over Public E&hbients and other bodis
operating in the water field, according to the prédaw dispositions, text
and stipulations relative to each establishmentiastdution.

Ameliorates the performance of the Water ExplatafPublic Establishment
(WEPEs) and evaluates their performance on thesbasi indicators
mentioned in the action plans, approved accordirtgée legal procedures.
Establishes standards to be adopted in the stumieducted by Wate
Exploitation Public Establishments, as well as nigitheir implementation.

Establishes conditions and regulations for extoacéind use of surface wat¢

groundwater and management of wastewater theiritgusfandards an
control.

Prepares and carries out expropriation formaliteative to the MHER an
WEPEs submitted to its tutelage according to thvesland regulations i
force.

Expresses expert opinion on the licensing of qesrand mines according
their impacts on water resources.

Raises public awareness on rational water use enddes to the public a

S,

S

[}

—
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S
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necessary information concerning water issues.
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AUTHORITY

RESPONSIBILITIES

Ministry of Public

Health (MPH)

Decree Law 227/1942 art.
Decree No. 8377/1961, art
38, 61, 84, 95
Decree-Law 108/1983

P Analyzes drinking water samples.

— Monitors the safety of drinking water (microbiologl and physicochemica]
properties).

— Authorizes the usage of water resources for dropkinrposes
— Issues permits for mineral water bottling.

Ministry of Environment
(MOE)

Law 690/2005- art. 2:

— Sets urban and industrial wastewater treatmenteglyapolicies, plans, an
studies

— Implements environmental protection measures faifexs, coastal area
wetlands and water streams.

— Monitors surface water and groundwater quality.
Law 690/2005- art. 6:

— Monitors the implementation of environmental measun the exploitatioI
r

of water and for the protection of aquifers, seasietlands and wat
streams.

— Monitors the impacts of environmental pollution@mate change.

Law 444/2002- art. 36:

— Draws-up of a water quality inventory for grounderaéind surface water.
Draws-up a water quality inventory for suppliedgigé and irrigation water

and surface water quality.
Establishes bacteriological and physico-chemicaindards for supplie
drinking and irrigation water.

water.

Establishes procedures for wastewater collectiah tesatment and monitd
their implementation.

Sets protection measures for any potential haztrds can affect wate
quality and monitors their implementation.

Decision 129/1/1998:

— Classify Damour river area as natural reserve.

Set a protection zone covering 500m from eachdfidiee Damour river.

Ministry of Agriculture
(MOA)

Legislative decree No.
31/1955, art. 1

Decree 5246/1994, art. 96
Decree No. 5246/1994, art
103

Manages water supply for irrigation

Constructs small-scale irrigation water supply ect§ (artificial lakes
storage tanks, etc.)

Conserves and utilizes water resources

Enhances and monitors irrigation systems and mansgll and mediury
irrigation projects

Ministry of Public

Works and
Transportation
(MOPWT)

Decree 1610/1971, art. 35

Authorizes sea dumping (Law 444/2002- Art 31)

Provides meteorological data through its MeteoriglmigDepartment of thg
General Directorate for Civil Aviation

Carries out infrastructure works related to walstribution network

Ministry of Interior and
Municipalities (MIM)
Decree 4082/2000

drainage systems)
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AUTHORITY

RESPONSIBILITIES

Beirut - Mount Lebanon
Water and wastewater
Establishment

(B&ML WWA)

Law 221/2000 — art. 4
amended by Law 337/2001
Decrees 14596/2005-
14597/2005-14637/2005

Carries out surveys and assessments, operategamsiand renews projeds
for potable and irrigation water distribution, aslhwas wastewater collectign
and treatment, according to the General Water aadt&Water Master-plah
or according to the Ministry’s prior permit on basfethe Ministry’s choicg
for the establishment of wastewater (WW) treatnmahnts or new sites fqr
WW effluent discharge.

Proposes drinking, irrigation water and WW servitasffication systems
taking into consideration the general socio-ecowomwnditions of thd
country.

Monitors the quality of distributed drinking andigration water, as well as
the quality of wastewater and effluent of wastewatatment plants.

Beirut Water Agency
(BIWA)

Decree 3971/1951
abolished by law 221/2000

Mandate transferred to B&MLWWA by law 221/2000:

Supplies drinking water to Beirut and suburbanaoagi
Collects fees from water consumers in Beirut arimigoan regions.

Barouk Water Agency
(BWA)

Law of july 20th, 1956
abolished by law 221/2000

Mandate transferred to B&MLWWA by law 221/2000:

Supplies drinking water to Chouf area
Collects fees from water consumers in Chouf area

Municipalities (Damour
and other) (MUNICIP)
Law 316/2001

Monitor the safety of drinking water (microbiologicand physicochemica
properties)

Litani River Authority
(LRA)
Law of August 16th, 1954

Monitors water quality and quantity in all rivenscawater streams

Implements the Litani River project for irrigati@md drinking water suppl
and hydroelectricity production

T~

Council of Development
and Reconstruction
(CDR)

Implements water projects, according to the Natidester Plan.

Green Plan
Decree No. 13785/1963,
art. 1

Is involved in land reclamation. This entails thestallation of irrigation
canals and distribution networks.

LIBNOR
Law of July, 23th, 1962

Establishes all kind of standards and guidelines
Renders standards mandatory (drinking water stdrbBit:1999)

Ministry of Displaced
(MOD)
Decree No. 6504/1995, art

16

Assesses the maintenance and rehabilitation nemdshé infrastructurd
(water, electricity...) in the displaced areas.

Table 45 summarizes the role of main actors iredkffit aspects of water resource management, thus
outlining potential overlaps. In summary, the maieas of conflict are:

e Establishment of standards where current legislation empowers the MinistraésPublic
Health, of Energy and Water and of Environmentyvall as LIBNOR, with the responsibility
of establishing quality standards on drinking wasffluent from wastewater treatment plants
and discharge in the water environment.

e Water quality control and monitoring, which is responsibility of the Ministries of
Environment, Energy and Water, of Public Health, tbé water authorities and of the
municipalities without the establishment of anyadedmmunication procedures.
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Table 45: Water resources planning matrix

ACTIVITY

M
E
W

TUZ
mo<Z
>0Z2

“s7vox

rZ W
s w

>z

>=sw
T—0O—zZzC=Z

>3

OO
2> 0O
ooXL

DOZ2W—r

Surface waters

Use

Dot

x

Storage

x

>

X
X

Groundwater recharge

X x|

Diversion (recreational water)

Quiality monitoring

Assessment

Groundwater

Use

Storage

Recharge

Quiality monitoring

> | > | X | 5

X X[ XX
X X[ XX

Assessment

Well permits

Irrigation network

Rehabilitation

Modernisation

Reuse

Drainage water

Wastewater

Desalination

Introduction of technology

Efficient water utilisation

Domestic

X

Industrial

X

X

Agricultural

X

Legislation

Regulation and codes

Standards

x| R

Policy setting

Water allocation

Project financing

Project design

Project implementation

X

Operation and Maintenance

X | X | XX

Pricing (tariffs)

Enforcement

X

X

X

Water data records

XX XXX XX | XX

X
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2.2 Legislation

&

The Lebanese law governing the water sector datels b the Ottoman and French regimes. The out-
of-date law, coupled with the “political instabjfitthat Lebanon witnessed during the period 1975-

1989, brought about many conflicts associated thiehmismanagement of the water sector (MOE et
al., 2004). However, the recognition of the sigrafice of sustainable water management oriented
policy makers towards the development of new las@ssing:

@I»

¢ The management of the water sector (Law No. 221 @000 and its amendments)which
aimed at fostering institutional change and asamtihe responsibilities to parties governing
the water sector (mainly the Ministry of Energy alidter and water and wastewater utilities).
However, the law was not based on a profound assgdasthat considered the current
political, legal, socioeconomic and environmentéliadion in Lebanon. This resulted in
several drawbacks, such as:
» The modification of many laws, decrees, and deassiavhich are often contradictory,
and
» The generation of conflicting rather than completagnroles among the institutions.
¢ Environmental protection (Law No. 444 of 2002) which strenghtnened the role of the
Ministry of Environment (MOE) in promoting the sastable use of natural resources, the
prevention of environmental pollution and degramati and public safety within the
framework by a stable environment. However, thek lad enforcement decrees and
mechanisms for this law results in its ineffectivgplementation.

The aforementioned weaknesses were the basis dondh-implementation of many laws, decrees,
and regulations. The lack of financial, human, gwhnological resources aggravates the situation.
Details on the main national laws, their focus,teaty and implementation status are presented in
Table 46.

Table 46: List of Main National Laws related to the Water Sector

Reference Focus Content Implementation
Status
Decision No. 320 of 1926 Water Emphasizes on the prohibition gfNot implemented
Quality the direct or indirect disposal of| since it is

animal manure and the outdated

formulation of wastes depots

within the haram (protection

zone) of water springs used for

public use.
(General Health Rules) Water Emphasizes on the developmerntNot seriously
Legislative decree No. 16/L of Quality of a protection zone around a | implemented
1932 well or a spring used for drinking since it is

water supply, and the preventionp outdated and not

of any activity of potential risk | revised.

within the protection zone.
(Protection and Use of Public Water Emphasizes on the prohibition afNot implemented
Water Properties) Quality the direct or indirect wastewater due to lack of
Decree No. 2761 of 1933 (articles discharge and waste disposal irftenforcement
5&6) the sea and water streams. mechanisms

Deliverable 3

Version: Final, Dissemination Level; PU

Date: 25/09/2007
159/266



INECO

5
""||||||i

V'

@I»

Reference Focus Content Implementation
Status
(Drinking water abstraction Water Emphasizes the authorization of Not implemented
projects) Quality the usage of water resources foy
Legislative decree No. 227 of 1942 drinking purposes and the
(articles 2 &4) identification of protection zones.
(Water Sources Protection Zone | Water Emphasizes on the identification Implemented but
delineation) Quality of protection zones for water the council
Decree No. 10276 of 1962 resources, based on the results|akesponsible of
amended by decree 7007 of 1967 geological studies. determining the
protection zone
does not have th
resources
required.
(Water Sector Management) Water Indicates the responsibility of theImplemented by
Law No. 221 of 2000, Quality MEW in the assessment of the | the regional
article 2, paragraph 11 water quality. water and
wastewater
establishments
for few
physiochemical
parameters.
(Environmental Protection) Water Indicates the coordination Not implemented
Law No. 444 of 2002, article 35 | Quality between the MOE and MEW forl due to the lack o
&36 developing an Integrated coordination
Approach towards the mechanisms
management of natural resourceetween the
in addition to setting the criteria| ministries
for implementing and supervising
appropriate disposal and
discharge methods of pollutantg
of potential risk to water sources.
(Guidelines and Criteria for Water Indicates the required distance§ No adequate
Permitting the Construction and | Quality of the industrial zones from the | legislation
the use of Industries) surface and groundwater bodies.
Decree No. 8018 of 2002, article 20
(Criteria for the Use of Sand and | Water Emphasizes on conducting EIA| There is no
Rock Quarries) Quality studies for proposed quarrying | implementation
Decision No. 182/1, 183/1, 184/1, sites (to protect the water decree
185/1, 186/1 of 1997, Articles 2 resources)
(Wastewater treatment plants Water Involves the criteria and Partially
liquid waste and air pollution Quality standards of wastewater and aif implemented
standards) pollutants that should be
MOE, Decision 8/1 of 2001, discharged or emitted from a
Appendix 4 & 5. wastewater treatment plant for
the protection of the water
resources and the environment,
Decision No. 320 of 1926 Water Emphasizes on the problems of| Still
Quantity water usage and allocation implemented
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Reference Focus Content Implementation
Status
(Environmental Criteria to Water Emphasizes on: a) the There are no
Permit the Construction and the | Quantity rationalization ofwater use along specific
Use of Tanneries) the industrial production course| guidelines.
Decision No. 75/1 of 2000, article and b) water reuse.
3, paragraph 1-3
(Environmental Criteria to Water Emphasizes on rationalizing Not implemented
Permit the construction of Quantity water use in construction due to the lack o
buildings within the protection activities. enforcement
zones of rivers belonging to the mechanisms.
Ministry of Environment)
Decision No. 90/1 of 2000, (articlg
2, paragraphs 1&2)
(Environmental Criteria to Water Indicates water conservation Not implemented
permit the construction and the | Quantity methods to limit water due to the lack o
use farms, dairy processing consumption in production and | enforcement
plants, plastic industries, and cleaning in industrial settings. | mechanisms.
fruit processing plants) Examples are: dry cleaning, high
Decision No. 3/10f 2000, (article 3, pressure nozzles, and the”
paragraphs 1&3), Decision No. 5/[L BATCH" method used for
of 2000, (article 3, paragraph 1&3). cleaning fruits and vegetables.
Decision No. 16/1 of 2001, (articlg
3, paragraphs 1&3), Decision No.
29/1 of 2001, (article 3, paragraphs
1&3) Decision No. 61/1 of 2001,
(article 3, paragraph 1&3),
(The Management of Water Water Emphasizes the necessity of Not totally
Abstraction and its Use) allocation | getting a 4 -year permit for enforced due to
Decree No. 14438 of 1970, articles(water groundwater abstraction the inadequacy
2,11, 16 abstraction| (springs), and drilling boreholes| of the law given
) exceeding 150 m of depth. The| that the

permit should also include the | government

purpose of use (domestic, cannot provide

agricultural, or industrial). secure water

resources.
(General Health Rules) Water Indicates that a minimum Not implemented
Legislative decree No. 16 of 1932, allocation | drinking water quantity of since the law is
article 14 (Domestic | 5L/capita/day is to be allocated | outdated.
use) for an area of at least 500

inhabitants.

NB. The exact amount of

required domestic and drinking

water has not been yet estimated.
(General Industrial Health Water Emphasizes the prevention of theNot implemented
Criteria) Allocation | use of wells or cisterns/tankers asince the
Decision No. 6/1 T of 1936, (Industrial | sources for water supply. Instegdgovernment
appendix 2 use) water should only be supplied | cannot secure

from the public piped water

enough water.

network, or springs.
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Reference Focus Content Implementation
Status
(Management of Water Water Indicates the annual fees for Implemented
Abstraction and Its Use) tariffs water abstraction in public
Decree No. 14438 of 1970, articlg 9 (1,000,000 LL/yr) or private
(500,000 LL/yr) properties. This
also includes the cost of property
damage and the cost of utilizing
the property.
(Water Use System in Tripoli) Water Flat annual rate is charged for | Not yet
Decree No. 10231 of 1955, articld tariffs areas without a metering system.implemented
1, paragraph A (domestic
use)
(The Management of Water Water Indicates the annual rates per 1| Not enforced
Abstraction and Its Use) tariffs m3 of the total amount of water
Decree No. 14438 of 1970, articlg (Agricultur | licensed for irrigation (100
15 e and LL/m3), and industrial activities
industry) | (600 LL/m3). This may also
include the cost of damage of the
property.
(Water Sector Management) Water Indicates the necessity for Partially
Law No. 221 of 2000, (article 4, | tariffs recommending a new tariff implemented
paragraph 1) structure for drinking and
irrigation, taking into account the
socioeconomic situation.
Decision No. 320 of 1926 Water Emphasizes the problem of watgtmplemented as
Rights rights water code
(Public Property) Water Indicates the water resources | Implemented
Decision No. 144/S of 1925, articleRights owned by the public sector
2 (shores, lakes, waterfalls, rivers
dams, hydraulic infrastructure
used for public use...)
(The Law of Real Estate) Water Indicates that water springs thaf Implemented
Decision No. 3339 of 1930, articlg Rights cannot be used for the public
60. benefit can be owned by
individuals.
(Environmental Protection) Sanctions | Identifies the set of Not implemented
Law 444 of 2002, article 57 administrative penalties by the | due to the
MOE, which are; a) payment for absence of
the restoration of damaged sites,enforcement
b) annulment of permits, c) mechanisms
setting mitigating measures for
projects to reduce their impacts
d) charging of penalties.
(The Law of Penalties) Sanctions | Imprisonment of those who Implemented

Legislative decrees No. 340 of
1943, paragraphs 745-749

executed any offensive activity,
such as unauthorized drilling,
pollution of water sources... Thi

also involves paying of penalties.

Up to now, the water sector has been governeddantalized system and is under the jurisdiction of

the following governmental institutions:
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(p) the Ministry of Energy and Water (MEW),
(q) the Ministry of Environment (MOE), and
(r) the Ministry of Public Health (MPH).

Other parties such as the Ministry of AgricultumA), the Ministry of Public Works and
Transportation (MPWT), the Ministry of the Interiand Municipalities (MIM), the Ministry of
Displaced (MOD¥, the Regional Water and Wastewater EstablishmémesLitani River Authority
(LRA), and the Council for Development and Recargion (CDR) also play a role. The
municipalities are responsible for implementing evgirojects according to the National Master Plan
set by the MEW.

MEW is responsible for developing the National Madtlan for water management. Additionally, the
law states the responsibility of the MEW in supging and coordinating the activities of all
institutions concerned with water management-rdlé&sues. However, those activities are presently
not undertaken by the MEW, due to lack of humaoueses. Moreover, the activities of the different
institutions are not being coordinated, since an&aork implementing cooperation and coordination
mechanisms is not advocated by the law. Figurerédents the organizational chart of the main actors
involved in water management in the country.

c-

w.

Ministry of Energy and
Water (MEW)

)

Ministry of Environme nt

(MOE)

Ministry of Public Health
(MOPH)

A
]
1
1
1
1
1
1
1
1
1
1
1
1

¥ ¥

Ministry of Agriculture =  Litani River Authority

(MO A) and Agricultural
Coops

Ministry of Public Works
and Transportation

(LR4)
Regional Water and
Wastewater
Establishments (WWE)

(MOPWT)

=  Ministry of Industhry
(LIBNORE)

= Ministy of Displaced
(ROD)

=  Ministry of Interior and
Municipalities (MIB) and
the Municipalities

= Council for Developmeni
and Reconstruction (CDR)
and Council for the South
(€8)

Figure 54. An organizational chart of the institutions governing the Water Sector

2.3 Financial Framework

Law 221 empowers regional water authorities to @®d collect water tariffs for domestic and
agricultural use. Connection charges for domesttewsupply vary among Water Boards and are
determined according to water availability and riisttion costs, as distribution by gravity is the
cheapest, while distribution by pumping is far mexpensive.

29 Ministry of Displaced is a temporary ministry ttams at the rehabilitation of displaced areas destd during the period
of “political instability” (1975-1989). Once its s8ion is completed, the ministry will be liquidated
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Most households undertake additional expenses @i their water needs. Assuming that households
with a 1 ni/day meter subscription actually receive and comsthis amount of water per day, they
would be bear a cost ranging from US$ 0.F2mUS$ 0.42/m However, in reality, most households
end up paying much more per cubic meter for tweara mainly:

@I»

e Frequent and periodic water shortages (some agpastreceiving water only a few hours per
day) and
¢ Need to buy water from private suppliers, at comtging US$5 to US$10 per cubic meter.

In particular, secondary residences pay the fuluahwater subscription tariff, even though theg us
the residence only a few weeks or months duringyéae. In short, and as long as water meters dre no
installed, water tariffs will not be associatedwitonsumption volumes, and people will pay the same
amount regardless of the quantity of water actuddlivered/consumed. Users have no incentives to
conserve water and wasteful use is a common phermmme

In view of the projected water shortages that Lebawill face, the MEW has initiated several
programs to better manage Lebanon’s water resotincesgh the formulation of a 10-year plan for
the period 2000-2009 for water and wastewater mamagt. The proposed plan contains actions that
deal with water issues and with electricity infrasture.

Nearly two-thirds of the budget are allocated fue tlievelopment of additional water resources (i.e.
supply-side measures). Such infrastructure invasisn@imed at alleviating water shortages by
increasing water supply. Combined efforts shouldnimede for improving water efficiency (water
metering, elimination of illegal connections, irdtetion of on-farm practices for the efficient wsfe
irrigation water), and securing alternative watssaurces, such as treated wastewater.

On the other hand, and while the government has adeocating private sector participation in many
sectors including water, there are still many fexctoindering private sector involvement. Reasons
include gaps in the current legislative framewonnkl ainclear procedures for creating and sustaining
public-private partnerships. In the absence of aerall strategy, the Government is pursuing a
piecemeal approach, proceeding with a managementacd with a private operator in the city of
Tripoli and considering other arrangements supdolyg the World Bank in Baalbeck. As these
specific efforts succeed, different donors may enage different or contradictory approaches. Peivat
sector participation efforts grow, partly due te ttecognition of the weak performance, inadequate
staffing, and poor resources of the regional watghorities. These efforts are closely linked to a
planned merger of authorities, but a clear and diyoaccepted understanding of the operational
partnership among the central, regional authorit@sl the private operators has not yet emerged and
probably is a premature step in the overall pracess
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3. ldentifying Focal Problems in Water Management
3.1 Constraints facing the Water Sector

3.1.1 Natural constraints

The water sector of the Damour area suffers frofferéint problems, due to various causes and
constraints. The main natural cause can be linkethé sustainability and availability of water in
terms of quality and quantity, mostly during thensmer. The short period of precipitation and the
torrential flow of the Damour River influence thesghrity in water availability. In order to resolve
this problem, both water authorities and privatersigesort to the overexploitation of the coastal
aquifer, which in turn results to different techalithreats.

3.1.2 Technical constraints
The main technical problems are the:

e Overexploitation and pollution of the Damour River,

e Overexploitation of the BWA public wells,

e Overexploitation of private wells in the Saadiyata, and

o Water losses in distribution networks and imprapégation practices.

These issues are aggravated by the absence dategidor the management and monitoring of both
surface and groundwater resources in the villagetl@ basin as a whole, and the lack of awareness
among the community to prevent or mitigate suchess

Overexploitation and Pollution of the Damour River

There has been a decrease in the volume of wetehatiged at river mouth between the years 1992
and 2001. In the year 2000-2001, around 96% of diseharge occured during the wet season
(December-April) with a total yield of 55,468 mil nt/yr. This amount corresponded to a 55.07%

reduction when compared to the average annual gfel®0,717 million riYyr. This can be attributed

to the:

o Drop in the precipitation levels, and
o Overexploitation of groundwater (springs and/oriéeqg) and surface water sources.

In addition, there are several industrial actigtie neighboring villages, such as olive pressatgne
cutting, cement and asphalt production. Such imehsstend to dispose their waste in the river. The
detected Chemical Oxygen Demand (COD) levels confihe possible release of such wastes.
Additionally, sewage disposal, from restaurants hodses into the river is also practiced due to the
absence of wastewater treatment plants. MoreogeiGudtural activities along the river are a major
cause for the presence of agrochemicals. This bBaa bonfirmed through the measured levels of
phosphates’ concentrations.

Overexploitation of BWA Public Wells

The 14 BWA wells are utilized for external watepply (western Beirut) from July to January. The

extracted volume of water reaches 7.2 millioflym(Table 43). This practice puts pressure on the
aquifer, leading to seawater intrusion, as wasigoefl by the elevated TDS and chlorides levels in
well water samples.
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Overexploitation of Private Wells in the Saadiya¢®
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The Saadiyat area is an agglomeration of displaamullation residing in illegal dwellings and
depending on private wells for potable water supplye heavy reliance on these wells, due to the
absence of piped water networks, and the uncoettaitilization of such sources led to the abstoacti
of excessive amounts of water. The daily valuesvater consumption have reached 340 to 400
l/capita/day, exceeding the normal average domestitsumption values of 150 l/capita/day. Such
values could explain the elevated TDS and chlorielesls in the analyzed water samples from private
wells, as a result of seawater intrusion.

Water losses in distribution networks and inefficierigation practices

Water losses in distribution networks were estimhdterange between 25 and 50% during the winter
season and 45 and 61% during summer. This is eiith the general situation in Lebanon with
respect to water losses. Such figures are estimsitese water metering is considered inefficient.
Irrigation depends mainly on the Damour River, ddidon to few artesian wells. Results confirmed
the overexploitation of the river water and the lsjelvhen comparing actual water consumption
values with theoretical ones. The highest levelafer consumption occurs during the summer season
and is coupled with the use of surface irrigaticettmods.

All the aforementioned factors have led to the ddgtion of the quality of the water resources & th
area. Water quality measurements have revealedcagaising trend in the levels of chlorides over the
years (1990-2003) in water samples taken from tiaip wells of the BWA, thus confirming the
possibility of seawater intrusion. Water samplesrfithe municipal and private wells in the area have
further confirmed seawater intrusion, as the cHksi and TDS levels were found to be high,
exceeding the corresponding Guidance Value and/dgsémum Acceptable Value of the MOE, and
ranging between 20 to 1240 mg/l and 239 to 1850, megpectively. The highest chloride and TDS
levels were detected in Saadiyat due to the existeri numerous wells, in addition to the direct
contact of the Sannine Aquifer with the sea.

Despite the deficiencies in sanitation servicestamination has not been detected in any of thé wel
and network samples. However, this does not nedlssaveal the absence of any risk of
contamination of the groundwater resources by sevdigrharge. Conversely, sewage contamination
was detected in two river samples. This is dueetwagie directly discharged into the river without
prior treatment. Moreover, the increased Chemicatgen Demand (COD) levels in those samples
indicate the existence of industrial waste in tkierr This was expected, given the presence ofrakve
industrial activities along the river, such as elpressing, stone cutting, concrete, and asphadtthwh
tend to discharge their wastewater in the rivehatit any prior treatment.

3.1.3 Financial, administrative & institutional constraints

Financial constraints can be summarized in the eigadte recovery of costs for water supply
provision. Water supply agencies can barely coveir bperating expenses. On the other hand, and as
mentioned above, the administrative and instit@idramework is outdated in its majority and there
are significant overlaps. Political interventiontlve attempts to recruit personnel adds more bunden
water resources management.
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3.2.1 Conflicts over Water Use

Based on the discussions held with different stakkhs, several conflicts over water use are
experienced in the Damour area, between:

e Stakeholders and policy makers, primarily betwdenDamour Municipality and the Beirut
Water Authority, since the BWA overexploits grourater resources.

o The stakeholders themselves, primarily betweenntogicipality and the upstream water
users.

On the one hand, the BWA is facing major problemspioviding sufficient water to meet the
constantly increasing water demand in Beirut, aegds to rely on external sources of water
(groundwater from Damour being one of those). Gndther hand, the municipality of Damour is
concerned by the increased salinity of groundwdter to excessive pumping, and by the overall
deterioration of groundwater quality. Furthermdres Damour municipality does not have access to
the records of BWA to monitor the quantity of walb&ing pumped and its quality. In addition to the
groundwater management issues, the Damour muntgipabtests on the inappropriate allocation of
the Damour river water to upstream users and tloesske upstream pollution of the river. The
coastal agricultural plain is often suffering fromater shortages due to overexploitation of surface
water resources by upstream users. Neverthelesgeam users are not willing to discuss the issue
and reach consensus on the amounts of water t@duk With respect to water quality, there is no
sufficient enforcement of discharge standards tsuen proper treatment of both domestic and
industrial wastewater prior to river discharge. Thain conflicts over water use, including those
mentioned above, are summarized in Table 47.

Table 47: Summary of Conflicts over Water Use

Stakeholder Variable of interest Preference Willingness to compromise
Beirut Water Groundwater from Maximize groundwater Limited given rapid increase i
Authority Damour Area mining water demand and limited
options for water supply
Damour Groundwater quantity| Maintain the quality of Local aquifer can be mined by
municipality and quality groundwater; avoid sea | BWA as long as groundwater
water intrusion quality is not affected

Surface water quantity Maintain minimum water | Willing to compromise with
flow for use in irrigation | upstream users, as long as
minimum flow for irrigation is
maintained downstream

Surface water quality | Suitable standard of wateNot willing to compromise
surface water quality

Farmers Water for irrigation More water Willingness to compromise as
long as enough water is
available for irrigation

Upstream users Surface water More water Limited willingness to
compromise
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The results of a SWOT analysis (Figure 55) underiak the area identify the strengths, weaknesses,
opportunities and threats that the water sectourgently facing. Strengths and weaknesses refer to
issues internal to the area and related to its@miecharacteristics. Opportunities and threatgiraie
from outside the Damour area boundaries.

Strengths Weaknesses
— Availability of groundwater — Peak demand for irrigation occurs during
— Presence of major surface water courses summer when water is least available
— Presence of the Litani River Authority whigh- Geologic formations with fissured karstic
manages major irrigation projects bedrock and narrow steep valleys do not always
_ Limited industrial activities favor construction of dams for surface water
storage

— Acceptable level of urbanization ] i )

_ Feasibility study for water supply in the afea Water establishments and offices are established
already prepared by gec_)pc_)lltlcal boundaries rather than by water

basin limits

— Old water supply infrastructure leading to
excessive losses

— Lack of wastewater management infrastructure

— Lack of adequate monitoring data for the proper
assessment of water resources

— Seawater intrusion in coastal aquifers due to
overexploitation

— Insufficient level of awareness and knowledge of
best management practices in agriculture

— Inadequate water pricing and lack of economic
incentives for efficient water use and less
polluting practices

Opportunities Threats

— Interest from international funding sources in fhe Difficult climatic conditions with most rainfall
development of the new liberated south, leading occurring within a short period of time
to potential financial assistance that can be §sedattraction of new investments that could pose a
in water resource management activities/projects stress to water resources if not properly planned

— Sensitivity to the geo-political context that
hinders economic development

Figure 55: SWOT Analysis for Water Resources Management in the Damour Area
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3.3 Summary of Focal Problems

Table 48 presents a tentative classification of ifseies at hand in the three dimensions analysed
within the frame of the INECO project.

Table 48: Classification of Focal Problems

Type of Focal Problem Description
Sharing water — Conflicts among different water users
— Peak demand for irrigation occurs during summernuater is leas
available

— Geologic formations with fissured karstic bedrocid anarrow steep
valleys do not always favor construction of damrsstorage of surfacg
water

— Old water supply infrastructure leading to excessbsses
— Lack of wastewater management infrastructure
— Seawater intrusion in coastal aquifers due to oy@oéation

Valuing water — Inadequate water pricing
— Lack of economic incentives for efficient water @@l less polluting
practices
Governing Water — Conflicts among authorities regarding water allmrat

— Distribution of water establishments and offices ggopolitical
boundaries rather than by water basin limits

— Lack of adequate monitoring data for proper assessrof water|
resources

— Insufficient level of awareness and knowledge aoftbmanagemen
practices in agriculture

— Attraction of new investments could pose a stressdter resources |f
not properly planned

— Sensitivity to geo-political context hinders econoitevelopment

—
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4. Stakeholder Mapping

4.1 Description of Main Stakeholders

Several policy makers and stakeholders, at themaltiregional, and local levels have interesthen
integrated management of the water resources iartdse
e Constitutional Level:

= Ministries of: Energy and Water, Public Health, Eamment, Agriculture, Public Works
and Transportation

= Public agencies: NCRS, CAS, CDR, LRA

= Practitioners associations: ALI, Chambers of conumer

= Political parties

= International Organizations: ESCWA, UNDP, UNEP, FARHO

e Organizational and Operational Levels

= Beirut and Mount Lebanon Water and Wastewater Eskabent

= Municipalities of villages located along the riv&sin

= Community represented by CBOs, such as the DamouthY

= Academic institutions : AUB, ESIB, UL

= Private consultancy companies

= The industrial, agricultural, and recreational sest
Table 49 presents the main representatives of gigilps, associations and volunteers with intérest
water management in the region, whereas Table Bbnsuwizes the main policy makers and their role
in water management.

Table 49: Representative Citizen Groups, NGOs, Associations, Volunteers

Category/Group Name Number of Groups | Population/interested parties
/Associations represented (in absolute and
/Volunteers relative numbers - %)
Citizen groups 5
Damour Youth Club
C.AD.LR.
ESIB
AUB
Consumers Associations 1
Hotel & Resorts owners 3

Oceana 07-990991/03-747423

Janna sur Mer 03-182233

Al Jisr Resort
05-601245/05-601246

Private company/Small Industry 12

NGOs (environmental organisations) 3

Envirotech

Ecodit

MADA
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Governmental
Institutions

Role/Main Activities in relation to water managemern

Ministries

Ministry of Energy
and Water (MEW)

Development of the Master Plan for the manageménthe water and
wastewater sectors. (Law No. 221 of 2000, articlea2agraph 8).

Planning, implementation, and supervision of watejects (Decree No. 5449
of 1966, article 9, paragraph 1).
Designing and construction of hydraulic structufeg. construction of dams,
artificial lakes, etc.) for water abstraction. (La¥o. 221 of 2000, article 4,
paragraph 4).

Design of irrigation networks (Decree No. 5496 86@, article 18).

Issuing permits for water abstraction and the uspublic water and publi
properties (Law No. 221 of 2000, article 2, parpra).

Conducting assessment studies of water demanceiddmestic, agricultural,
and industrial sectors (Decree N0.5469 of 196&;lart6).
Development and implementation of laws and reguati aiming at the
protection and use of water resources.
Supervision and coordination of activities of ihgibns dealing with the watd
sector (Decree No. 5469 of 1966, article 1).
Monitoring and surveillance of the surface wated agroundwater quality
(Law No. 221 of 2000 modified by the law No. 377 J&f December 2001,
article 2, paragraph 3).
Protection of the natural resources (Law No. 44208§2, article 35, paragragh
1/J).

=

Ministry of Public
Health (MPH)

Monitoring the safety of drinking water (microbigically and physio-
chemically) (Decree No. 8377 of 1961, article 61).

Ministry of
Agriculture (MOA)

Management of water supply for irrigation (Legislatdecree No. 31 of 195%
article 1).
Construction of small agricultural hydraulic stues (artificial lakes, storage
tanks...)
Conservation and utilization of water resourcesc{Pe 5246 of 1994, article
96).
Enhancement and monitoring of irrigation systems ammnagement of smdll
and medium irrigation projects (Decree No. 5246984, article 103).

Ministry of Public

Provision of meteorological data through its Metdogical Department of th

U

Works and General Directorate for Civil Aviation.

Transportation — Installation of infrastructure. This includes thater infrastructure.

Ministry of — Monitoring the quality of the water resources (L. 216 of 1993, modifiedl
Environment (MOE) by the Law 667 of 1997, article 2, paragraph 2).

Protection of natural resources (Law No. 444 of 20éxticle 35, paragraph
1/J).
Establishment of national microbiological and pbgsiemical standards fq
the quality of water resources, and developmentmathodologies fo
monitoring and analysing water quality (Law 442602, article 36).

=

Regional/Local Authorities
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Governmental Role/Main Activities in relation to water managemern

Institutions

Beirut and Mount — Planning, implementation and maintenance of watejepts for the provision
Lebanon, of water for irrigation and drinking, according tise Master Plan (Law Nq.
B&MLWWA 221 of 2000, article 4, paragraph 1).

— Recommendation of tariffs for drinking water andgiation services, taking
into account the socioeconomic situation (Law N21 Df 2000, article 4
paragraph 1). Such tariffs are the revenues faetlestablishments, in additipn
to funds, grants etc. (Decrees No., 9626 of 196&le 6; No. 9627 of 1996,
article 6; No. 9628 of 1996, article 6; No. 96291806, article 6; No. 9630 qf
1996, article 6)

Council of Implementation of water projects, according toltaional Master Plan
Development and

Reconstruction

Damour — Preservation and protection of drinking water (lstagive decree No. 16 ¢f
Municipality 1932, article 17).

— Rehabilitation of water, wastewater, and stormwadeainage network
(Decree No. 7563 of 1961, article 8, paragraph d).

— Implementation of water works within their munidifmoundaries, in additio
to maintenance and rehabilitation of the netwoibecfee No. 9496 of 1962
article 10).

o7

—J

4.2 Summary of Stakeholder Interests

The Ministries of: a) Energy and Water, b) Publieath, c) Environment, d) Agriculture, and e)
Public Works and Transportation are the policy makespecially given that the water sector is under
the jurisdiction of these governmental institutiorihe Beirut and Mount Lebanon Water and
Wastewater Establishment is also considered a$icy poaker. It has however also a role in securing
potable water to local users. In this sense itatao be considered as a key stakeholder.

Regarding private companies and international argdions, they are considered to be secondary
stakeholders since they are involved in researahwtiould facilitate the process of decision making.
The municipality is considered to be the key stak#dr since it facilitates the process of
implementing the project within its municipal boanigs. As for the community, which is represented
for example by the Damour Youth Club, it is cons@tkas the primary stakeholder since they are
positively or negatively influenced by the decisidaken.

All the stated stakeholders have a direct intéreaiater management, due to the following reasons:
¢ The ministries are involved in the development oligies for the proper management of the
water resources and implementation of the policies.
o The Water and Wastewater Establishments are indoivethe implementation of regional
water projects according to the plans.
e The international organizations and private comgsiaire involved in research activities that
facilitate the decision making process,
¢ The municipalities facilitates the water works witits boundaries, and
o The water users are affected by the quality okteices provided.
As previously mentioned, the coordination and coatign among governmental institutions does not
exist. As such, it is difficult to indicate the pmticity of interaction among the different stak&ters.
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In summary, the MEW would be primarily responsifie water availability issues, and would give
advice and technical support to local water auttesriand municipalities related to such issues. The
MOE in turn would be primarily responsible for watgiality and environmental issues. The MOPH is
mainly concerned with the quality of potable wat€éhe MOA is responsible for the agricultural
practices, including irrigation practices in thaidst area, and therefore is concerned with water
availability issues as well as water quality issusated to agro-chemicals use. MOPWT is mainly
responsible, through its General Directorate fdyaar planning, for the spatial planning in the area.
The water authority is responsible for the disttidou of potable water to the local communities and
deals mainly with water availability and qualitysigs. Private consultants, universities and
international organizations are key advisors andvige technical support to the different
governmental and local authorities, as well aslloccanmunities with respect to water availability,
water quality and environmental issues. The mualitipis also a local provider of water resources
(particularly in the case of Damour), and is resiae for the implementation of local infrastruaur
works and the provision of necessary services@ddbal communities. These in turn are main users
of water resources, and would like to have suffitieater quantity of appropriate quality.
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Category/Group

Interests in relation to water
management, provision and
pricing of water services

Potential impact to the
application of institutional
and economic instruments

(+, -, N/A)

Priorities of interest in
relation to water
management (1-lowest to 5
highest)

Relationship with other
stakeholders (e.g. through
partnership or conflict)

Representatives of Groups, NGOs, Associations, Vaiteers

Damour Youth Club Water management - 4 Partnership with Damour
Municipality & NGOs for
water management awareneg

C.AD.ILR. Water management - 4 Partnership with Damour

Municipality & NGOs for
water management awareneg

Representatives of Stakeholder Associations

Association of Lebanese Provision & Pricing of water | + 4 Partnership with Damour

Industrialists services municipality & water
authorities for water
distribution to industrial zones

Representatives of Governmental Institutions

Ministry of Energy & Water | Water management, provision + 5 Partnership with water

(MEW) and pricing of water services agencies & Damour
Municipality for water
provision & pricing

Ministry of Public Health Provision + 2 Partnership with Damour

(MPH) Municipality & water
authority for water sanitation
program

Ministry of Agriculture Water management, provision + 5 Partnership with water

and pricing of water services

agencies & municipality for
water provision & pricing for
agricultural sector
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Category/Group

Interests in relation to water
management, provision and
pricing of water services

Potential impact to the
application of institutional
and economic instruments

Priorities of interest in

management (1-lowest to 5

relation to water

Relationship with other
stakeholders (e.g. through
partnership or conflict)

(+, -, N/A) highest)

Ministry of Public Works & | Water management, provision  + 2 Partnership with water

Transportation agencies & CDR for water
provision

Ministry of Environment Water management, Provisipr+ 5 Partnership with water
agencies, Municipalities &
NGOs on water protection
program

Council of Development & | Water management, provision + 5 Partnership with Ministries &

Reconstruction and pricing of water services Municipalities on
infrastructure studies and
project realization

CNRS - NCRS Water management + 4 Partnership with Ministries or
research and studies

Damour Municipality Water management, provision + 5 Partnership with Ministries of

and pricing of water services interior and public works as

well as with community for
development of Damour
region

Municipalities of villages Water management, provision + 5 Partnership with Damour

surrounding Damour Basin| and pricing of water services Municipalities & NGO's for
development of region and
water management

Representatives of Water Utilities
Beirut & Mount Lebanon Water management, provision + 5 Partnership with Ministry of

(B&MLWA)

and pricing of water services

Hydraulic Resources &
Municipalities for ideal water
management & distribution
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Category/Group Interests in relation to water Potential impact to the Priorities of interest in Relationship with other
management, provision and | application of institutional relation to water stakeholders (e.g. through
pricing of water services and economic instruments | management (1-lowest to 5 partnership or conflict)
(+, -, N/A) highest)
Barouk Water Agency Water management, provision + 5 Partnership with Ministry of
and pricing of water services Hydraulic Resources &
Municipalities for ideal water
management & distribution
Representatives of Related Services
ELARD Water management, provision + 5 Partnership with Municipality,
and pricing of water services Ministry of Environment &
NGO's for establishing field &
case studies
Environmental NGOs
Envirotech Water management, provision + 5 Partnership with
and pricing of water services Municipalities & community
& Ministry of Environment for
ideal usage of management
water resources
Ecodit Water management, provision + 5 Partnership with
and pricing of water services Municipalities & community
& Ministry of Environment for
ideal usage of management
water resources
MADA Water management, provision + 5 Partnership with

and pricing of water services

Municipalities & community
& Ministry of Environment for
ideal usage of management
water resources

—h
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1. General overview

¢l

1.1 Country overview

1.1.1 Geography and topography

Syria, with a total area of 185,180 km?, is bordeire the north by Turkey, in the east and
southeast by Iraq, in the south by Jordan, in thehswest by Palestine and in the west by
Lebanon and the Mediterranean Sea. Administrativéte country is divided into 14
governorates, one of which corresponds to the alagfitbamascus.
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Figure 56: Overvi"ew map and governorates of Syria
The country can be divided into 4 physiographidoes;

e The coastal region between the mountains and the se

e The mountains and the highlands extending fromhtwtsouth, in parallel to the
Mediterranean coast;

e The interior plains, located east of the highlaradsl including the plains of
Damascus, Homs, Hama, Aleppo, Al-Hassakeh and&ara’

¢ The Badiah and the desert plains in the south-eaptt of the country, bordering
Jordan and Iraqg.

The total population is 18 million (2004), of whidB8% is rural. Actual population growth is
3.3%. In 1993, agriculture employed around 17.1%hef total labour force, accounted for
nearly 22% of GDP and 60% of non-oil exports.

1.1.2 Climate and water resources

Climate

Syria’s climate is Mediterranean with continent#luence, including cool rainy winters and
warm dry summers, with relatively short spring aamgumn seasons. Large parts of the
country are exposed to high variability in dailynfgerature, with the maximum difference
being as high as 32°C in the interior and abouCli8°’the coastal region. The total annual
precipitation ranges from 100 to 150 mm in the maevest, 150 to 200 mm from the south
towards the central and east-central areas, 360Ganm in the plains and along the foothills
in the west, and 800 to 1000 mm along the coastjrareases to 1400 mm in the mountains.
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The average annual rainfall in the country is 252, nyielding an annual water crop of
46.6 km3.

Syria is considered an arid to semi-arid countharacterized by water scarcity and the
unbalanced spatial distribution of water resouredsch does not match the distribution of
population. This exposes available water resou@essgnificant quantitative and qualitative
pressures, with high water demand exceeding thalyoavailable water resources in certain
regions.

Surface water

The country has a relatively dense hydrographietvark, when taking into account that
approximately 2/3 of its area is dry. This netwodkprises several permanent and temporary
rivers and streams with flow for only a few dayte$e are concentrated in the western and
northwest areas of the country. In general, thevoikt can be classified in accordance with
the natural system to three categories:

1. Permanently running rivers, which include 24 rivers, three of which are tidmies
to major ones (e.g. Euphrates, Tigris, the Greathéon River, Yarmouk etc.).

2. Temporarily running rivers , with seasonal flow (for only a few months): There
more than fifty rivers located in the western pairtthe country (in the basins of
coastal areas, and those of Tigris and Yarmoulq, faw others at the Euphrates
basins (e.g. Snoubar, Haweez and AlHosn) etc.

3. Seasonal streamswhich flow only for a few days per year, and aeread
throughout the country but are mostly concentratg¢tle northern and eastern parts.

The volume of available surface water resourceSyiria, excluding its share on the Tigris

River, is estimated at 11,515 billion m3. Surfacatev resources correspond to 60% of the
country’s overall water resources, excluding thgrigishare (and 67% inclusive). However,

at present, river flow has been reduced to thenexibat several rivers are seasonally dry (e.qg.
the Barada, Khabour, Aawag and most coastal oRes)hermore, several river beds have
been actually converted to drainage canals of diqaiid solid waste. This is the case of
Tartous, where there are 350 waste drainages dimatnr streams, valleys and rivers, and
where part of this waste ends to the river mouthiamischarged to the sea.
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Table 52: Major rivers entering, bordering and leaving Syria

Name of river Inflow into Syria (km3/yr) Outflow from Syria (km3/ yr)

From Natural | Actual To Natural | Agreement
Euphrates Turkey 26.29 15.76 Iraq 30 9
Tributaries of Turkey 1.74 1.74 -
Euphrates
Afrin Turkey 0.19 0.19 Turkey 0.25
Orontes, El Kebir Lebanon 0.51 0.43 1.2
Yarmouk - - Jordan 0.4 0.2
Baniyas - - Occupation| 0.125

Arab lands

Sub-total 28.73 18.11 31.97H 9.2
Bordering Tigris 50% of 9 9

total
Total Inflow 37.73 27.11 Outflow 31.975 9.2
Groundwater

Several assessments have confirmed the presegceunidwater in most rocky masses of the
Syrian territory. Those surveys have also revetilatithe quantity, quality and depth of those
waters depends on geology, i.e. the nature of rabks physical quality, their geographical
distribution and location. The aquifers of the doyrcan be categorized into three major
groups:

1. Cracked carbonate and karstic rocks which contain low salinity water with
concentrations ranging between 250 and 500 mgésdtaquifers are characterized
by high productivity, supplying hundreds of spring@sg. the Al-Feejeh, Al-Sin, Ain
Arous). They are spread patrticularly at the coamtehs and the valleys of Aleppo,
Hama, Homs, Upper Jazeera and at the Palmyrian tdioufRange, and lie at
relatively large depths, 200 to 250 m on average.

2. Detritus rocks, which form porous mediums and in general conteater of good
guality. Their water production is lower than thardtic aquifers, and the average
depth ranges between 10 and 80 m. They are mastitdd in the detritus valleys
(e.g. the Damascus Ghouta and Al-Jazerah), innmtientain basins and valleys (e.g.
Jairoud and Al-Dow, etc).

3. lgneous rockswhich widely spread in the southwest of Syria atsb in Homs and
Al-Jazeera. These rocks are made of basalt, wiiobams water in its cracks or in
the sand layers found among the different basgéirta They are characterized by
good water quality, i.e. 150-300 mg/l. Water flowtheir wells ranges between 5-
15 I/s, varying according to the degree of cleavag®aquifer depth (20-300 m).

In all areas, aquifers are severely depleted; timstant overexploitation is manifested by the
significant drop of water levels in most basinsg(emore than 60 m at Oteibah in the
Damascus Basin). Furthermore, several springs tiaed out (e.g. springs in the Damascus
Valley, such as the Kallaya and the Ras Al-Einrggs) or their flow has been reduced (e.qg.
the Mzeireeb spring in the Al-Yarmouk basin).
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Non traditional water resources

The total agricultural and industrial discharge baen estimated by the Ministry of Irrigation
to 3,526 billion m3 for the period 2003-2004. Thidume naturally increases, as a result of
the inter-annual water demand growth. Untreatetlaits are discharged throughout the
country and constitute the primary source of palufor surface and groundwater resources,
and soil. In this regard, the treatment of wastewest currently one of the main priorities of
the State for ensuring environmental protection.

Overall water budget and spatial distribution

The total maximum volume of renewable water resesins equal to 18,209 billion m3/yr
(Table 53). Furthermore, on an average year, fawdhumes are sufficient for the cultivation
of 3 million ha (in 2003 3.3 million ha of non {gated land were cultivated) of rainfed crops
and for improving the condition of natural pastures

Table 53: Renewable water resources in Syria (billion m3)

Nature of water resources Quantity
Groundwater resources 6044
Surface water resources 4288
Minimum amount of Syria’s share of Euphrates water, 6627

according to the protocol signed with Turkey in 7&$d the
agreement signed with Irag in 1990

Tigris river water allocated to Syria as agreedrupdh Iraq in 1250
the year 2003. A similar agreement is needed wittkdy.

Overall, the water resources of the country aridiged to seven basins, namely: the Barada
and Aawag basin, the Orontes basin, the Al-Yarmbakin, the coastal basin, the desert
basin, the Aleppo and Euphrates basin, and thaésTagid Khabour basin. Water availability
in each is presented in Table 54. The table cledglyonstrates the imbalance between the
spatial distribution of population and availabletevaresources. For example, available water
in the Damascus basin represents less than 5% abimtry’s water resources. However, the
Damascus basin accounts for 29.7% of the total latipn. On the other hand, the population
of the Euphrates basin represents a share of 3afa¥e total, and concentrates 60.5% of
water available, not including Syria’s share of Thgris river water.

Renewable water resources per capita are equad® In3/cap/yr. This rate is decreasing, as
a result of population growth. Furthermore, acawgdio data of the Ministry of Irrigation,
this decrease in the per capita share of availabter reaches the level of water poverty, as it
can fall from the average value of 1,015 m3¥/capsythe value of 747 m3/cap/yr, and even to
577 m3/cap/yr during drought episodes.

Water use

Available water resources in Syria are used foramrtand industrial water supply,
hydroelectricity production and crop irrigation. #lable estimates show that in 2003 the
total volume of water used exceeded the amoun6 diillion m3, as illustrated in Table 54.

More than 90% (92.88% according to the MinistryAgfriculture and Agrarian Reform) of
available resources is used in irrigated agricaltiVater is used for the irrigation of
approximately 1,350 thousand ha, throughout thenttgu However, the cultivated area
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represents less than 23% of the total arable |dn8.&million ha, most of which is not
irrigated (Ministry of Agriculture and Agrarian Refn, 2003). Those areas are irrigated
through boreholes, surface water, irrigation sclemeveloped by the Government, and
through river and spring water.

Estimates and figures for water resources are diffigult to obtain due to the lack of reliable
data. Groundwater recharge is about 4.2 km3¥/ywluth 2 km3 discharge into rivers. Total
groundwater inflow has been estimated at 1.35 lemt/yof which 1.2 km3 are inflows from
Turkey and 0.15 km3 from Lebanon. Although not difiexd, the amount of groundwater
flowing into Jordan may be significant.

Dams and lakes

There are 141 dams in Syria with a total storagmac#y of 15.8 km3. The largest dam is
located at Al-Tabka on the Euphrates. It formsAhéssad Lake with a storage capacity of
11.2 km3. Medium-sized dams include the Al-Rast@25(million m3), the Mouhardeh
(50 million m3) and the Taldo (15.5 million m3). de are some 20 dams classified as small,
the largest of which is the Dara'a, with a storegpacity of 15 million m3. The majority of
these dams are located near Homs and Hama.

Apart from the Al-Assad Lake, there are five lakesSyria, the largest being Lake Jabboul
near Aleppo with a surface area of about 239 krakelQattineh near Homs is the most
significant perennial lake of the country.

Overall water balance

Table 54 illustrates the evaluation of the averageual water balance of Syrian water basins
as calculated by the Ministry of Irrigation for Z200rhe calculation takes into consideration
the renewable surface and ground water resouroceslbas non-traditional resources and the
utilization of water by the different sectors. ftosild be noted that renewable water resources
and the Syrian portion of shared water are to emsnef the balance that need to be
recalculated.

1.2 Overview of the Barada River Basin

1.2.1 General features

The Barada Basin, the area selected for the impiatien of INECO in Syria, is located in
the southwest part of the country, and stretcha® fthe western mountainous of Damascus
including Sheikh and Kalamon Mountain in the nddtthe Qunatera and Jolan highlands in
the south and from Lebanon in the west to the 8ybDiasert in the east (Figure 57).
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Figure 57: Location of the Barada Basin
The basin extends over an area of 8,630 km?, amtbeaivided into two distinct regions:

¢ The mountainous area in the northwestern moungaige which occupies an area of
3,500 km? approximately, and includes the East heba and Palmyra Mountains.
The altitude reaches the maximum of 2,814 m aAtkigheikh Mountain Peak.

e The plain comprising the Ghouta forest and surroundreas, which extends over an
area of 5,100 km2 approximately, and has an aétittmhging between 595 m to
1,400 m above sea level.

The basin includes the prefectures of Damascuspartd of the Rural Damascus Darra and
Sweida prefectures (70%, 11% and 19% respectively).

The climate varies, as a result of the altitude differencemfrdesert climate in the plains, to
mild wet in areas where altitude exceeds 2,000ne finfall spatial distribution varies
considerably: the largest amount, around 1,500800Lmm is observed in the western part of
the basin, in the high-altitude areas (Haramon Simeler Mountains). Rainfall is least in the
plain (Ateibeh and Hijane Lakes), being equal toudt®0 mm/yr. Annual evaporation in the
mountainous region is between 300-350 mm and 9@ab®0n the plain, but reaches the
value of 380 mm/yr in the forest of Ghouta. Pramgiwinds are northwestern in the NW part
of the basin and south-western in the southeastgian.

The totalpopulation of the basin is more than 4.5 million, accounfiogapproximately 21%
of the total population of Syria. Population growtries between 1.68% in the Damascus
City and 4.48% in other zones of the Basin.

1.2.2 Environmental issues

The Barada Basin is the area where the capitayyod SDamascus, is located, and therefore
the region that concentrates most of the humanites in the country. According to the list
of policy priorities set by the Ministry of Local diwinistration and Environment, an
immediate action plan should be drafted and impleetkin order to addresgter pollution
issues At present, the efforts undertaken in order tdrass the problem are incomplete due
to: (a) the absence of environmental law, (b) lagige limitations, and (c) lack of
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environmental awareness. Most manufactories digehaontaminants to the sewerage
system or simply to land and rivers without treattmdree of charge and without penalties
being enforced. In addition, the spatial dispergibmicro- and small-scale industries hinders
the effective control over discharges. The curragticultural practices, which include
excessive application of fertilizers and pesticjdegerexploitation of water resources and
application of inefficient irrigation methods haakso contributed to the exacerbation of water
pollution in the area.

These issues and their causes and effects areeffudisscribed in Section 3.2 of this
document.

T
Figure 58: The Barada Spring in North Damascus
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Table 54: Water balance of an average year of water basins in Syria
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Water balance | Unit Khabour & Euphrates & Orontes Coastal Barada & Yarmouk Badia Total
components Tigris Aleppo Basin Aawaj basin

Basin area in Syria km? 21,129 51,238 21,624 5049 8630 6724 70,786 185,180
Total basin area/area 0f% 11.7 28.3 10.1 2.8 4.8 32 39.1 100
Syria

Surface water million m3 788 7105 1110 1557 12 180 163 10,915
Ground water million m3 1600 771 1607 778 838 267 183 6044
Total surface and groundmillion m3 2388 7876 2717 2335 850 447 346 16,959
water

Degree of organization million m3 95 95 85 65 90 85 60 575
Available water resources million m3 2269 7482 2310 1518 765 380 208 14,932
Recycling of treated million m?2 95 306 325 0 260 72 35 1120
drainage water

Reclaimed agricultural million m3 430 575 210 57 89 32 0 1.402
drainage

Total water resources million m3 2794 8363 2872 1575 1123 484 243 17,454
Demand on irrigation water;,  million m3 4300 5755 2093 566 983 400 68 14,165
Demand on drinking water |  million m3 38 322 240 124 270 89 44 1127
Demand on water for million m2 89 86 229 85 76 7 2 574
industry

Evaporation million m3 132 1.614 148 16 6 31 15 1962
Total Demand million m3 4559 7777 2710 791 1335 527 129 17,828
Water Balance million m2 - 1765 586 162 784 -212 -43 114 -374

Deliverable 3

Version: Final, Dissemination Level: PU

Date: 25/09/2007

185/266




INECO P

@b

2. Institutional & Financial Context

Overall, the Ministry of Irrigation is in charge dffrigation projects, dams, planning, research,
operation and maintenance of major hydraulic itftecture and pollution control. The Directorate of
Irrigation is involved in water resources studiewl aurveys, water legislation and the sharing of
transboundary waters.
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Figure 59: Organisational structure of the Ministry of Irrigation
There are six other departments/entities underdbponsibility of the Ministry of Irrigation: (ajé
Euphrates Basin Development Authority, (b) the Eapds Basin Land Reclamation Authority (c) the
General Company for Hydraulic Studies, (d) the Gan€éompany for Water Projects (e) the General
Commission for Water Resources (GCWR) and the @hdbal establishment for land reclamation
(Figure 59). Furthermore, the Ministry of Irrigatias in charge of groundwater monitoring and the
issuing of licenses for well and borehole drilling.some areas with a high concentration of wells,
such as parts of the Aleppo and Salamieh areasrwables are dropping, and the Ministry is
exploring alternative options of increasing reclargshallow aquifers.
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Figure 60: Organizational chart of the General Commission for Water Resources
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The General Commission for Water Resources in timéstarial department which deals with issues
on integrated water management and with the coatidim of the various water resources directorates,
established in the different river basins (Figuf®. @-urthermore, the GCWR controls the Water
Resources Information Centre (Figure 61).

Director General of GCWR

Water Resources Information Center

|
l |

Collection & Classification Analysis and System Technical Support Follow up and
Section Management Section Section Administration Office

Figure 61: The organization of the Water Resources Information Centre

2.1 |Institutions & responsibilities

Overall, the water sector in Syria is administratgdiifferent Ministries and institutions, with bght
overlap in responsibility. Those ministries arerafiresented in the Higher Water Committee, whsch i
presided by the Deputy Prime Minister for serviafairs.

There are five ministries (Ministry of Housing & @struction, Ministry of Health, Ministry of
Irrigation, Ministry of Local Administration & Envonment and Ministry of Agriculture & Agrarian
Reform) involved in monitoring the quality of gradinand surface waters, through their own
specialized laboratories and according to theirdases and responsibilities (Table 55).
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Table 55: Responsibilities in water quality monitoring

Authority (Ministry) Responsibility Types of analysis Periodical
occurrence
Housing and construction] Drinking water analyses| Chemical-bacterial- Regular for
(MoHC) heavy metals- chemical and
hydrocarbon bacterial analysis
components
Health (MoH) Drinking water analyses  Chemical aadtbrial | In cases of
epidemics
Irrigation (Mol) Drinking water-river and| Chemical-bacterial and| On demand-
well water analyses heavy metals regularly for some
rivers
Local administration and | Drinking water analyses| Chemical-bacterial- In case of
environment (MoLE) hydro carbonate emergency
elements
Agriculture and agrarian | Soil analyses Heavy metals According to
reform (MoAA) research
requirements

Additionally, Directorates for Water Pollution Aleahent in river basins, which are controlled by the
Ministry of Irrigation, undertake periodic analydes monitoring surface and ground water resources
throughout the country, and the potential pollut®ources of rivers, canals and the surrounding
environment. The overall process includes obtaimager samples from rivers and monitored wells
throughout each basin, and the undertaking of phl;sthemical, bacterial and biological analyses as
well as analyses on heavy metals and toxic elemBatsults are documented by the Directorate, and
copies are sent to all parties involved, includihg explanation of results, the identification of
pollution sources and suggestions for their eliriama

In summary:

The Ministry of Irrigation and its Directorates are responsible for administering the
development of water resources, for the regularitoong of surface and ground water
quality and for ensuring that water is available fwigation purposes. Furthermore, the
Ministry of Irrigation is also responsible for tineonitoring of groundwater abstractions and
for the issuing of licenses for future wells anddimles.

The Ministry of Agriculture and Agrarian reform is responsible for water conservation in
the agricultural sector. This includes promoting thpplication of provision of modern
techniques for water conservation, and the cultwadf crops with lower water demand.

The Ministry of Housing and Utilities is responsible for the distribution of drinking teain
urban and rural areas and for domestic wastewatnent.

The Ministry for Local Administration and the Environme nt, which is responsible for
monitoring and controlling water quality, and fesiling national standards for the protection
of water resources.

Table 56 outlines responsibilities in water managetnthrough the illustration of the water resoarce
planning matrix.

Table 56: Water resources planning matrix

ACTIVITY Mol MoHC MoH MoLE MoAA

Surface waters

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level; PU 188/266



INECO

ACTIVITY Mol MoHC MoH MoLE MoAA
Use X X
Storage X
Groundwater X
recharge
Diversion X
Quiality monitoring X X X X X
Assessment X X
Groundwater
Use X X
Storage X
Recharge X
Quality monitoring X X X X X
Assessment X
Well permits X
Irrigation network
Rehabilitation X X X
Modernisation X X X
Reuse
Drainage water X X X
Wastewater X X X
Desalination
Introduction of X X X X
technology
Efficient water X X X
utilisation
Domestic X X
Industrial X X
Agricultural X
Legislation
Regulation and X X X X X
codes
Standards X X X X X
Policy setting X X X X
Water allocation X X X
Project financing X X X x
Project design X X X x
Project X X X x
implementation
Operation and X X X
Maintenance
Pricing (tariffs) X
Enforcement X X X

Water data records
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2.2 Legislation

Table 57 outlines the main list of laws and redgata governing the water sector, their focus, aunte
and status of implementation.

Table 57: List of Water Laws and regulations

Reference Focus Content Implementation
Status
Establishment | Establishment of | The law describes the tasks of HIWM, New decree,
of the Higher | the State scientifig which include the following: HIWM is currently
Institute for board, for the - Undertaking research and scientifibeing launched.
Water “Higher Institute experiments, in collaboration with
Management | for Water Ministries related to water
Legislative Management management.
decree No. 27 | (HIWM)”, placed | - Designing and implementing trainirg
for the year under the programmes at various levels and
2007. authority of the themes in the field of water
Dated: Minister of Higher management.
13/4/2007 Education. - Reforming technical resources in the
HIWM aims at ministries involved in  watef
developing human management within a framework to pe
resources in the agreed between HIWM management
field of IWRM. and the relevant Ministries.

- Providing of technical and scientific
assistance and consultation to the State,
the public and private sectors.

- Cooperating with local, Arab and
foreign societies for water-related
research and studies, training, pgst-
graduate studies and exchange | of
information and experience.

- Providing PhD studies and degrees| in
the field of water management.

Water General - Definition and arrangement of gllThe mostimportant
legislation framework for rights on water resources. law for water sector
Law No. 31 for | water resources | - Regulation of the use of State waldt is considered

the year 2005. | management networks and infrastructure. comprehensive, but
Dated: - Procedures for the licensing of welnot fully effected
16/11/2005 and borehole driling and thebecause the

exploitation of pumping equipment. | Government grantedi
- Penalties for destruction, sabotag ‘grace” period to
dissents and water theft. industries and the
- Implementation of water police (aOWners of illegal
committee  for identifying law Wells and boreholes
offences). to comply with the
- Organisation of water assessments aﬁadN'
surveys by the State.
- Establishment of Water Usefs

Associations.
Establishment | The General The law defines the following GBWR GBRW has
of the Board for Water | responsibilities: prepared many
“General Resources - Management,  development  apgtudies and taken
(GBWR), is a many decisions
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Reference Focus Content Implementation
Status

Board for state board of protection of water resources in alfelated to its

Water admininstrative river basins of the Syrian Argbmission. Overall, it

Resources” character, Republic. can be considered

Legislative controlled by the | -  Supervision of investments and contydhat the Law is

decree No. 90 | Ministry of of water resources and watebeing implemented.

for the year Irrigation. infrastructure in all river basins

2005 This board will (Euphrates, Orontes, Tiger, Khabolir,

Dated: gradually replace Barada & Awaj, Yarmouk and semi

29/9/2005

(a) all State Water
Departments for
water basins, (b)
the technical
centralized

departments of the

Ministry, which
deal with relevant,
water-related
issues and (c)
Irrigation
management
departments
which belong to
the General
Establishment of
the Euphrates
Dam.

desert areas).
- Formulation of strategies for executi
the adopted water policy, for ensuri

development of water resources.
- Identification of ways of furthe

exploiting water resources, under the

coordination of specialized Ministrig
and other institutions.

- Formulation of mechanisms ar
options for exploiting water resourc
in a way that protects all river basir]
with the coordination/collaboratio
with other, relevant Ministries.

- Exploitation, maintenance ar
infrastructure, definition of standar
for assessments, implementation 3
supervision of commissioning ar
operation of facilities.

- Training and education of technic
staff within and outside the country,
cooperation and coordination wi

various scientific boards to achieve the

targets of the HIWM.

- Proposal of relevant legislation need
for the implementation of HIWM
tasks, etc.

9

.

S

d
PS
S,
n

d
s
d
al

n
h

g
the comprehensive and sustainaple

development of projects and Wa(Ler

and

ed

Establishment
of the General
Company for
Water
Projects”
Decree No. 167
for the year
2004

Dated: 7/5/2003

The Law foresees
the establishment
of a General
Construction
Company under
the title “General
Company for
Water Projects-
GCWR. The
company is under
the control of the
Minister of
Construction and
Buildings.

The law foresees that the GCWR will
integrate different, already established
companies, such as the General Compan
for Land Reclamation and General

Company for Irrigation and Potable Water.

The newly established institution will
undertake the implementation of water-

related projects, including those for sanitary
and

drainage, land reclamation, maintenance
other public works in the country.

y

Implemented

Establishment
of the
“General

The law foresees
the establishment

of a General

The company undertakes all assessment
surveys, and studies for irrigation projects

land reclamation schemes, groundwater

5, Implemented
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Reference Focus Content Implementation
Status
Company for | Company under | management, and the management of all
Water the title: relevant infrastructures, and of everything
Studies” “General required for those projects, which are of
Law No. 16 Company for agricultural and social character.
1983 Water Studies”, Furthermore, the company undertakes all
Dated: controlled by the | surveys, assessments and studies for the
27/10/1983 Minister of construction of small and medium-scale
Irrigation. dams on rivers and flood protection

schemes, and the use of water stored for
irrigation and energy production.

Finally, it is authorized to check and
validate engineering design for irrigation
and dam projects.

2.3 Financial framework and pricing

Water pricing can be viewed as an economic instnirreeimprove water allocation. Water can have
two sets of prices: one corresponding to supplyscasd one corresponding to the full economic cost.
Supply cost recovery corresponds to covering ttetscarising from the operation and maintenance of
water utilities to which one can add investment ciogerest and depreciation on borrowed capital to
obtain the full supply cost. Economic costs incltde opportunity cost relating to the fact thatevat
should be allocated to its highest value usesderaio maximize social welfare, adding resourcéscos
arising if water is economically scarce. In additim supply and economic considerations one can
integrate the fact that a certain use of water immppse costs on other users (social costs) anfhtthe
that environmental damage costs arise if waterssdulenvironmental damage costs), in order to
present the full cost pricing. Almost nowhere dorfars pay anything near the supply cost of water,
let alone its economic cost.

Because water in general and irrigation water intigqadar often require initially large capital
investments in infrastructure development, govemisiare often required to allocate water resources
using various mechanisms, some more efficient anteseasier to implement than others. Decision
makers generally apply water pricing of one typamother. Yet, and against any rational expectation
irrigation water prices in most of the countriestbé Middle East are low and reflect neither the
scarcity of the resources nor the important invesiisi required for the mobilization of water. Intfac
since the 1960s and 1970s, the economic and udaiogppment has compelled public authorities to
promote irrigated agriculture as the unique wagaifsfying the food needs of explosively increasing
populations. This policy considered essentiallyvjalimg water at low prices, largely lower than
mobilization costs and with increasing subsidies.

In Syria, beneficiaries from public irrigation sgsis are subject to service charges which intend to
recover some of the investment made as well acadlsé of operation and maintenance of public
networks. This makes Syria one of the few countimethe developing world where an attempt to
recover capital costs is implemented. The capitat ®f construction of irrigation and drainage
projects and rehabilitation is recovered by theegoment from farmers taking into consideration the
development cost for an amortization period of 8arg with no interest charged nor corrected by
inflation. The amounts paid range from the equivatd US$ 40 to 120 per hectare. Capital costs are
calculated as average costs in each basin, andstre cannot sell part or all of the reclaimed land
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before all the 30-year payments are made. Tablpré@ides the cost of irrigation development in
selected basins. Capital cost payments are fumhehéo the National Debt Fund which is
autonomous, within the Ministry of Finance.

Table 58: Cost of irrigation development in selected basins (Source: FAO-MAAR)

Basin Cost ($3US/ha)
Tigris and Al-Khabour basin (Al-Hasakeh) 2740
Euphrates basin (Maskeneh Gharb) 3560
Euphrates basin (Beer Al-Hashem) 1230
Yarmouk basin 1210
Coastal basin 1092

Like in many other developing countries, operatimm maintenance costs of irrigation and drainage
systems in Syria is charged as a flat rate perafrairea. The charge is based on average rather tha
marginal costs of supply and does not include giowing for depreciation. According to the Ministry
of Irrigation, Syrian farmers pay about 80% of tperation and maintenance costs. As of December
1999, farmers have been charged for the cost aperahd maintenance equivalent to US$ 75/ha,
when the estimated average total regular operatmhmaintenance costs for the delivery of water up
to farm gates, excluding dams, are estimated aitd®$ 90 per hectare. The fee is only for irrigate
areas and is not applied when no irrigation watevailable.

This operation and maintenance charge is regarsledpoperty tax, since the amount to be paid is
notified by the Ministry of Finance to each Govaate based on the irrigated area for each landholde
and is paid at the local branch offices of the @drBank. No penalties are imposed if the uses faii

a payment. Surcharges are applied on late feescordance with the laws governing late payments
on taxes in the country. This may be due to eilrotBe preparation of lists of users at the Goveate
level by the Ministry of Irrigation, underestimaginthe number of farmers compounded by
inefficiencies in the billing and collection proses.

Similarly, the structure of the water tariff forpplying safe drinking water to consumers partially
recovers the costs of water treatment, network eaance and operation. Its structure is based on
social considerations, and applies the IncreasilogkBRates, according to the volume of water
consumed. Values are outlined in Table 59.

Table 59: Domestic water tariffs

Sector Water consumed (m3) Tariff (S.P./m3)
Household 1to 20 3
Household 20to 30 4.5
Household 30to 60 13.5
Household Over 60 19
Governmental Agencies 8.5
Industrial, commercial and tourism sectors 22

This situation is becoming unsustainable. Firsilyd also as a result of low prices, water demand is
increasing so rapidly that it will soon be hardsttisfy with only mobilized resources. Secondly,
easily mobilizable resources have already beerogggland the development of new resources would
be possible only at high costs.
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3. ldentifying Focal Problems in Water Management
3.1 The national context

3.1.1 Constraints facing the water sector

The agriculture sector is a major source of incoimeign exchange and employment in Syria. More
than 50% of the total value of agricultural prodaoctis produced from irrigated land, which
constitutes only 18.6% of the total land cultivat@diarge part of cereals’ production, as well ds a
significant cash crops including cotton, tobaccd angar beets are produced on irrigated farms. The
development and use of water has been carriechastfar on an ad hoc basis, mainly by responding
to the various demands. The need to increase famtliption has resulted in the construction of dams
for irrigating lands in their vicinity. Furthermarthe rather high prices for food crops, and eslgci
the recent ones for wheat, have resulted in a rimgictase of wells and in the overexploitation of
groundwater. In addition, population growth and fgreliferation of industries in major cities have
contributed to the further exploitation of the lied water resources.

Under the latest development plans, almost 60 & @ public investment in agriculture was
allocated to irrigation development, in particufar the construction of the Tabga dam and the
establishment of the Assad reservoir. In the Damsbasin, irrigated agriculture has to compete with
the increased land and water demand linked todkiglential and industrial expansion, and has been
considerably reduced over the past decades.

Irrigation development depends to a large extenh@m Syria reaches agreement with neighbouring
countries on the sharing of transboundary watesuregs (Turkey, Lebanon, Jordan and Iraqg). The
identification and implementation of policies, pragimes, projects and techniques to improve
efficiency in water use and to better control stefavater and groundwater exploitation are the
important challenges currently faced by Syrian @etnakers. Future projects have been planned by
the Government for the development of major irigatschemes, including 91,000 ha in the
Euphrates basin, 150,000 ha in the Khabour (triguththe Euphrates) basin with the construction of
a reservoir north of Al-Hassakeh, 150,000 ha inTigeis basin by pumping from the Tigris river and
72,000 ha in the Orontes basin (AlGhab).

3.1.2 Focal water management problems at the national level

The water sector should face up to different chals, particularly related to the management of the
available water resources. Problems mostly emexa the weak linkage between water planning

and management and societal needs, and the laggsupes associated with most economic activities.
The major problems affecting the entire water secamd depicting the need for reviewing and

adapting the overall water management framework are

e Thelack of knowledge and assessment on the water budgaroughout the country and at
the river basin level. Several, exploitable resgriemain unknown, as well as the rate of
annual recharge and other water balance elemehts.albsence of this knowledge base is
considered a major impediment in achieving comprsive management and balanced
investment in the exploitation of water sources.

e The lack of integration of functions among the different parties involved in water
management operations, especially with regard tem@olicy and legislation formulation,
water allocation and investment plans. Legislai®not targeted at achieving sustainability,
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and at present, there is ho master plan specifyifang-term framework for the sustainable
development of water resources.

e Applied economic tools and incentives are ineffeete in reducing water demand and in
providing funds for increasing water availabilitydaefficiency in water use, while reducing
water waste. Such goals cannot be achieved by &terwsector alone, in isolation from the
economic and social options adopted by the Statewveithout taking into account other
important political considerations.

e Throughout the country, there lsck of efficient systems for monitoringthe quantity and
quality of water resources. This results in theauffisiency of data which are necessary for
formulating policies and processes for preventingrexploitation and pollution of water
resources.

e Therole of water users and beneficiariesn planning and water management is not being
adequately considered. However, individual wategraisare responsible for the extensive
arbitrary exploitation of water resources, and @oundwater overpumping. The most
important effects of those practices are manifestekle:

e Drop in groundwater levels (which indicates a daseein the volume of water stored),
in several parts of the country. This decreasecaasinued over the years, up to the
point that several springs and wells have dried am several aquifers have been
pumped to exhaustion. This is the case in the Damsakalamoun, North Aleppo,
Hama Kneitra, Rikkah and Hasakeh areas.

o Deterioration of water quality and increased sgliniexperienced in the Eastern
Damascus Valley, and Beida to the west of PalmPansarkho, Hamidieh, Akkar
valley at the Syrian coast and other areas.

e The inability of the current institutional framework , which is characterized by the
multiplicity of authorities and overlaps in respiigy, to achieve sustainable water
management.

e Thelack of communication and data exchangeamong decision-makers, engineers, and
water management specialists and professionals,tledack of human resources which
would enhance the development of an integrated rwatenagement plan. Regulatory
principles for establishing a system of specialigtse recently drawn under the supervision of
the Syndicate of Engineers.

e The present policy has failed in developing andsigliag opportunities for thelevelopment
of the required human resourcesThere is lack of high-level expertise, equipmenfplies,
laboratories, raw materials, spare parts and fiahricansparency. Those difficulties are
themselves problems, and result in the exacerbafisome of the aforementioned issues.

3.2 Water management constraints and problems inth e Barada River Basin

As already presented in Section 1.2, the Barada basin, where Damascus is located, is a region
which faces intense water pollution issues, whiakiehresulted in the significant degradation of the
Barada river ecosystem. Efforts to address thel@mobave been thus far limited and ineffective, and
new initiatives are being undertaken, with the aifnbetter coordinating programmes, raising
awareness among water users and building the infcasre required for addressing the issue.

At present, and with the exception of the Damasitysand few suburban areas, all the settlements of
the basin discharge their wastewater onto land@ntwo rivers of the basin, causing a high level of
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contamination. Furthermore, almost all the wastewajenerated from industrial activities is
discharged mainly to Barada River without prioratreent, except for some large and rather new
factories. The amount of BOD resulting from indisdteffluents discharged to the Barada River is
estimated at approximately 12.5 ton/d. Althoughugdwater contamination from industrial activities
has not been yet confirmed, it is quite probaldeaguifers are recharged by the river.

@b

Figure 62: The polluted Barada River

Historically, the Barada river was a vital watesaarce, as it sustained forest of the “Ghouta” ciwhi
was a source of food for the populations of théomegand a very rich ecosystem. The river was ait th
time not only a water source, but also consideeed aultural heritage. However, in recent years, th
river ecosystem has been extremely damaged due to:

e The significant pollution loads, which exceed thegers dilution and self-purification
capacity.

e Climate change and the significant decrease ofathin the area.

e The diversion of water from the main river sprinfj Feige, which is currently used for
drinking water supply.

With regard to pollution, the uncontrolled dischawand disposal of waste into the river has ledhé¢o t
significant deterioration of water quality and dasst allow for its safe use for industrial and/or
agricultural activities. Furthermore, the uncor&dldisposal of toxic, chemical products, primarily
from lead industries and battery manufactories atss resulted to severe soil pollution.

The Syrian government is working on several imgurfaojects in order to improve water quality in

the Barada Basin. It should be noted that new leg®s requires that tanning manufactures move
from the river vicinity to the new industrial ared Adra (in northern Damascus), where a new
wastewater treatment plant has been built. HowetierJaw is not adequately enforced and there is
significant delay in its implementation. Furthermporthe State, with the support of JICA has
undertaken a new monitoring initiative addressifgp asurface and groundwater quality, especially
along the Barada basin rivers. More details onphigect are presented in the Annex.
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4 ldentification of Stakeholders
The main organizations involved in water managenagwt water pollution issues in the region are
outlined in Table 60.

Contact details for representatives from theserorgsions are presented in the corresponding sectio
of the Appendix.

Table 60: Organizations with role/interest in water polluction issues in the Barada River Basin

Organization

Ministry of Irrigation.

Damascus Water Authority.

Damascus Wastewater Company.

Damascus Rural Water Authority.

Ministry of Housing and Construction / Water depent

Ministry of Local Administration and the Enviroemt

Ministry of Finance

General Commission for Scientific Agriculturalggarch

Ol (N[O~ [W[IN|F

Higher Scientific council

=
o

Chamber of Industry

=
[EEN

Representatives from key industrial sectors disgpsifluents (tanneries, textile, food, refineries,
metal)

[EEN
N

The Syrian Association for environment protatémd sustainable development. (NGO)

=
w

the Fund for Integrated Rural Development ofeéS{FIRDOS) (NGO)

I
N

Damascus Friends Association (NGO)
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Annex: The JICA project

Project overview

In August 1996, the Japan International Cooperaigancy (JICA) conducted “The Study on Water
Resources Development in the Northwestern and &lddasins of the Syrian Arab Republic (PHASE
)" “JICA development study (Phase I)” in resporteea request from the Government of Syria. The
purpose of the study was to prepare a master marthE comprehensive development of water
resources in the areas of five water basins: Bafae, Orontes, Coastal, Aleppo, and Steppe.
Based on the results of these studies, the GovernofeSyria requested from the Government of
Japan to provide project-type technical cooperation the establishment of Water Resources
Information Center (WRIC) in order to help in imgnog water resources information management
throughout the country, and develop decision-matteascan utilize such information.
Preparatory studies indicated that Ministry ofdation (MOI), which is the agency responsible for
water resources development and management, cotldndertake its responsibilities properly due
primarily to a lack of accurate and reliable watsources information based on precise hydrological
and meteorological observations. It was also reieeginthat the absence of accurate water resources
information is derived mainly from:

¢ Insufficient hydrological and meteorological obssion facilities.

e Poor observation skills

¢ Inefficient information exchange between the MOhdiguarters and the General Directorates.

¢ Inadequate information sharing among water-relagghcies,

e Inappropriate data saving.

¢ Insufficient information processing skills.
In order to solve these problems in the water nessumanagement sector of Syria, the Government
of Japan formulated the Project on the establishimiea comprehensive water resources information
management system. Cooperation activities woultldgcimprovement of basic meteorological and
hydrological observation skills and establishmdntamputer systems for the Barada-Awaj Basin and
the Coastal Basin, which are areas having the bigiréority.

Overview of specific system results

Monitoring stations in the Barada Awaji Basin

Type of Station Station name
Surface Attkia
Groundwater Water Level Harasta
Water Level & Quality Fasrya
Meteorological Zabadani
Deliverable 3 Date: 25/09/2007
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Precipitation in Zabadani (Barada Spring)
2002-2003 2003-2004 2004-2005
month mm/month month mm/month month mm/month
10 17.2 10 0.2 10 7.5
11 82.6 11 1.2 11 190.5
12 283.6 12 124.8 12 45.4
1 166.2 1 266.8 1 155.6
2 426.9 2 169.1 2 184.4
3 197.1 3 8.3 3 37.3
4 32.6 4 15.6 4 1.3
5 3.4 5 1.5 5 0.7
6 1.0 6 0.0 6 0.0
7 0.0 7 0.0 7
8 0.0 8 0.0 8
9 0.0 9 0.0 9
Total 1209.6 Total 587.5 Total 622.7
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Month 2003 2004 2005
Avg Max Min Avg Max Min Avg Max Min
1 7.0 12.8 3.5 5.1 8.6 2.0 5.7 19.6 3.7
2 4.6 8.6 0.1 6.1 13.2 -0.6 5.5 12.0 0.y
3 6.6 9.8 2.5 11.2 17.6 5.4 9.9 15.1 3.9
4 13.6 20.6 8.7 11.1 17.6 5.4 14.p 206 51
5 20.1 23.4 15.2 18.2 23.6 13.9 176 23]0 8|8
6 22.6 25.7 17.5 22.6 26.8 17.% 237 2513 21.8
7 24.9 27.8 22.7 25.6 28.6 23.1
8 25.3 27.7 21.6 23.7 25.3 21.8
9 20.9 26.2 17.4 21.0 24.5 18.%
10 16.8 20.4 8.1 17.3 21.8 13.0
11 11.2 16.5 8.2 10.2 15.9 2.1
12 6.8 10.6 1.9 5.3 20.9 5.8
Groundwater
Fastia
EJ&O
= 141 ' ]
. /
5142 Pasibian V.8 A /
é..ms ﬁ"*,/ \\‘V\W“ -’/
o
R T A S w
LR LRt L LR S EP R EELLEL Lhn St i e
g2 O PALTERIETI TG TR S AE S IETZIRIZOH
Date
Year Month Water Level Year Month Water Level
Ave Max Min Ave Max Min
2003- |10 142.0 142.7 141.7 | 2004- 10 143.1 143.3 142
2004 11 1417 | 141.8 | 141.6]| 2005 11 143.1| 1434 142
12 141.9 142.1 141.7 12 143.7 143.8 143
1 142.1 141.9 142.0 1 143.8 144.( 143.
2 142.0 142.0 141.9 2 143.8 143.9 143.
3 142.0 142.1 141.9 3 143.3 143.6 142.
4 142.2 142.3 142.0 4 142.6 142 .9 142,
5 142.0 142.4 140.9 5 142.2 142.4 142.
6 142.0 142.3 141.7 6 141.8 142.3 141.
7 141.9 142.2 141.7 7
8 142.1 142.4 141.8 8
9 142.7 142.8 1425 9

B UIE N B <O I U B B N (o B 7]
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Harasta
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Date
Year Month Water Level Year Month Water Level
Ave Max Min Ave Max Min
2003- 10 48.5 49.1 48.1 | 2004- 10 41.0 41.2 40.7
2004 11 479 | 485 | 47.3 | 2005 11 40.8 41.1 40.4
12 46.9 47.6 46.5 12 40.1 40.6 39.6
1 46.6 455 46.1 1 39.6 39.8 39.0
2 44.8 454 44.3 2 38.9 39.1 38.8
3 44.3 445 44.0 3 38.1 38.2 38.4
4 44.0 44.2 43.8 4 37.9 38.1 37.6
5 43.1 43.6 42.7 5 37.2 37.6 36.8
6 42.0 42.7 41.3 6 36.7 36.8 36.5
7 41.2 41.5 40.8 7
8 41.0 41.0 40.9 8
9 40.9 41.1 40.7 9
Surface water
14 Attkia
1z
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Year Month Monthly Discharge(m3) | Year Month Monthly Discharge(m3)
2003- 10 6,066,830 2004- 10 3,127,132
2004 11 4,739,333 2005 11 7,446,337
12 4,286,046 12 7,774,128
1 7,343,257 1 10,788,721
2 9,791,248 2 15,856,070
3 6,587,136 3 15,067,296
4 4,201,632 4 no data
5 4,231,505 5 6.163.776
6 no data 6 11.560.320
7 no data 7
8 no data 8
9 no data 9

Water Quality Monitoring

Monitoring stations in the Barada Awaji Basin

Type of Station

Number of Station

Every 2 months monitor 102
Every 6 months monitor 78
Heavy Metals (Every 3 months) 21

Monitored parameters (every 2 and every 6 months)

Surface Water: pH, Conductivity, Cl, NH4, BOD, SIX, Temperature, Heavy Metals

Groundwater: pH, Conductivity, PO4, NO2, NO3, HC@G®3, SO4, Cl, Ca, Mg, Na, NH4, Total
Hardness

Heavy Metals: Pb, Cr, Fe, Cu, Cd, As, Zn, He
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1. General Overview

1.1 Country overview

1.1.1 General features

Algeria, with an area of 2.4 million km?, is thedast country of Northern Africa. Most of its
area corresponds to the Sahara Desert, an areannmmeral resources. More than 90% of
the population lives in the northern part of thermoy that includes the coastal Mediterranean
zone, mountainous areas, plains and highlandshignarea, the annual amount of rainfall
varies between 300 and 1000 mm/yr. whereas in #iear@ region and southern of the
Saharian Atlas, the annual amount of rainfall duztsexceed 100 mm.

The country is divided 17 major hydrographical hasiof which 5 are transboundary: the
Medjerda basin is shared with Tunisia, and the afdraa, Guir and Daoura basins are
shared with Morocco. With regard to administratitie country is divided into 48 wilayas

(provinces), 567 dairas (counties) and 1540 mualitips.

Figurle 3: General ma;p of Algeria
In 1998, Algeria had a population of 29.27 milliohabitants (official census data). This
figure corresponds to an annual growth rate of%.28ce the previous (1987) census, when
a population of 22.71 million was recorded. Thershaf urban population has been
continuously increasing from 56.1% in 1966 to 61.2%41977, to 70.8% in 1987 and to
80.8% in 1998. The 5 wilayas of Algiers, Setif, @rdizi Ouzou and Batna regroup more
than 25% of the total population. Irrigated agriatg accounts for approximately 65% of the
total water consumption, as modern irrigation teghes have not been yet extensively
applied.
According to the 1998 census, 70.78% of househatdsconnected to the drinking water
supply network, and 66.34 % to the sewerage netwbrshould be noted that the average
household size was reduced from 7.54 members i 1®F.14 in 1998; this was the first
time since the country’s independence in 19623hekh a decrease was recorded.
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1.1.2 Water resources

The average annual water crop is estimated at dlli@hbm3, of which approximately 80% is
lost to evapotranspiration. Water resources aralequl9.1 billion m3, of which 12.4 billion
are surface water and 6.7 billion are groundwatef. the total surface run-off of
12.4 billion n? only 6 billion can be exploited by means of damstouction. At present, the
110 dams of the country mobilize 4 billion m3. Beem 1995 and 1998, the average annual
regularized volume was equal to 2.7 billion m3.

From the 6.7 billion m3 of groundwater, 5.1 billiane located in the Sahara. The remaining
1.6 billion m2 are exploited at a rate of 80%, pipally through wells and boreholes.

Therefore, it is evident that an additional volume 7.6 billion could become at least
theoretically available for meeting domestic, agiticral and industrial water needs. This
amount, according to recent studies, would be @afit only up to 2015. Afterwards, it will
be necessary to seek alternative water sourcesmpjoying solutions such as wastewater
reclamation and reuse, seawater desalination, antgpipg of non-renewable groundwater
resources from the northern Sahara, in order td mater needs.

1.2 The Seybouse river basin

The region selected for the implementation of INE@OAIgeria is the Seybouse Basin
(Figure 64). The river basin extends over an afeé&4¥1 knf and is located in the northern
part of Algeria.

The Seybouse River is an important water sourced usainly for the irrigation of large
agricultural plains, extending from the Guelma oegand up to Annaba city. The river has a
total length of 240 km. Overall the basin extengsrahe administrative boundaries of 68
municipalities located in 7 wilayas. Its water nes@s are vital for sustaining the majority of
economic activities in the region.

At present, there are significant water pollutisaues associated with the discharge of both
domestic and industrial effluents from the citiegl ahe industries located along the river
banks. The annual effluent discharge is approxiipat® million m3, of which 3 million are
used oils. This is due to the lack of wastewatenttnent plants in the cities (domestic
sewage) but also and in industrial units. The masinerable areas are Meboudja.
Bouchegouf and Guelma, where industrial activités most concentrated. In those areas
aquifer pollution is also a major concern. Furthemm the mountainous areas, such as
Edough and Gelaat Bou Sbaa contribute to high seirfan-off which conveys polluted
effluents and recharges groundwater tables. Atepteghere is risk for human health, as
children often play at the river banks but alsdriigation, as many farmers abstract water
directly from the river. Fauna and flora are alsrigusly threatened, as well as soail
productivity and the overall river ecosystem.

1.2.1 Water quality assessments

In order to evaluate the current state of the rarat aquifers concerned, a survey was carried
out during the period 1998-2003. The monitored wqtality parameters included nitrates,
nitrites, chloride, conductivity and turbidity, BO&hd COD, dissolved oxygen and ammonia.
The results show that there has been a signifibagtadation of water quality during the past
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5 years, in both surface and groundwater resowfc®e basin. Results are outlined in Annex
l.

1.2.2 Industrial pollution

Of the 86 major industrial units operating in theer basin, only 8 have their own wastewater
treatment plant. It should be noted that some, Ijnéstated in the Guelma region, are highly

polluting industries (e.g. paper. engine and daigduction units). A relevant list is provided
in Annex .

MER  MEDITERRANEE
— e 4 BASSIN DE LA SEYBOUSE
" L moam CARTE DES REJETS
2 .,.;59‘1
LT
.A"' Y o 414 .f’wm
e moun 2 | o Spmlinen22
Wi :‘i' ‘f T e
LS )
226 @ o g -
Webe e aniar i Chebaia tokhac N
¥ 3 E
PR
15
‘l) [ :.hb-n ® Chahani
b/ "3 " perder?
+ 9 4 14-06
g

- WiERTS p an
{CORFS GRAS #: CoapsD i B aisna
16| STATION RIRVICT 20 ENGI Bou Sbas

1
-l L 3 o
= r o y y L N - '

Seybouse River

P
48
LEGENDE :
REITS URBAINE {bs)
- RENITS INDUSTRIFLS (%)
ECHELLE : e e
0 15 IV BOVE (g somnme)
242 EYOMA ey
Kilométres TR

Figure 64: The Seybouse River Basin — Location of main pollution sources

1.2.3 Domestic pollution

Domestic effluents in the basin are not treatedatgresent, there are no wastewater
treatment plants. Five units, with a total capacityl30,000 m3/d, are under construction.
Two more plants with a total capacity of 180,000dvé@re at the planning stage in Annaba
and Oued Zenati, and will be operational in 2008 2010 respectively.
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Table 61: Sewage treatment plants under construction and planning - Seybouse River Basin

Community/ Capacity Operation Purification
Municipality (population equivalents) Year capacity (ms3/day)
Under construction

Sedrata 100,000 2007 25,000
Guelma 200,000 2008 32,000
El Fedjoud] 5,000 2008 2,000
MDaourouch 64,533 2008 10,000
Bir Bouhouche 10,580 2008 60,000
Planning stage

Oued Zenati 100,000 2010 20,000
Annaba 780,700 2008 156,000
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2. Institutional and financial context

2.1 |Institutions & Responsibilities

2.1.1 The Ministry of Water Resources

On a national level, water management falls salelger the responsibility of the Ministry of
Water Resources, established in 1999. Before teer resources were managed either by
the Ministry of Public Works, or in 1978 by anotidinistry, also in charge of environmental
protection, including forests, and territorial phémg and management.

The Ministry is responsible for water resource plag, investments on all issues relevant to
water resources protection and exploitation, sushhydraulic infrastructure, inter-basin
transfers, drinking water supply networks, and ggmaeatment plants. It is also responsible
for allocating available water among the differasés (agricultural. domestic and industrial),
and for controlling all water-related infrastruatufpublic and private). Additional tasks
include the monitoring of water resources, in terafsboth quantity and quality. For
achieving this task, the Ministry can implement thik necessary surveys and assessments,
and is responsible for data collection on all thewe issues.

Following its central role in water management, Miristry has also control over:

e Five national agencies: Agence Nationale des Basra des Transferts (National
Dam and Inter-Basin Transfer Agency), Agence Natiendes Ressources
Hydrauliques (Hydraulic Resources National Agencipence Nationale de I
Irrigation et du drainage (National Agency for gration and Drainage), Algerienne
des Eaux, and Office National d’ Assainissementifial Office for Sanitation).

e Five hydrographical basin agencies, which coordingter management activities at
the regional level.

The roles and responsibilities of the above instiis are summarized in Table 62. Table 63
summarizes water resource responsibilities foathtaorities listed in Table 62.

Furthermore, the Ministry of the Environment an& tllinistry of Water Resources are
responsible for defining the overall environmemqtalicy. The MWR is responsible for water
pollution abatement. Although legislation on enassiis in place, there are problems in law
enforcement, as most industries could not affordtew@ater treatment. It therefore becomes
evident that government incentives should be offestther as grants as rebates on
environmental taxation.

It should be noted that water management respditisibbihave been modified several times
during the past 15 years. Especially water distidouhas been often centralized and then
decentralized. For example, irrigation water, pregly managed by the Ministry of
Agriculture (see below), is now managed by the btmyi of Water Resources through the
corresponding agency. The frequent changes haveamttibuted in simplifying the overall
water management framework, and in developing therapriate technical and human
capacity and resources in the different departregesacies.

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level: PU 209/266



INECO

Table 62:The organisation of the water sector

p

iy
l.lll

3

¢

Ministry of water | National Agencies Local End-users
resources Administration
Planning Direction of Regional
planning and directions at the
economic wilayas
assessment
(DPAE) Municipalities
(reformin
progress)
Large Direction for water| National Agency of
hydraulic resources dams and transfers
infrastructure | mobilization and | (ANBT).
planning (DMRE) | Feasibility studies.
implementation and
management
Irrigation Direction of National Office for Farmers &
agricultural Irrigation and irrigation
hydraulics (DHA) | Drainage (ONID) associations
Management of
irrigation
perimeters
Water Direction of Algerienne des Regional
Distribution potable water Eaux (ADE) directions at the
(DAEP) Elaboration of wilayas
Planning and feasibility studies.
legislation implementation of | Municipalities
water works and (reform in
overall managemerlt progress)
Sewage water | Direction of National Office for | Regional

sewage (DAPE)
Planning and

Sewage (ONA)
Feasibility studies.

directions at the
wilayas

legislation implementation and
management Municipalities
(reform in
progress)
River Basin Direction of Hydrographic Basin|
Management | studies and Agencies (ABH)
hydraulic National Agency
development for Water
(DEAH) Resources (ANRH)
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Table 63: Water resources planning matrix

@l

ACTIVITY MWR ANB ANRH ADE ONA ONID ABH

Surface waters X

Use

Storage

Groundwater recharge

Diversion

Quality monitoring X X

Assessment

Groundwater

Use

Storage X

Recharge

Quality monitoring X X

Assessment

Well permits

Irrigation network

Rehabilitation X

Modernisation X

Reuse

Drainage water X

Wastewater X

Desalination X

Introduction of technology

Efficient water utilisation

Domestic X

Industrial X

Agricultural X

Legislation

Regulation and codes X

Standards X

Enforcement

Policy setting

Water allocation X

Project financing X

X
X
X
X
X
X

Project design

X

Project implementation X X X X

Operation and Maintenance X X X X X

Pricing (tariffs) X

Water data records X

2.1.2 The Ministry of Agriculture

Before the establishment of the Ministry of WatesBurces, the Ministry of Agriculture was
in charge of all issues related to agricultural evatise. However, at present it is only
considered as representing a major water user.
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2.1.3 The Ministry of Health

In collaboration with the Ministry of Water Resoesg; the Ministry of Health is responsible
for monitoring drinking water quality, especiallytivregard to microbiological parameters.

2.1.4 The Ministry of the Interior

In spite of the creation, in 2004, of the Algeriemales Eaux (ADE) and Office National d’

Assainissement (ONA), there are municipalities litfgl under the responsibility of the

Ministry of the Interior), which are still respobg for the management of water distribution
and sewerage networks in urban and rural areasetmwit is expected that the role of the
Ministry will gradually diminish, as the ADE and @MNare progressively taking charge of all
networks.

2.2 Legislation
Water-related legislation mainly comprises threesland their amendments:

e The Water Law (“Code de I'eau”) of July 1983;
e A Law of June 1996. which amended the Code de ['Eau
o Alaw of August 2005, dealing with water-relatesliss.

Specific regulations and norms, issued in the faimadditional laws and decrees are
elaborated by the Ministry of Water Resources.

The Water Law of 1983 set the framework for watanagement in Algeria, by defining the
public ownership of water resources (surface armumpiwater) of the country, and the
priorities for water allocation. Allocation prioets are of the following order: first priority is
given to domestic water use, second to agricultuaat finally, to the industrial sector.
Furthermore, the Law introduced the concept ofingsprivate contracts for providing public
services, which would be specifically assignedublig authorities and institutions.

The 1983 Water Law was significantly amended in6l9Bhe law allowed for extending
contracts for water service provision to privatenpanies. It also introduced the concept of
river basin management, through the definition ydrbgraphical basins as the appropriate
geographic entities for water resource planning magagement. The 1996 amendment also
established the National Consultative Council forate®¥ Resources (Conseil National
Consultatif des Ressources en Eau), in chargerekag to the water management plan, and
acting as a consulting body on the development afeivmanagement strategies at the
national level. At present, the Council’s procedunave not been yet defined.

Water-related legislation was further updated i@320rhe 2005 Law introduced the concepts
of environmental sustainability and defined theassary planning framework, through the
development of regional water management schemds elaborated at the hydrographical
basin level. This law also introduces the partiigraof stakeholders, policy and decision-
makers on all water-related decisions.

Water quality standards for physico-chemical pateanseare national and based on the
guidelines published by WHO. The ANRH (Agence Nadile des Ressources Hydrauligues)
and the hydrographical basin agencies monitor, ufitoa surface and groundwater
monitoring network, all relevant data and regulgrlyblish water pollution maps for each
region.
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In general, the continuous updating ensures thaérwalated legislation meets emerging
needs and the increasing environmental concerns wwaer resource sustainability.
However, law enforcement, especially with regardveder abstraction and pollution control

can be possibly considered insufficient.

The main water laws are summarized in Table 64.

Table 64: Water-related legislation

Reference

Focus

Content

Implementation
Status

Water Law no

General provisions

On the uses of water. propert)

y Generally

83-17 16 July | on water of water resources and the | implemented. Some
1983 governance. rights of consumers aspects, especially
allocation and water with regard to
rights monitoring and
control are not
enforced.
Law 96-13 15 | Establishment of a | Introduces the concept of In the process of

of June 1996
Amending and
completing the
Water Law of
1983

new water policy
framework

Integrated Water Resources
Management. Provides for thd
establishment of the
Hydrographical Basin
Agencies.

implementation, but
2 possibly with some
delay.

Water Law no
05-12 4"
August 2005

Introduction of the
general principles of
environmental
sustainability, and
provisions for new
tools in water
resource planning.

About the sustainable
management of water in
relation to the environment.
Provides for the drafting of thg
National Water Management
Plan and for the correspondin
Regional Water Development]

Recent law, has not
been yet fully
implemented,
2 especially with regard
to the development of
gRegional and Nationaj
Water Management

Plans.

Programmes.

2.3 Financial framework

At present, all water sector investments are pulid financed from the national budget. A
distinction can be made between funds:

e Funds provided to the Ministry of Water Resourdesfinance “sectorial” projects,
such as dams, water transfers, assessments, impoetavorks for water supply and
sewerage, drinking water and wastewater treatmiamtgand irrigation perimeters.
These funds are then allocated or distributed antoaglifferent agencies, controlled
by the Ministry.

o Funds provided to the local administration (wilayasl municipalities), aimed at
financing small-scale networks at the local level.

Although the pertinent legislation provides theevgnt opportunities, the private sector is not
actively involved yet. During the past two yeargrth has been an extensive debate in
involving foreign investment parties in the managetof the Algerienne Des Eaux and the
Office National d’ Assainissement (ONA). This iaiive is now in the process of
implementation.

Water tariffs for each use are decided at the natitevel, and are not differentiated per
region. Additional environmental taxes were introgld in 1996: (a) a water abstraction
charge and (b) a water pollution charge. Thes@aicby all consumers connected to a water
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supply network (domestic, agricultural and indwadjriAn additional tax was introduced in
2005 for industrial and other (service) facilitisghich operate their own water supply
infrastructure, with the aim to progressively imlnge and apply the “polluter-pays” principle.

It should be noted that the country faces a seriacis of information with regard to cost
accounting and financial and economic assessmants,institutional studies. At present,
there are no general or important assessmentsvastinents and water pricing, although
several attempts have been made in the past.

Mostly due to social and political reasons, watéegs for industrial and agricultural use are
considered to be well below the real cost of watewision. This imposes a financial burden
on the public companies responsible for water ibistion, which are further subsidized
through the national budget.

3. Constraints facing the water sector at the natio  nal
level

Algeria, due to its climate, is a country with lbed water availability and increasing water
scarcity. The mobilization of groundwater (with teception of the Sahara mineral resources
— the albian nappe) has been nearly completed.

Damming started recently, in the late 1980s, arstilisbeing pursued. It is expected that in
the next 25 years nearly all exploitable surfaceevgawill have been mobilised. Furthermore,
the Ministry of Water Resources is studying the siubty of implementing seawater
desalination. Algeria has an extensive coastlifigbout 1.000 km. and all major cities are
ports. The concept would be to employ desalinatimnmeeting urban and industrial water
needs along the coastal zone, and to divert sudadegroundwater to the interior of the
country.

There is need for significant efforts in rehabilitg existing water distribution networks,
where losses are estimated at nearly 50% of wasérbdited. This can be considered an
enormous amount when compared to the increasingrwaarcity the country is facing. The
Ministry of Water Resources has initiated a reléyaogramme for the three major cities of
Algiers, Oran and Constantine, which is expectdoktextended to at least 10 other important
ones. Similarly, important efforts are in progréssmanaging water resources in a way that
ensures environmental protection.

In general, the Algerienne des Eaux, the entergriseharge of drinking water supply
networks, should become more efficient in reducireger leaks, and in the recovery of its
costs. In this field, the country seeks technicatl @conomic assistance from foreign
companies through international tenders. The &@osttract was initiated in Algiers in 2006,
with Suez Environnement (France). Other contragts ander preparation for Oran,
Constantine and Annaba.

A further issue concerns the lack of informationtba real economic value of water and the
actual water exploitation cost. There are no aiwtaccounts from the companies
previously in charge of water service provisiong #me implementation of the Algerienne des
Eaux is too recent to result to an adequate datasbancing the knowledge base upon these
issues is an emerging need that should be addrasdbe next years. The water price is
decided by national authorities and is uniform thylwout the country. There is no actual
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information about costs and the costs of “reas@iabhanagement and water supply
provision; therefore, there is no estimate of whettonsumers are actually charged with the
real cost of water.

In the forthcoming years, water pollution will berajor problem, due to two major causes:

e The strong urbanization has rendered cities majotributors to river pollution (most
rivers are “oueds”. i.e. of seasonal flow and duyirtg the summer). Furthermore, the
programme for building sewage treatment plantsbees significantly delayed, and
only a few cities receive wastewater treatment.

e Agricultural development, liberated in the 1990te@fa long socialist period, has
resulted in the significant use of fertilizers, lwithe aim to further increase
agricultural production. This is now clearly mamsied in the increasing
concentrations of nitrates in both surface and mpiawater. Furthermore, a large
number of wells and boreholes are being drilled,mreny cases without prior
authorization or permit. In 2006, authorities deddo develop an inventory of water
extraction points; however, this is consideredffcdit task as, at present the number
of illegal wells or boreholes is estimated at sal#rousands.

Similarly, data and information systems and anedytiools on water resources have to be
created, maintained and regularly updated. Towtidsend, an effort was initiated at the
national level by the Ministry of Water Resourcasd at the regional level, through the Basin
Agencies, in order to collect and organise all taxiswater-related data. Along the same
lines, simulation tools on water resource assessntamand and allocation are being
developed/implemented.

Although the pertinent legislation advocates théngyple of public participation, the
participation of the different actors is rather Weaith all important decisions being taken at
the national level. Basin committees were estabtish 1996 (at the same time as the Basin
Agencies), but are not yet fully efficient.

As mentioned above, several environmental taxe® weroduced during the past decade.
Basin Agencies are, according to the relevant latys, in charge of collecting the 2005 tax
for industrial and service facilities, but actudlgk in sufficient human and financial means.

All the above constraints are encountered througtte country, and at the Seybouse river
basin, where difficulties in enforcing legislation discharge control, especially with regard
to industries have led to significant water pobuti
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4. Annex I: Evolution of surface water pollution in the
Seybouse River Basin (1998-2003)

4.1 Water quality classification

Water quality for each measured parameter (BOD, CDiBsolved G, NH,", NO;, NO,,
PQ,%-, Conductivity and Turbidity) is classified intodasses, according to the 1994 WHO
classification. These are outlined in the followtagles.

Organic Matter

Quality class | Unit SR8 Good | Average | Bad

COD mg/l 20 30 40 80 > 80

BOD mg/l 5 8 10 > 10

Dissolved oxygen

Quality class | Unit Good | Average | Bad

E w

Dissolved 02| % 90 70 50 30 > 30

Ammonia and Nitrites

1

Quality class | Unit SR8 Good | Average | Bad

NH4+ mg/l 0.1 0.5 2 5 > 8
NO2- mg/l 0.03 0.1 0.5 1 >1
Nitrates

Quality class | Unit Good | Average | Bad

NO3- mg/l‘ 2 10 25 50 ‘ > 50 \
Phosphates

Quality class | Unit Good | Average | Bad

PO43- mg/I 0.1 0.5 1 2 > 2
Conductivity

Quality class | Unit Good | Average | Bad

Cond. pS/c 2500 3000 | 3500 | 4000 > 4000
Turbidity

Quality class | Unit Good | Average | Bad

Turb. NTU 2 35 70 105 > 105

4.2 Water quality measurements

The above parameters are measured in 4 monitoogsp located on the Seybouse River.
This section provides details on those measurem#rgbould be noted that the Meboudja
oued inflows to the Seybouse River, and that bieodrs are very polluted.
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Figure 65: Points of water quality control
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4.2.1 Medjez Amar 1 Station 140201
Water is rather polluted. Pollution originates franban and agricultural sources.
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Figure 66: Water quality in Medjez Amar 1 Station 140201 (1998-2003)

Table 65: Water quality classification and water pollution sources in the Medjez Amar 1 St.
140201

Medjez Amar 1 St. 140201 Pollution | Overall Observations
quality Comments Water
pollution
sources
Pollutants Organic and Important Average | Good self- Urban
Oxidisable purification Agricultural
matter, capacity and
Nitrogen and therefore
Ammonia, adequate
Phosphoric oxygenation
matter
Phosphates Weak Acceptable
Nitrates Good
Dissolved Oxygen Good
Water pollution sources
Agglomerations Abid Mabrouk Houari boumediene Total
(1998 population) (3448) (4515) (7963)
Industry -
Agriculture Ain Makhlouf
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Figure 67: Water quality measurements at the Medjez Amar 1 St. 140201 (1998-2003)

4.2.2 Medjez Amar 2 St. 140301
Water is not significantly polluted. Pollution oingtes from urban and agricultural sources.
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Figure 68: Water quality in Medjez Amar 2 St. 140301 (1998-2003)

Table 66: Water quality classification and water pollution sources in the Medjez Amar 2 St.

140301
Medjez Amar 2 St. Pollution | Overall Observations
140301 quality [ comments Water pollution
sources
Pollutants| Organic and | Weak Adequatg Water dilution from [ Confluence of Cher
Oxidisable the Bouhamdane | and Bouhamdane
matter, river (oued) rivers
Nitrogen and Good self- Water pollution
Ammonia, purification capacity] sources:
Phosphoric and therefore _ Urban
matter adequate — Agricultural
Phosphates Good | Oxygenation
Nitrates Good
Oxygenation Good

Water pollution sources

Agglomerations

Hammam Debagh

(1998 population) (10178)
Industry -
Agriculture Houari boumediene, Medjez Amar
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Figure 69: Water quality measurements at the Medjez Amar 2 St. 140301 (1998-2003)

4.2.3 Segmen Amar St. 140601
Water is much polluted. Pollution originates frorban, industrial and agricultural sources.
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Figure 70: Water quality in Segmen Amar St. 140601 (1998-2003)

Table 67: Water quality and water pollution sources in the Segmen Amar St. 140601

Segmen Amar St. 140601 Pollution  Overall quality Observations
Comments | Water pollution
sources

Pollutants Organic and | Excessive| Very bad Good self- |- Urban

Oxidisable purification |_ |ndustrial

matter, capacity and|_ Agricultural

Nitrogen and therefore

Ammonia, adequate

Phosphoric oxygenation

matter

Phosphates Weak Adequate

Nitrates Good
Oxygenation Good
Water pollution sources
Agglomerations| Bouchegouf Oued | Ain Chihani Drean | Total
(1998 (15086) Fragha| Ben Bachir (17957)| (45342)
population) (1171) | Berda | (7442)

(3686)
Industry EPE (yeast), SACA (transf. tomatoes),IB8RES (transf. tomatoes)
Agriculture GPI Bouchegouf, Guelma, Boumahra A. Belkheir,Fé&dljoud;j, GPI
Bounamoussa
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variation interannuelle mayenne de la qualité des eaux supericielles variation interannuelle mayenne de la qualité des eaux supericielles
de |a station 140601 - Segmen Amar - Mirebek - de |a station 140601 - Segmen Amar - Mirebek -
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Figure 71: Water quality measurements at the Segmen Amar St. 140601 (1998-2003)

4.2.4 El Hadjar St. 140631

Water is much polluted. Pollution originates frorban, industrial and agricultural sources.
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Figure 72: Water quality in El Hadjar St. 140631 (1998-2003)
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Table 68: Water quality classification and water pollution sources in the El Hadjar St. 140631

Pollution Overall Observations
EI Hadjar St. 140631 quallty Comments Water
Pollution
Sources
Pollutants Organic Excessive Very Bad Bad oxygenation, due- Urban
and to the small — Industrial
Oxidisable purification capacity | _ Agricultural
matter, of the river, as
Nitrogen compared to water
and pollution received
Ammonia,
Phosphorig
matter
Phosphates Excessive Very Bad
Nitrates Weak Adequate
Oxygenation Bad
Water pollution sources
Agglomerations| El Hadjar Sidi El El Deradiji Hadjer Total
(1998 (23777) Amar Karma| Horaicha Redjem Eddiss (95430)
population) (40706) | (1218)| (3679) (7440) (18610)
Industry Z1 Pt. Bouchet, ZI Sidi Amar,
Agriculture El Hadjar, Sidi Amar

variation interannuelle moyenne de la qualité des eaux superficielles
de la station 140631 - El Hadjar Oued Meboudja -
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Figure 73: Water quality measurements at the El Hadjar St. 140631 (1998-2003)
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Annex IlI: Characteristics of main industries locate

V¢

@b

d in the Seybouse River Basin

INDUSTRY NAME COMMUN | WILAYA TYPE OF ACTIVITY CAPACITY WATER REJECTED | DISCHARGE | TREAT RECYC
ITY/MUNI DEMAND VOLUME POINT MENT LING
CIPALITY
TRANS CANAL EST EL EL ANNABA UNITE DE 32000 mlfyr 25 YES NO
HADJAR HADJAR FABRICATION DE
TUYAUX EN BETON
ARME
MITTAL STEEL EL ANNABA COMMERCE DE 43 SEWERAGE | NO NO
ENTREPRISE DE HADJAR PRODUITS NETWORK
COMMERCIALISATION SIDERURGIQUE
SOCIETE DES TRAVAUX | EL BOUNI | ANNABA BATIMENTS TOUS 100 5 RIVER NO NO
ET DE LA CORPS D'ETATS LOGEMENTS
CONSTRUCTION DE Iyr
ANNABA S.T.C.A
REFRACTAL EL ANNABA FABRICATION ET 1500tonnes/an 5 NO NO
HADJAR COMMER PRODUITS
REFRACTALE
PAPIREC SIDI ANNABA RECUPERATION DU 3000 ton/yr 1 0.8 SEWERAGE | NO NO
AMAR PAPIER NETWORK
SOFAMESTE ZIANE SIDI ANNABA EBENISTERIE 1 0.8 SEWERAGE | NO NO
MAHMOUD ET FILS AMAR NETWORK
SONELGAZ CENTRAL ANNABA ANNABA PRODUCTION DE 143000 kW 872 SEWERAGE | NO NO
THERMIQUE DE ANNABA L'ENERGIE NETWORK
ELECTRIQUE
MITTAL STEEL SIDI ANNABA PRODUCTION DE 1400000 ton/yr 32877 3287 MEBOUDJA NO NO
AMAR L'ACIER ET DERIVEES RIVER
SUCCURSALE EST SPOA | SIDI ANNABA VENTE EN GROS DE 0.6 NO NO
AMAR PEINTURE
MOKA ELECTROLUX SIDI ANNABA MONTAGE DES 12000 2 2 SEWERAGE | NO NO
AMAR APPAREILS pieces/yr NETWORK
ELECTRO-
MECANIQUE
NAFTAL CENTRE ANNABA ANNABA AVITAILLEMENT DES | 30000 2 1.6 SEWERAGE | NO NO
MARINE NAVIRES ton/month NETWORK
MAIN D'OR EL BOUNI | ANNABA PRODUCTION 400 Qt/d 15 0.5 FOSSE NO NO
SEMOULE SEPTIQUE
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INDUSTRY NAME COMMUN | WILAYA  [TYPE OF ACTIVITY  CAPACITY WATER | REJECTED | DISCHARGE | TREAT | RECYC
ITY/MUNI DEMAND | VOLUME | POINT MENT LING
CIPALITY
TARSI ANNABA EL ANNABA | MONTAGE ET 5 NO NO
HADJAR MAINTENANCE
INDUSTRIELLE
EL DJORF EL ANNABA | IMPORTATION DU 2 NO NO
HADJAR BOIS ET DERIVES
ATH ARAB TRADING SIDI ANNABA | COLLECTE DES NO NO
HOUSE AMAR DECHET FERREUX ET
NON FERREUX
RAYANE PAPIER ELBOUNI | ANNABA | TRANSFORMATION 0.3 SEWERAGE | NO NO
DE PAPIER NETWORK
STA/UMPA SIDI ANNABA | PRESTATION ET 37 PUBLIC NO NO
AMAR MAINTENANCE NETWORK
FERROVIAL ELBOUNI | ANNABA | CONSTRUCTION DE | 800WAGONS 150 30 ALLELICK NO NO
MATERIELS ET STD/AN RIVER
EQUIPEMENTS +PF=3000
FERROVIAI Tiyr
ENGI-ANNABA EL ANNABA | PRODUCTION ET C2H2 (120000] 400 2.3 CANAL YES NO
ENTREPRISE NATIONALE | HADJAR CONDITIONNEMENT | m3+0=570000 D'EVACUATI
DES GAZS DES GAZ malyr ON D'EAU
INDUSTRIELLE INDUSTRIELS USEES
TREFILEST SOCIETE DE | EL ANNABA | TRANSFORMATION 60 LA SOCIETE | NO NO
TREFILAGE DE L'EST HADJAR DES PRODUITS ETANT
LONGS DOTEE D'UN
CIRCUIT
FERME
FCM ELBOUNI | ANNABA | PRODUCTION DE 350 n#/d 5 NO NO
CARREAUX
MONOCOUCHE
SELMA SEMOULE ELBOUNI | ANNABA | PRODUCTION DE 2500ton/d 2 SEWERAGE | NO NO
SEMOULE +FARINE NETWORK
C.E.C.C.O NOUBLI ET SIDI ANNABA | FABRICATION 20 CAISSES / 0.5 0.4 PUBLIC NO NO
FILS AMAR D'EMBALLAGE d NETWORK
CARTON COMPACT
ET ONDULE
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INDUSTRY NAME COMMUN | WILAYA  [TYPE OF ACTIVITY ~ CAPACITY WATER | REJECTED | DISCHARGE | TREAT | RECYC
ITY/MUNI DEMAND | VOLUME | POINT MENT | LING
CIPALITY
LES MOULINS SEYBOUSE| ANNABA | ANNABA | PRODUCTION- SEMOULE10 168.5 SEWERAGE | NO NO
COMMERCIALISATIO | 00QX/J+FARI NETWORK
N-TRANSFORMATION | NE 1400QX/d
ISSUES
CAFE SAFIA SIDI ANNABA | TORREFACTION ET | 200 kg/d 05 CANALS NO NO
AMAR CONDITIONNEMENT
DE CAFE
VERRERIE BEN KHALIFA | ELBOUNI | ANNABA | PRODUCTION ET 1460 ton/yr 4 SEWERAGE | NO NO
USINAGE DE VERRE NETWORK
CREUX
LAITERIE DE LEDOUGH | ELBOUNI | ANNABA | FABRICATION ET 150000 I/d of 500 SEYBOUSE | NO NO
DISTRIBUTION DU milk RIVER
LAIT ET SES DERIVES
KHENOUS HAMANA EL BOUNI | ANNABA | LIMONADERIE 36000 I/yr 11 NO NO
ALPHA ELBOUNI | ANNABA | PRODUCTION 3000 ton/yr 2 NO NO
INDUSTRIELLE
ENTREPRISE PUBLIQUE | EL ANNABA | RECUPERATION 40000 ton/yr NO NO
ECONOMIQUE HADJAR TRAIT
+COMMERCIALI/
DECHET FERREUX
PROCIM SIDI ANNABA [ PRODUCTION 3500 ton/yr 14 13 MEBOUDJA | NO NO
AMAR CONSTRUCTION RIVER
INDUSTRIELLE ET
METALLIQU
UNITED CO ELBOUNI | ANNABA | INDUSTRIE 33 33 SEWERAGE | NO NO
ELECTRIQUES NETWORK
MIDOU ELBOUNI | ANNABA | PATES 750 kg/h 4 NO NO
ALIMENTAIRES
CHOCOTEK EL ANNABA | CHOCOLATERIE 2 ton/d 10 8 SEWERAGE | NO NO
HADJAR NETWORK
KHEZZANE ABDEKADER | SIDI ANNABA | TRANSFORMATION | 2000 m/day 0.4 NO NO
HIPPONE - NATTES AMAR DU PLASTIQUE
ALGAL ELBOUNI | ANNABA | COMMERCIALISATIO NO NO

N ET FABRICATION
D'ALUMINIUM
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INDUSTRY NAME COMMUN | WILAYA  [TYPE OF ACTIVITY  CAPACITY WATER REJECTED | DISCHARGE | TREAT | RECYC
ITY/MUNI DEMAND VOLUME POINT MENT LING
CIPALITY
SOCIETE DES EL BOUNI | ANNABA | AVICULTURE 520000 10.91 BOUKHMIR | NO NO
ABATTOIRS DE L'EST POUSSINS A CANAL
UNITE CENVOIR /AN
ANNABA
S.A.E.l SOCIETE SIDI ANNABA | FABRICATION 500 units/yr 15 SEWERAGE | NO NO
ALGERIENNE AMAR D'EQUIPEMENTS NETWORK
D'EQUIPEMENTS FRIGORIFIQUES
INDUSTRIELS INDUSTRIEL
SILO A SUCRE SORA ANNABA | ANNABA | DEPOT A SUCRE 15000 tons 2 1.6 SEWERAGE | NO NO
SUCRE GUELMA- DEPOT NETWORK
SOFARM EL ANNABA | FABRICATION ET 2 1 SEPTIC NO NO
HADJAR COMMERCIALISATIO TANK
N ARTICLES
MEDICAUX
CHERIAK MECANIQUE EL ANNABA | FABRICATION ET 0.1 SEWERAGE | NO NO
DE PRECISION C.M.P HADJAR REPARATION DE NETWORK
PIECES MECANIQUE
SODIPAP SIDI ANNABA | VENTE EN GROS 0.5 NO NO
AMAR PAPIER
FETIMI P.M.R. EL ANNABA | FABRIQUE DALLES 105600 rilyr 9 4 SEWERAGE | YES NO
HADJAR ET MONO COUCHE NETWORK
AT.FALGERO TURQUE | EL ANNABA | FABRICATION 4000 to 5000 15 7 MEBOUDJA | NO NO
DU FER HADJAR CORNIERE A CHAUD | ton/month RIVER
SIDEST SOCIETE SIDI ANNABA | INDUSTRIELLE ET 10000 ton/yr 432 SEWERAGE | NO NO
INDUSTRIELLE DES AMAR COMMERCIALE NETWORK
DETERGENT DE L'EST
LOGITRAME ANNABA SIDI ANNABA | TRANSPORT 0.5 0.15 SEWERAGE | NO NO
AMAR ROUTIER(MARCHAN NETWORK
DISE)
A.L.T EST ANNABA EL BOUNI | ANNABA | TORREFACTIONET | 1500 ton/yr 3 NO NO
CONDITIONNEMENT
DE CAFE
S.A.E-U.P.C EL KARMA EL ANNABA | PRODUCTION 508000 100 NO NO
HADJAR POULET DE CHAIR Poulet/an
MESSAADI EL ANNABA | TOLERIE 10 0.06 0.06 SEWERAGE | NO NO
HADJAR PORTE/JOUR NETWORK
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INDUSTRY NAME COMMUN | WILAYA  [TYPEOF ACTIVITY  CAPACITY WATER | REJECTED | DISCHARGE | TREAT | RECYC
ITY/MUNI DEMAND | VOLUME | POINT MENT LING
CIPALITY
BAIBA AZIZ MODELAGE | EL ANNABA | MODELAGE 1 1 SEWERAGE | NO NO
MECANIQUE HADJAR MECANIQUE NETWORK
SELMI MOHAMED EL ANNABA | MENUISERIEDU BOIS | 2 m of wood 99 0.07 SEWERAGE | NO NO
MILOUD MENUISERIE HADJAR NETWORK
GENERAL DU BOIS
STRIA ELBOUNI | ANNABA | REVETEMENTDES | 100 ton/d 0.2 SEPTIC NO NO
ROUTES TANK
SCMCE ANNABA SIDI ANNABA | ENSACHAGE ET 200 ton/d 1 NO NO
AMAR COMMERCIALISATIO
N
ENTREPRISE NATIONAL | SIDI ANNABA | VENTE DE BOIS ET NO NO
D'APPROVISIONNEMENT | AMAR DERIVES ET
EN BOIS ET DERIVES U PRODUITS
SIDERURGIQUES
UAB ANNABA 2 EL BOUNI | ANNABA | FABRICATION 27000 ton/yr 17 SEWERAGE [ NO NO
+COMMERCIALISATI NETWORK
ON DES ALIMENTS
BETAIL
FERTIAL (ex GROUPE ANNABA | ANNABA | AMMONIAC ET 4500 ton/d 3836 24000 SEA NO NO
ASMIDAL ) SOCIETE DE ENGRAIS
FERTILISANTS -ALGERIE PHOSPHATES
SATPAP ALIF SIDI ANNABA | TANSFORMATION 7000 ton/yr 20 0.5 SEWERAGE [ NO NO
AMAR PLASTIQUE ET NETWORK
PAPIER
DECOPLAST ELBOUNI | ANNABA | FABRICATION DE 2 0.5 SEWERAGE [ NO NO
MAITRES NETWORK
COLORANTS
PLASTINATTE SIDI ANNABA | FABRICATION DE 1500 NATTES 8 8 SEWERAGE | NO NO
AMAR NATES EN DE 3mm NETWORK
POLYPROPYLENE /1JOUR
COTA CONTROLE SIDI ANNABA | CONTROLE 2 SEWERAGE [ NO NO
TECHNIQUE AMAR TECHNIQUE AUTO NETWORK
AUTOMOBILE
ETABLISSEMENT DE SIDI ANNABA | TRANSPORT ET 0.8 SEWERAGE [ NO NO
TRANSPORT ANNABA AMAR MAINTENANCE NETWORK
ETA
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INDUSTRY NAME COMMUN | WILAYA  |[TYPE OF ACTIVITY  EAPACITY WATER | REJECTED | DISCHARGE | TREAT | RECYC
ITY/MUNI DEMAND | VOLUME | POINT MENT LING
CIPALITY
SATPAP SOCIETE DE EL ANNABA | TRANSFORMATION | 7000 ton/yr NO NO
TRANSFORMATION DE | HADJAR DU PAPIER
PAPIER ET DE
PLASTIQUE
ALTRO ANTENNE DE EL ANNABA | MAINTENANCE 11 5 SEWERAGE | NO NO
MAINTENANCE HADJAR INDUSTRIELLE NETWORK
VITRE KHEZZANE SIDI ANNABA | TRANSFORMATION 0.95 0.8 PUBLIC NO NO
AMAR DU VERRE SEWERAGE
NETWORK
ORGANISATION SIDI ANNABA | IMPORT EXPORT NO NO
SYSTEME AMAR MATERIEL
INFORMATIQUE ET INFORMATIQUE
BUREAUTIQUE SOSIB
HIPPONE EMBALLAGE | SIDI ANNABA | TRANSFORMATION | 10000 1 0.16 SEWERAGE | NO NO
AMAR DU PAPIER ET units/month NETWORK
CARTONS
SNVI - URD 801 EL - ANNABA | COMMERCIALISATIO 1314 1051 MEDJOUBA | YES NO
BOUNI N VEHICULES RIVER
INDUSTRIELS
VENTE PIECES DE
RECHANGE ET
RENOUVATION
PROMECH - ANNABA EL - ANNABA 5311 350 350 RIVER NO NO
SPA HADJAR
ex EMIB EPBA ANNABA | ANNABA | PROD. 1500 150 BOUDJENA | NO NO
COMMERCIALISATIO RIVER
N DE BOISSON
ALCOOLISES ET NON
ALCOOLISES
SOCIETE INDUSTRIELLE | EL - ANNABA 3600 70000 EGOUTS NO NO
DE PRODUITS BOUNI COMMUNAN
ALIMENTAIRES T
UNITE MARBRE GUELMA | BOUMAH | GUELMA | EXTRACTION ET 73000 mAlyr 1.4 YES YES
ENAMARBRE RA TRANSFORMATION
AHMED DU MARBRE
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INDUSTRY NAME COMMUN | WILAYA TYPE OF ACTIVITY CAPACITY WATER REJECTED DISCHARGE | TREAT RECYC
ITY/MUNI DEMAND VOLUME POINT MENT LING
CIPALITY
E.C.V.E GUELMA GUELMA PRODUCTION DE 3000 ton/yr 240 24 INDUSTRIAL | NO NO
PORCELAINE ZONE
NETWORK
UAB BOUDAROUA OUED GUELMA FABRICATION 15 9 NO NO
FRAGHA ALIMENT DE BETAIL tonnes/heure
SPA COMPLEXE BOUMAH GUELMA ELEVAGE ET 10239000 96 NO NO
AVICOLE RA REPRODUCTION OEUFS+6015
REPRODUCTEURS CHAIR| AHMED CHAIR+ PRODUCTION | 000 POUSSIN
POUSSINS
LES MOULINS DE BOUCHEG | GUELMA PRODUCTION ET 850 Qt/d SEYBOUSE NO NO
MERMOURA GUELMA OUF VENTE SEMOULE RIVER
UNITE DE PRODUCTION
GASSEM LA
ENA SUCRE GUELMA GUELMA GUELMA USINE DE 330 ton/d 1507 1000 AERATED NO NO
RAFFINAGE DU LAGOONS
SUCRE
BRIQUETERIE EL RYAD BENDJER | GUELMA BRIQUE 70000 ton/yr 40 CHAABA NO NO
AH
EURL / LAITERIE BENI EL GUELMA LAIT ET DERIVES 10 to 20000 I/d 25 25 RIVER NO NO
FOUGHEL FEDJOUDJ
LIMONADERIE GUELMA GUELMA FABRICATION 400 cases/d 10 SEWERAGE NO NO
BOUKABOU FRERES BOISSONS GAZEUSES NETWORK
GROUPE SMIDE HELIOPOL | GUELMA TRITURATION BLE 650 Qx/d 5 SEWERAGE NO NO
CONSTANTINE FILIALE IS DUR NETWORK
MOULINS MERMOURA
GUELMA UPC
FENDJEL BELKHEIR | GUELMA FABRICATION DE 60000 I/d 40 3 CHAABA NO NO
BOISSONS
GAZEUSESNON
ALCOLISES
COMPLEXE DE BOUCHEG | GUELMA CONFECTION 36 25 SEYBOUSE NO NO
PRODUCTION DE OUF RIVER
VETEMENT MILITAIRE
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INDUSTRY NAME COMMUN | WILAYA TYPE OF ACTIVITY CAPACITY WATER REJECTED | DISCHARGE | TREAT RECYC
ITY/MUNI DEMAND VOLUME POINT MENT LING
CIPALITY

BORDJIBA EL GUELMA FABRICATION DE 15 RIVER NO NO
FEDOUDJ PARPAINGS ET
DAIRA HOURDIS
HELIOPOL
IS

UNITE DE CYCLES ET GUELMA GUELMA MECANIQUE DE 5000 products 240 30 INTERNAL YES NO

MOTOCYCLES (CYCMA) CONSTRUCTION CANAL

LES LEVURES DE L'EST BOUCHEG | GUELMA FABRICATION DE 15000 ton/yr 1500 1000 MELLAH YES NO
OUF LEVURE RIVER

EL SAFIA MINOTERIE EL GUELMA TRANSFORMATION 40 ton/d 3 SEWERAGE | NO NO
FEDJOUDJ DE BLE TENDRE EN NETWORK

FARINE
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1. General overview

1.1 Country overview

Morocco is an arid to semi-arid country, with agita endowment of water resources. The
yearly average precipitation approximates 1000 imovever the hydrological context of the
country is greatly influenced by the pronouncecerirtnnual and seasonal variation of
precipitation and the heterogeneity in its spatisiribution.

The economy of the country, where agriculture playsmportant role, depends strongly on
water availability. The evolution of the GDP betwdbe 1970s and 2000 strongly manifests
the importance of climate and rainfall in econorgrowth. Indeed, during the 1990-2000
period, and as a result of droughts’ frequency,GRE#P growth was less than 3%. According
to the respective statistic reports, the priceeseals and other agricultural outputs, increased
six-fold and four-fold during the agricultural caaigns of 1989-90 and 1998-99. Water
resource deterioration is also expensive for thentg as a whole: its cost is estimated to
more than 15 billions Dh per year, i.e. 6% of tHeRG

Meanwhile, the average renewable water resourcesgmta is reaching the threshold of
1,000 m3/caplyr, considered as the critical dopréve water scarcity and underlying water
crises. This indicator indicates that water shatagoecoming a fact-of-life, which should be
taken into account in all future policies and watemagement strategies. Water management
operations have been of concern since the 196G Wtorocco initiated the implementation
of large-scale hydraulic, economic and social prognes.

145 billions m3/year rained

21 billions m?/year Mobilized

17 billions m?3 surface water 4 billions m? underground water

(Ministry in charge of Water)

Resources availability (m3/year/inhab.) Bad
45%

Good

In 1995 : 2763 46%

In 1990 : 1117

In 2006 : 750
In 2025: < 500 fil

Quality at the level of points
Avge,',—/d: H of water sampled

Globale quality of the underground waters in Morocco (2005-2006)

(Ministry in charge of Water)

Industry

(5%) Drinking water

(3%)

Good
20%

3

Bad
Average

51%
irrigation
(92%)
29%

Figure 74: Availability and quality of water resources in Morocco

While groundwater resources had already been dultgecassessments and advanced
exploitation schemes, surface water was still aklye@alued resource. Unquestionably, it
was the decision for the launch of a National &tign Programme for 1 million hectares that
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led to the adoption of water management at theralae scale. After a period when water
resources were developed only at the project Igahning evolved to regulating surface
water at the watershed level. The overall aim wadentify supply enhancement alternatives
that would maximize benefits and supply potable ewatises, irrigated agriculture,

hydroelectricity production, and exploit all podsiltdam and reservoir construction sites
within the basins. The development of hydraulicdafructure was followed by concerns over
the allocation of available supply, particularlyrithg drought episodes when the related
problems were more acute.

\

The fast growth of water demand led to emergingewabllution issues, due to human

pressures on the aquatic environment and the tinfiteincial resources available. This in

turn, raised the need for a global, coherent vidimnwater management, which would

consider both quantity and quality aspects and akater management practices would be
integrated with the general interests of the naficommunity.

Since 1982, public authorities introduced in tlE@ministrative practices the concept of water
management at the hydrological watershed scales Tésulted in the establishment of
administrative divisions (DRH) with territorial plaing expertise within the governmental

department responsible for elaborating the natiersér policy. Each DRH corresponded to
one or several hydrological watersheds, and wagorsible for elaborating upon water

management issues.

The long and harsh drought episode, experienced f®31 to 1986, strengthened national
awareness on the crucial and strategic importaficgater management for the country’s
development, and on the necessity for reform indheent institutional setting for water

management.

1.2 Overview of the Oum Er Rbia Hydraulic Basin

The area selected for the implementation of INE@®/brocco is the Oum Er Rbia (OER)
Hydraulic Basin (Figure 75). This selection was duhs on the following
considerations/criteria:

e The water resources of the basin are extremely iitapp as they are used in the
strategic economic zone of Morocco (Tadla, Doukkafal the inshore zone of
Casablanca-Safi);

e The OER basin concentrates a significant part ohemic activities (industry and
irrigated agriculture), and an important sharehefpopulation;

¢ The OER basin has already been the subject of apoinvestments on hydraulic
infrastructure. The basin has the largest numbegaofs in Morocco.

e The region that includes the OER basin and thecadjato the south region, which
depends for its water supply on the OER resouisasmder water stress. Therefore,
the Basin Agency is mainly oriented towards wagmand management issues.
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Figure 75: The location of the Oum Er Rbia Basin (marked in green)
In relation to the entire country, the Oum er Rbisin represents 7% of the total area of
Morocco (50,000 km? vs. 720,000 km?) and 14% of gopulation (4.5 million vs. 32
million). With regard to water resources (Table,@8g basin comprises 19% of exploitable
resources (4,350 million m3 vs. 23,000 million n#nd 19% of the exploited resources
(3,912 million m3 vs. 21,000 million m3).

Table 69: Water resources of Morocco and of the Oum Er Rbia Basin (million m3)

| Surface water | Groundwater | Total
Mobilizable
Morocco 18,000 5,000 23,000
Oum er Rbia Basin 4,022 328 4,350
Mobilized
Morocco 17,000 4,000 21,000
Oum er Rbia Basin 3,604 360 3,964

The Basin Agency of Oum Er Rbia was the first toelseablished in Morocco in 1999; the
Basin Agencies of Moulouya, Sebou, Loukoss, BouBggmensift and Souss-Massa were
established in 2002. Being the pilot Basin Agentyenefited from continuous follow-up
activities (e.g. twinning with the French Basin Agg of Adour-Garonne for training
programmes, organization of seminars etc).

Morocco is a country that relies mostly on storaggervoirs; in total, there exist 96 dams,
with a total storage capacity of 15 billion m3. Tham Er Rbia Basin has 15 dams and a total
storage capacity of 5.22 billion ms.

1.2.1 General features

As mentioned above, the Oum Er Rbia basin extends an area of approximately
50,000 km? (Figure 76). The Oum Er Rbia river, wathotal length of 550 km, originates
from the Middle Atlas (altitude of 1,800 m), trases the Middle Atlas chain, the Tadla plain
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and the Meseta area, and discharges in the Atl@u&an, at a 16 km distance from the city
of El Jadida.

The population of the basin is approximately 4.8iom, of which 65% are rural. Population
density is higher in the central part of the reginear water sources and along river and
stream courses. The basin has diverse economidgtiasti including irrigated and rainfed
agriculture, mining, agro-processing and numeratgel manufacturing industries.
: Homy dPostion ds PAgsnss du Bossin
@*’i . tiydennBans & POun Br Rbs

Figure 76: The Oum Er Rbia Basin — Area under the responsibility
of the Oum Er Rbia Hydraulic Agency

The yearly average precipitation is 550 mm, randiatyveen 1,100 mm in the Middle Atlas
and 300 mm in the downstream zone of the rivera@rage, there is snowfall 20 days/yr in
altitudes exceeding 800 m. Temperature ranges kaetwH) and 50°C and potential
evapotranspiration accounts for 1,600 mm/yr onayemlong the coast and 2,000 mm in the
hinterland, reaching the maximum value of 300 mrduly and August. As outlined in Table
70, over the last decades, there has been a s@mifprecipitation decrease in large parts of
the basin (High Oum Er Rbia, Central Oum Er Rbiawland Middle Oum Er Rbia, El Abid
and the Tessaout).
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Table 70: Precipitation decrease in the Oum Er Rbia Basin

s

wb

Region Average Average Average yearly
precipitation - precipitation - decrease (mm/yr)
1950-1970 (mm/yr) | 1980-2000 (mm/yr)

High OER 650 496 -4.8
Central OER 644 404 -7.5
Middle and low OER 431 367 -2.0

El Abid 649 397 -7.9
Tessaout 699 475 -7.0

1.2.2 Water resources

Surface water

The basin’s water courses comprise the Oum Er Ri@a and its main tributaries: Tessaout,
Lakhdar and El Abid (Figure 77). The average s@fam-off of the basin is estimated at
3,680 million m3, ranging between a maximum val@i&,800 million m3 and a minimum of

1,300 million m3. In addition to snowmelt, numeraasirces contribute to surface run-off and
sustain the flow of the Oum Er Rbia River.

e Réseau Hydrographique

s |_jmite Bassin Hydrologique 0

,
150

Figure 77: The Oum Er Rbia River and its tributaries

Groundwater resources
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The groundwater resources of the Oum Er-Rbia basinrelatively important, distributed
among several aquifer units (Figure 78).
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Figure 78: The Oum Er Rbia Basin aquifers

The Tadla aquifers form a multilayered system cosnpy 4 superimposed aquifers,
separated by impervious or semi-impervious layErem bottom to top, the four aquifer
systems are:

e The carbonated Turonian aquifer;

¢ The Senonian aquifer;

e The sandy calcareous Eocene aquifer;

e The alluvial aquifers of the Tadla and the dowrastieTessaout (aquifers of Beni
Amir, of Beni Moussa and of the Tessaout).

1.2.3 Water resources’ quality

The main water pollution sources in the region thee discharges of untreated urban and
industrial effluents, and diffuse pollution fromramiltural activities, as a result of fertilizer
and pesticide use. The direct and indirect effedtshose pollution sources result in the
deterioration of the quality of both surface andugrdwater.

Surface water

Surface water quality is generally good in the rgasn regions of the basin, and gradually
degrades downstream, as a result of urban andtiredwdischarges. The section of the Oum
Er Rbia river between Kasba-Tadla and downstrea@ubéd Zidouh is excessively polluted

from the combined discharge of industrial and ddmasastewater. The situation is further

aggravated during the summer months, due to sugaugption activities and the discharge
from other untreated effluents.

Groundwater

Groundwater quality is continuously deterioratimuring the last 15 years, the measured
concentration of nitrates has escalated to alarhewvels, exceeding 50 mg/l in the majority of
monitoring stations. This adds to the elevatedniglievels measured in particular water
tables (Beni Amir, Beni Moussa West).
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1.2.4 Water resources exploitation and use

The effort for surface water exploitation — Dams

In view of its importance, the Oum-Er-Rbia basiewdithe attention of water managers since
1929, when the Sidi Said Maachou dam was constiucknce then, 15 dams were
constructed, of which 5 can be considered importdifite current storage capacity is
approximately 5,220 million m3, whereas the totakgulated water volume is
3,604 million m3/year, i.e. 33% of the total voluinghe country (Table 71 and Figure 80).

Table 71: Existing hydraulic infrastructure

Dam Operation | Storage Height Purpose® Regulated
year capacity (m) volume
(million m3) (million m3)
Ahmed EL 2001 740.0 101 E, I 473
HANSALI
A.MESSOUD 2003 14.0 34 E, LU -
Kasba TADLA 1935 - 11 E, | -
BIN EL 1954 1253 .0 132 E, I 945
OUIDANE
AIT OUARDA 1954 4.0 46 E, I -
HASSAN 1st 1986 245.0 145 E,lIU 346
SIDI DRISS 1980 1.3 42 I, U -
MY YOUSSEF 1969 161 .0 100 E, | 250
TIMINOUTINE 1979 5.3 45 [ -
AL MASSIRA 1979 2744.0 82 E,I,U 1590
IMFOUT 1940 18.2 50 E, LU -
DAOURATE 1950 9.5 40 E,U -
Sidi Said 1929 15 28 E,U -
MAACHOU
Dam of Safi 2001 2
Dam Sidi Daoui 2003 5
TOTAL 5204 3604

Overall, surface water regulation is favourabldhia region, mostly due to the existence of
the grande Al Massira dam (Figure 79), locatechendownstream part of the basin. Water is
mainly used for drinking water supply, irrigationdahydroelectricity production.

30 E: Energy production; I: Irrigation, D: Urban (destic and industrial water needs)
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Figure 80: Large storage reservoirs in the Oum Er Rbia Basin

Groundwater

The effort for exploiting groundwater resourcesrently offers a supply of 3000 million m3
per year, which represents 10% of the mobiliseduees of the country. The annual
abstractions from the main water tables of therbase detailed in Table 72.

Efforts for groundwater mobilization currently petmo make available a volume of
300 Mm?3/yr, which represents 10% of mobilized reses in the country. Volumes of water
annually extracted from the main water tables eftihsin are indicated below.
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Table 72: Average annual groundwater extraction (million m3)
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Use Phreatic Eocene Turonian Tassaout

water tables Downstream
Drinking water supply 17 2 22 2
Irrigation 225 25 4 11
Total 308

1.2.5 Water use

The volume of water used in the Basin escalategppyoximately 3,861 million m3. Of this
amount 91% originates from the exploitation of aoef waters. This volume allows for the
irrigation of more than 345,000 ha, the productdrii866 GWh of energy (on an average
year), the provision of drinking water supply tonfllion inhabitants and a released volume to
ensure the protection of water courses.

Table 73: Water demand and supply in the Oum Er Rbia Basin (million m3)

Use Surface water | Groundwater Total
Irrigation 3250 257 3507
Drinking and industrial water supply 100 89 189
Inter-basin transfer (urban water needs) 165 165
TOTAL 3515 346 3861

Drinking and industrial demand and supply

The total demand for drinking and industrial waterbe supplied from the water resources of
the basin is approximately 354 million m3. Of thisiount, 20 million m3 accounts for water
demand in rural areas, whereas 30 million m3 cpoeds solely to industrial activities. The
demand is met through surface water abstraction266fmillion m3 and 89 million m3 of
groundwater. The major cities supplied from theildaswater resources are Beni Mellal,
Khouribga, Oued Zem, El Jadida Casablanca, SBeathid Safi and Marrakech.

Irrigation

Within the basin, crop irrigation needs account 30507 million m3/yr. Of this amount,
2,533 million m3 are supplied from the large hydi@works and 974 million m3 are supplied
from small and medium-scale infrastructure.

The development of irrigated agriculture was babstem the implementation of the
corresponding hydraulic infrastructure. The totakairrigated from the large hydraulic works
is equal to 308,500 ha, including the 35,400 haetuly equipped in the Central Haouz.
Small and medium-scale water works are used foirtigation of approximately 36,000 ha.

Inter-basin transfer

The industrial and domestic demand of cities ofaBsica (approx. 4 million inhabitants)
and of Marrakech (approx. 1 million inhabitantsjrist through inter-basin transfers from the
Oum Er Rbia Basin. The current volume of water §agpfor meeting water needs in cities
located outside the basin (Casablanca, Settat,hBemnd Marrakech) is approximately
165 million m3/yr, distributed as follows:

Date: 25/09/2007
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e 120 million m3/yr for Casablanca, Settat and Betclupplied from the Al Massira
complex;
e 45 million m?¥/yr for the Marrakech city from the skan ler-Sidi-Driss complex.

Energy production

The Oum Er Rbia basin is the basin with the lardeatroelectricity power plants. The
currently installed power, not including the plaoft Afourer, is 623 MW (50% of the
nationally installed hydroelectric power). On awgal866 GWh/yr are produced, i.e. 60 to
72% of the total hydroelectricity production.
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Figure 81: Location of storage reservoirs, canals for inter-basin
transfer and irrigation perimeters
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2. Institutional and financial context

The legal basis of the formulation of all futuretarapolicies is the Law (Water Law) adopted

in July 1995. The Water Law was introduced with #im to address the challenges the
country is facing, i.e. increasing water scarcgignificant demand pressures, increase of
water supply and treatment costs, deterioratiowater quality and of the environment. The

main principles adopted by the Water Law are:

e The public character of water resources:all waters form part of the public
hydraulic property, except for traditional wateghis, whose property is already
either established or recognized by a suitablequtoe;

e The uniqueness of the resourcewater is unique, and the quantitative and qualiat
aspects of surface and ground waters are inseparabl

e The unit for water management:water management is undertaken at the hydraulic
basin scale, which is recognized as the suitalbgrg@hic entity for the development
and management of water resources;

e The recognition of the economic value of waterthe application of the user-
polluter-pays principle is more of an incentivertta dissuasive measure to achieve
water conservation through the regulation of theaked;

e The national and regional solidarity: the establishment of Basin Agencies aims at
the implementation of solidarity mechanisms, patédy in water management
processes, and among users, sectors and regions.

o Dialogue in water managementwater management issues must be discussed at all
levels (national, regional and local) between adstriation services, users and the
elected representatives. Two major arrangementsaaipermitting the penetration
and finally the establishment of dialogue in watemagement:

e The establishment of thdigh Council of Water and the Climate, which is
the forum that allows all national actors concerhgdvater issues to debate on
the national policy and the main orientations ofevaesource management.

e The establishment oHydraulic Basin Agencies that will permit a real
decentralization of water management, implying #ilbparties concerned are
involved in decision-making.

2.1 |Institutions and responsibilities

The water sector draws its general managementiplesdrom the Higher Council for Water
and Climate, and is organized through nationaljorely and local institutions. The three
institutions which have the strongest involvementvater-related issues are:

1. Local communities and municipalities
2. The Ministry of Territory Planning, Water and thevitonment (MATEE)
3. The Ministry of Agriculture.

2.1.1 Local communities and municipalities

Communities are responsible for the distributiomdohking water and wastewater collection
and treatment. They can provide these servicehi@n ¢wn, through a utility that they can
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create, through private concession, or through\igonal Office for Drinking Water (Office
National de I'Eau Potable-ONEP).

2.1.2 The Ministry of Territorial Planning, of Water and the Environment (MATEE)

The Ministry of Territory Planning, Water and thenvfonment (Ministere de
I’Aménagement du Territoire, de I'Eau et de 'Emrinement-MATEE) has two entities that
are involved in water management:

1. The Secretariat of State to Water who acts as the intermediary of the State to
Hydraulic Basin Agencies, and is responsible fog fflanning, exploitation and
management of water resources.

2. TheNational Office for Drinking Water (Office National de 'Eau Potable-ONEP),
which is responsible for the planning and operatibrinfrastructure for drinking
water production, for monitoring and controlling tesa quality of drinking water
supply sources, for potable water distribution aediage collection and treatment.

In this regard, the MATEE is the central authoriggponsible for the formulation of water
policies, water exploitation and conservation, ésxdhe management of the public hydraulic

infrastructure. It is also the authority resporsifibr the allocation of resources among the
different uses.

2.1.3 The Ministry of Agriculture

The Ministry of Agriculture has regional officessponsible for agricultural development.
These are also involved in the management of veditarated for crop irrigation.

2.1.4 Other ministries with a role in water management

Other ministries, involved directly or indirectlyn iwater policy formulation and water
management operations are:
1. The Ministry of Industry , as industrial water requirements are usually kegp
through the ONEP infrastructure.
2. TheMinistry of Energy, as water used for hydroelectricity productiomfiterwards
diverted for irrigation purposes.
3. Other ministerial departments (described also énctiiart of Figure 82) which have a
role in the control and regulation of water-relaigsles:
e Departments of the Ministry of the Interior, respitnte for the support of local
associations, through the DGRSC, and of the DEA.
o Departments of the Ministry of Finance for the finel monitoring of water
projects and for the financial management of ses/jarovided.

e The Ministry of Economic Affairs, which interven@s the setting of water
tariffs.
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Figure 82: Organisation of the water sector

2.2 Organisation and responsibilities of main actor S

2.2.1 Higher Council for water and climate

The Higher Council for Water and Climate was esshleld in 1987, with the aim to formulate
the general orientation of the national policy caméng water and climate. Furthermore, it
elaborates and formulates an opinion on:

e The national strategy for improving knowledge ommelte conditions and the
mastering of their effects on the development dkeweesources;

¢ The National Water Management Plan;

e Plans for the integrated development of water ness) and in particular the
allocation of water among the different sectors eglons of the country or of the
same basin, as well as arrangements of assesgmetgction and conservation of
water resources.

The Council is organized as follows (Figure 83):

o Half of its members are representatives of the stat
e Half is constituted by representatives of socioeoaic sectors
e The secretariat is provided by the MATEE.
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v

| Secretariat : MATEE|

A\ 4

Members of ministerial departments: Mls, MAE, MEARA, MS, MF, ONEP |

Representatives of socioeconomic sectors
- Water users;
- Prefectural or provincial assemblies;
- Higher education and scientific research estaivlesfts;
- Professional and scientific associations

Figure 83: The organization of the Higher Council for Water and Climate

2.2.2 The Ministry of Territorial Planning, of Water and the Environment (MATEE)
The Ministry of Territorial Planning, Water and tHenvironment was established in
November 2002, when the last government was apmbintlt comprises 5
departments/divisions:

¢ The State Secretary responsible for water;

¢ The Environmental Department;

e The Territorial Management Department;

e ONEP;

e The Hydraulic Basin Agencies.
By regrouping the above, the establishment of tHelTE aimed at adopting an integrated,
overall policy and at guaranteeing the prospectthi® development of the country.
The ONEP and the Hydraulic Basin Agencies are then mublic operators responsible for
the implementation of the water policy, and arafficially autonomous institutions.

[ o= |
e

| |
Department for territorial ] [ State secretary responsible

N

management for water

General direction
of hydraulics

Direction of hydraulic Direction of research
management and water planning

[ Basin Agencies ]

] [ Environment Department

|

Figure 84: The organization of the MATEE
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2.2.3 The Hydraulic Basin Agencies
The key actors in regional water management argddyid Basin Agencies, which, as stated
above, are financially autonomous institutions. Tifig(pilot) agency, established in 1999,
was the one of the Oum Er Rbia Basin. Six more vestablished in 2002: Moulouyas,
Sebou, Loukoss, BouRegreg, Tensift and Souss-Mabsamandates of the Hydraulic Basin
Agencies are:
e Maintaining the public hydraulic infrastructure angrganizing its use and
exploitation.
¢ Promoting the economic value of water.
¢ Providing financial and technical assistance forewenanagement operations.
o Developing the Integrated Water Resources ManageRan and ensuring its
implementation.
¢ Issuing permits and authorization for the use efgghblic hydraulic infrastructure.
¢ Providing the necessary support for preventing maadution.
e Performing studies and assessments on water guantdtquality issues.
e Proposing and implementing regulation measures.
¢ Maintaining the inventory of water rights, concessi and permits for water
abstraction.
The responsibilities of the Basin Agencies are to:

o Develop water resources through:
e Water resource planning and management,
e Assessment of water resources,
e Exploitation of water resources,
¢ Monitoring of the quantity and quality of water oesces,
e Control of the water resource utilization;
o Protect water resources and national heritage by:
e Safeguarding the public hydraulic domain,
e Preventing and managing the exceptional situation,
e Operating, maintaining and exploiting hydraulic wsyr
e Provide services towards third parties by:
¢ Providing technical assistance and receiving benfbm services delivered,
e Developing partnerships;
¢ Providing financial assistance.

2.2.4 The National drinking water office (ONEP)

The ONEP is the most important actor in the pradacand distribution of drinking water, as
it is responsible for approximately 80% of the tatater supply and 25% of the distributed
volumes. Established in Apri(31972, the responsibilities of ONEP include:

¢ Planning and management of drinking water suppthénKingdom.
e Assessing, implementing and managing drinking watestractions throughout the

country, with the exception of non-delimited aghiatal areas, which are not subject
to an agricultural development plan.
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e Managing water services in cities where this serwannot be provided by the
municipal authorities.

e Providing technical assistance on issues relatedatoitoring of the quality of water
consumed upon request of the public institutionceomed.

e Controlling, in collaboration with relevant authiges, the pollution of water intended
for human consumption.

e Providing, upon the request of individuals, techhiassistance on the assessment,
implementation and management of water abstraatoindistribution systems.

e Undertaking relevant assessments, in collaboratitnthe Ministry of Public Health
and other Ministries involved in projects.

In the context of implementing a strategy for tewelopment of sewerage services, the State
adopted Law n° 31-00 (Dahir n° 1-00-266 of SeptenBe2000). Through this Law, the
ONEP has been designated responsible for the mameggeof sewerage services in
communities and municipalities, following a relevaecision issued by the respective local
Community Council. The Law had been preceded bylairdecrees which transferred the
provision of sewerage services from communities emchicipalities to local, public water
utilities (Regies).

2.2.5 The Ministry of the Interior — Water Utilities and Concessions

Water Utilities (Regies)

At present there are 13 water utilities, estabtislrethe large cities following the relevant
decisions of the Local Municipal Councils. Theimais to ensure the distribution of potable
water, and potentially sewage collection and treatmOften, and in order to assure an
adequate recovery of costs, these utilities are @sponsible for electricity distribution. In

the Oum Er Rbia Basin, the only “regie” is the afi®eni Mellal.

Concessions

Approximately 35% of the total population and 50%water needs are serviced through
concession contracts. The main companies involved a

e LYDEC, which is responsible for water supply aneveeage services in the city of
Casablanca since 1997. The population suppliedgeoaimately equal to 4 million.

e REDAL, which is responsible for water supply andvemge services in cities of
Rabat and Sale since 1999, supplying approxim&tehllion inhabitants.

e AMENDIS, which is responsible for water supply as®lverage services since 2001
in cities of Tangiers and Tetouan.

2.2.6 The Ministry of Agriculture - Regional offices for agricultural development
(ORMVAS)
The ORMVAS (Offices régionaux de mise en valeuricade) were first established in the
1960s with the aim of decentralizing irrigation watmanagement. At present, the 9
ORMVAs have the mandate of promoting agriculturativdaties in the large irrigated
perimeters of the country. In this regard, seviensts and decrees have been implemented for
specifying their status of financially autonomowsbliic institutions, under the control of the
Ministry of Agriculture. Their main responsibiliseare to:
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1. Assess agricultural development schemes in fhgated perimeters, within the
framework of the large hydraulic infrastructure rmgement.

Monitor and provide assistance to the explaitatiof irrigated perimeters, by

scheduling irrigation, undertaking experiments gnicultural production, monitoring
the implementation of the irrigation schedule, naning soil quality and drainage,
maintaining irrigation networks, and collect theresponding water charges.

3. Organising agricultural production.

With regard to the civil society, additional pastieith a role in water management are:

the hydraulic infrastructure.

involvement of water users in the management oémdistribution networks

The usual farmer associations, which have watétsignd manage interdependently
Farmer associations, commonly established in itedjgerimeters for promoting the

The associations of users of agricultural land, clwhiaim at facilitating the

participation of end-users, implementing waterriistion networks and manage and
maintain hydraulic works.

Table 74 Responsibilities

in water management

AUTHORITY

RESPONSIBILITY

High Council of Water
& Climate (CSEC)

Formulation of the general orientation of the National Watécyo

Ministry of Territorial
Planning, of Water and
the Environment
(MATEE)

Definition of the overall integrated policy (Water, Environmen
Regional Development)

Secretariat of state for
Water

Implementation of the overall policy for water resource managem

BN

Hydraulic Basin

Maintenance and management of the public hydraulic infrastructu

re at

Agencies the regional level
National Office for - Planning of urban water supply in the Kingdom
drinking water (ONEP). | -  Assessment, implementation and management of drinking

abstractions throughout the country, with the exceptionoof
delimited rural areas, which are not subject to an agricul
development plan

Management of water supply and sewerage services in
where this service cannot be provided by the local authorities

vater
X
ural

Cities

Water utilities (cost-plug
contract)

Provision of drinking water supply and possibly sewe@agkection
and treatment services. They are often responsible for electricity
distribution as well, in order to ensure an adequate recoVensts.

Concessionaires

Private operators, for providing water services in large
agglomerations.

Regional offices for
agricultural
enhancement (ORMVA

Assessment of agricultural development plans for the irrigated
perimeters, within the framework of hydraulic works” managetn
and monitoring and management of the perimeters’ infrasteuctu

Ministry of Finance

Control of the financing of water-related projects and ofitiencial
management of water services

Ministry of the
Economic Affairs

Involvement in the setting of water tariffs and charges fastewater
collection and treatment.
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Table 75: Water resources planning matrix

@l

ACTIVITY CSEC MATEE SEE Hydrauli ONEP Utilities Ministry ORMVA
¢ Basin and of s

Agencies Concessi | Economi
onnaires | c Affairs

Surface waters

X

Use

Storage X X

Groundwater X
recharge

Diversion X X

Quality X X
monitoring

Assessment X

Groundwater

Use X X X

Storage X

Recharge X X

Quality X
monitoring

Assessment X

Well permits X

Irrigation network

Rehabilitation X

Modernisation X X

Reuse

Drainage X
water

Wastewater X X X

Desalination

Introduction X
of technology

Efficient water utilisation

Domestic X X X

X
X
X

Industrial

Agricultural X X

Legislation

Regulation X
and codes

Standards X

Policy setting X X

Water X X
allocation

Project X X X X X X
financing

Project design X X X X X

Project X X X X X
implementatio
n

Operation and X X X X
Maintenance

Pricing (tariffs) X

Enforcement X X X X

Water data X X X X
records
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2.3 Water-related legislation

2.3.1 Law n°10-95 (the Water Law)

Since 1995, the water sector in Morocco is govermgd.aw n° 10-95. However, the first
legal text dealing with water-related issues in Mo dates back to 1914. After this date,
legislation was progressively prepared, followihg thallenges faced in the management of
the public hydraulic domain, which had to be retgdaThese regulations involved the urban
environment, the industrial and agricultural sestand other issues. However, they could not
respond to the increasing pressures exerted onr weseurces. They were used for the
preparation of the Water Law, which regroups, moides, completes and collects all those
regulations in a coherent framework, following frnciples of IWRM, by decentralizing
water management operations and recurring to iatedrmanagement and rationalization of
water use for meeting the needs of all users caeder

The Water Law allowed the implementation of redeends in water management through
the establishment of Hydraulic Basin Agencies iB9.9he mission of the Basin Agencies is
to evaluate, plan and manage water resources irespective Hydraulic Basin. As they have
access to their own financial sources (revenuas frater charges, loans, subsidies, grants),
the Basin Agencies can grant loans, assistancewsldies to all institutions and individuals
for the management and protection of water ressurecebrief, through the introduction of
the polluter- pays and the user-pays principles, iew law gives means to finance the
rehabilitation of water bodies. The application tbhbse principles is in the process of
finalization.

The Water Law defines the geographical settinghermanagement of water resources: the
Hydraulic Basin, which constitutes the unit for tfevelopment and implementation of local
integrated water management plans, which, in te, contribute to the development of the
National Water Plan.

2.3.2 The Communal Charter

The Communal Charter assigns to local communitiesraunicipalities the responsibility of
providing public water services, such as drinkingtev distribution, electricity distribution,
sanitation, transport, sewage collection and treatmwaste management etc. It is subject to
regular updating and refinement, so as to enssi@diéptation to the evolution of the political
and socio-economic context.

The new Community Charter, issued on OctobepB02, entered in force in 2003, after the
official announcement of local election results.eTimain modifications concerning water
management concerned the prerogatives of the Bresmf the Community Council for
employing the help of the civil police force, ndiabn issues which have a direct impact on
the provision of drinking water supply and sandatservices.

2.3.3 The transfer of sewerage services to the ONEP and to water utilities

Law n° 31-00 (Dahir n°® 1-00-266 of September 18902 was adopted within the context of
implementing the strategy for the development gfesage services. Through this Law, the
ONEP has been designated responsible for the mamesgeof sewerage services in
communities and municipalities, upon the relevatision of the Local Community Council.
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The Law was preceded by similar decrees, allocdtiegorovision of sewerage service from
to local utilities.

2.3.4 Other important laws on technical aspects for water resource protection

Other important laws and regulations, particulagialing with environmental and water
resource protection are:
e Law n° 11 - 03 on the protection and the enhancemef the environment in
Morocco.
Its principles and regulations aim at:
e Protecting the environment from all pollution scesc and preventing
environmental degradation independently of itsiorig
o Ameliorate living conditions.
o Define the technical and financial legislative feamork for environmental
protection.
¢ Implement a specific accountability framework farsaring the mitigation of
environmental damage and the compensation of véctim
e Lawn® 12 - 03 on Environmental Impact Assessments
The law defines its application framework and defithe content of environmental
impact assessments and the responsibilities admagcommittees.
o Decree of October 17, 2002 on water reuse for irridion purposes
The decree defines the conditions for reusing maeld wastewater for crop and
landscape irrigation, by describing conditionstfar irrigation of:
e Agricultural products consumed raw
e Cereal production
e Garden and sport field irrigation
e Orchard irrigation.
The standards set concern the wastewater treatprecess, and concentrations
which should not be exceeded for each type, andjtlagity standards for irrigation
water which may be mixed with treated wastewater.

Further legislation on direct and indirect discleastandards is in the stage of elaboration.
2.4 Financial framework

2.4.1 Financing of drinking water and treatment services
The financing of water supply and sewerage seniilcddorocco is performed through the
following mechanisms:
e Cost recovery through the set water charges aiffstar
e Loans, subsidies, grants, etc.
With regard tadrinking water provision, the recovery of costs is effected through:
e A water supply (or royalties) charge, calculatedoading to water consumption.
e A contribution to the % implementation (PPE - Participation au Premier
Etablissement) , aimed at recovering the correspgridvestment costs;
e Afixed charge to cover connection costs;
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e A fixed charge for the recovery of surveys and sssents;
¢ A pollution charge, for which the pertinent legtgta is under approval.
Water supply charges in urban areas vary amon@msgand comprise two parts: a fixed
charge, and a volumetric charge, which dependshenvblume of water consumed. The
maximum rates are those of Casablanca, whereasitii@um are those of Meknés.
The water bill depends on the type of use:
e For residential users, the water tariff follows timereasing Block Rate structure,
dividing water consumption into four blocks:
e 1%block: 0-6 m? - rate lower than cost;
e 2"block: 7 to 20 m3 - rate equal to cost;
e 3%block: 21 to 40 m3 - rate higher than cost;
e 4" block: >40 m3 - rate much higher than cost.
o Preferential tariff, for boundary-marked fountainghere the price is uniform and
equal to 2.18 DH/m3.
e Forindustrial users, the price is also uniforng aqual to 2.23 DH/m3.
In rural areas, the water is generally deliveredhto user through an intermediary at prices
ranging between 7 and 12 DH/m3. This intermedianysbwater from the ONEP at the
reduced price of 2.18 DH/m3.
Charges for sewage collection and treatment compis parts: a fixed and a variable
charge. The fixed charge varies according to the tf use:
o Forresidential users, it ranges between 36.0(%ar@BDH;
o For commercial establishments it ranges betweer004hd 242.04 DH ;
e For public buildings, administration offices etét, ranges between 72.00 and
121,44 DH.
The variable charge is estimated according to thienve of water consumed, and also
follows an increasing 3-block rate structure:

e 1%block: 0-6 m3/month:
e 2"plock: 7-20 m3/month;
e 3“plock: >20 m3/month

It should be noted that water billing is performaa a monthly basis in both the case of
municipal water utilities and private operatorswéwer, with the exception of big clients, the
ONEP implements quarterly invoicing.

Furthermore, a tax concerning the implementatiorthef ' establishment (PPE) is also
implemented. This tax aims at the recovery, by Bbakl and building owners, of the cost
required for extending the public sewerage netwdHis objective is evident by the formula
for the calculation of the PPE, which depends oa type of the building, making a
distinction between apartment blocks and individualises. Connection charges depend on
the pipe diameter and on the fagade, whereas chémgassessments and survey depend on
the size of the project, and can exceed even 10¥%eqgiroject costs.

In spite of the above, water tariffs cannot enslome an adequate recovery of costs, due to
the limited ability-to-pay of the users. This igfpaularly true in the small villages and cities,
where costs are higher. In this case, the conidbutf local authorities, through subsidies

Deliverable 3 Date: 25/09/2007
Version: Final, Dissemination Level: PU 252/266



N
)

INECO o/

and grants is required. Furthermore, it should dtedhthat the delays at the investment level
contribute adveresly to the overall financial bakan

External sources of financing

The recourse to external financing is becoming naor@ more important, given the financial
mounting of the ONEP investment program. Two typfefinancing are distinguished:

e Priviledged financing, characterized by interesesalower than 1%, repayment
period of a maximum of 30 years and a 10-year mamingrant period. This type of
financing is generally reserved for projects ofiabcharacter (i.e. drinking water for
rural areas, sewage treatment schemes).

¢ Banking-type financing, characterized by an averatgrest rate of 3%, repayment
periods of 15 to 20 years, and a grant period gé&rs. This type of financing is
usually reserved for projects in urban areas, amaduich faster in obtaining.

Municipal contributions

The financial contribution of municipalities is &® to cover 30% of the cost of sewage
treatment projects and 20% of projects for rurahdstic water supply. For the latter projects,
the local population also contributes bearing allsshare (5%) of the total cost.

State subsidies and grants
State subsidies concern:
o Grants provided for the implementation of rural @vasupply and sewage treatment
projects.
e Subsidies granted to non-eligible municipalitiesdovering their share of investment
costs. They can amount to 30% of the cost of thgept.

It should be noted that the annual state subsigarids ONEP, equal to 300 million DH/yr
has been stopped since 1995.

2.4.2 Regulations for drinking water and sewerage collection services

Regulation over the provision of water services saiat encouraging public and private
enterprises to provide water services of the sl@tgbality with least cost. Entities which can
assure the implementation of the above principléiccte a Ministerial Department or an
independent regulating authority. The overall geab complete the institutional setting, by
establishing an Agency for the water sector, whicluld encourage integration. Currently,
options vary according to the status of the watevise provider (public or private).

While the establishment of an independent entitgeisding, regulation is performed by the
different ministries, according to legal provisioms quality standards, enforcement, hygiene
and security, etc.

Private operators

Private operators are monitored by a Committeechvinsures that the operator abides to its
contract, and monitors the evolution of tariffs, well as technical, administrative and
financial management. The issues which are not tmi@d by the Committee are:

o Water pricing, as water tariffs are revised acamgdb previous agreements with the
Government.
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o Drinking water quality standars, defined by law.
¢ Water rights.
o Water allocation.

Committees operate under the supervision of thedlon of Regies and conceded services
(DRSC), under the control of the Ministry of thedrior.

Public operators (ONEP and Regies)
Similarly to above, committees do not intervenéhatdefinition of prices, which are decided

by the Prime Minister, drinking water quality stands and water allocation, which are
decided by the MATEE, through the ONEP and by Bagjancies.

2.4.3 lIrrigation water provision
Irrigation water supply sources comprise:

e Surface water, regulated by dams which are finatgethe State budget and other

foreign sources of financing;

e Groundwater either distributed by the ORMVA or ditg pumped by the farmers.
Cost recovery is effected through the setting sfnaple volumetric rate (not differentiated
according to the overall consumption), which vadesording to the region. With regard to
groundwater, two water charges are applied:

e The first concerns water delivered by the ORMVAdghat entrance of the farmer’s

field (parcel), which is generally equal to 0.50/ibh

e The second concerns water pumped by farmers ubi&ig dwn equipment. In this

case, a charge of 0.02 Dh/m3 is paid to the ORMVA.
For surface water, the: tariff varies among basinghe Oum Er Rbia Basin, the price is
equal to 0.24 Dh/m3,

The low tariff for groundwater pumped in the fig¢@ 02 Dh/m3) results in the irrational use
of water by agricultural users and to the over-eitation of groundwater resources.

Finally, it should be noted that:
o Water losses in parcels are extremely high (moae 0% of the water is lost in the
irrigation networks.
e Water-intensive crops, such as bananas, melonaggcstill being cultivated, even in
areas under water stress;
e Costrecovery is low, and does not exceed 30%.
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3. ldentification of focal problems in water
management

3.1 Constraints facing the water sector

3.1.1 Natural constraints

The Hydraulic Basin of the Oum Er Rbia is facedhwiarious natural constraints, mostly
concerning the sustainability and availability céter in terms of both quantity and quality.

Water availability is subject to the large variatiof precipitation in both space and time. This
is due to several factors, such as the locatighefegion, and the overall climatic conditions.
It should be noted that in the drought episodesynaonly repeated after 1980, the reduction
in the volume of water available was about 15 %20

Furthermore, the Oum Er Rbia Basin is situated betwtwo other Basins of significant

socio-economic importance, which experience sigaift water management issues:

e The Tensift Basin, where Marrakech is located, 6gpees a widening gap between
supply and demand;

e The Bouregreg Basin where Casablanca and Rab&icaied, cannot depend on its
own water resources, and where inter-basin tramdfied to be implemented. It
should be noted that the Atlantic zone, with 7 imillinhabitants is the most dynamic
region of the country in socio-economic terms.

In order to address the above issues, the Staertoo#t several actions, such as:

¢ Regulation of water flow;

o Development of an extensive irrigation network;

¢ Inter-basin transfers to reinforce water suppliange cities;
¢ Engagement in a National Debate on water-relasts

The above actions are further detailed in the Yalhg paragraphs.

Regulation of water flow

As mentioned above, surface water resources irCiln® Er Rbia Basin are estimated at
3,604 million m3/yr, varying between the maximum8800 million m3/yr and the minimum
value of 1,300 million m3/yr. The State’s plans &éam construction in the Basin was started
in 1929, reinforced during the 1950s and acceldrtitereafter.
Flow variability was regulated through the condtiut of 15 dams, with a total storage
capacity of 5.22 billion m3, and storing, on aver&g6 billion m3. The three larger dams are:

e The Al Massira dam, constructed in 1979, with aacity of 2.76 billion m3;

¢ The Bin El Ouidane dam, constructed in 1954, witapacity of 1.25 billion m3

¢ The El Hasanli dam, constructed in 2001, with aacép of 740 million m3 of which

473 are regulated.

At present, dam construction can be consideredagsimally viable for only a few sites.
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Development of an extensive irrigation network

The total area irrigated by the Great Hydraulic Wgors approximately 309,000 ha, and
corresponds to 70% of the irrigable area of thénbakhis area forms part of 5 Irrigation
Perimeters:

e Beni Amir: The perimeter, with an area of 35,000 ha is sadpirom the Kasba
Tadla dam, and from groundwater (irrigation of ®0@). The total water demand is
approximately equal to 390 million m3/yr.

e Beni Moussg with an area of 69,500 ha and an estimated wdémnand of
740 million m3/yr. The perimeter is supplied almegtusively by the Bin El Ouidane
dam (710 million m3/yr). Groundwater contributestb@ supply of 30 million m3/yr
for irrigation purposes.

o Doukkala, a perimeter of 61,000 ha, irrigated from the Adddira Dam, through the
dam of Imfout. The total water demand is approxatya¢qual to 550 million m3/yr.

o Tessaout amontwith a total area of 30,000 ha. The perimeteuisplied from water
regulated by the Moulay Youssef Dam (210 millioriym)3and from irrigation returh
flows (40 million m3/yr on average).

e Tessaout aval with a total area of 48,500 ha, where a netwdrks@guias was
constructed and supplied from the Tessaout Rivaedp The area equipped for
irrigation is 5,000 ha and is irrigated from thekhdar-Tessaout system.

Inter-basin transfers to reinforce water supphjdnge cities

Water from the Oum Er Rbia Basin is used for megtivater needs in the regions of
Marrakech and Casablanca, and, during exceptiawaigtits, for the city of Tangier. More
specifically:

e A volume of 305 million m3/yr is transferred forrheé Oum Er Rbia Basin to the
region of Marrakech. Of this amount, 260 million ar® used for irrigation purposes
and 45 million m3 for meeting urban water needs.

e The annual supply provided by the Basin for meetuager needs in the Casablanca
City is equal to 120 million m3.

e Drinking water was transported in 1995, throughkéas, to the city of Tangiers,
which experienced serious problems as a resulh®f1993-94 drought. During 4
months, water was transferred from the city of &lida to the harbour of Tangier,
providing 30.000 m3/d (3.6 million m3 in total).
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Engagement in a National Debate on water-relatsdes

The National Debate on water-related issues wasiafy launched by the Prime Minister in

November 2006. The debate will continue throughpthlelication of Regional Proceedings in
2007, and aims at raising awareness among wates asethe need for conserving and
protecting water resources.

3.1.2 Technical issues

In spite of all the aforementioned efforts, there atill technical issues that need to be
resolved. The most important ones are:

e The overexploitation of groundwater resources, tueoverpumping but also to
reduction in precipitation,

e Water quality deterioration,

¢ Inefficiency in water use,

e Protection from floods.

These problems are further aggravated by waterrgamee and the current perceptions of
consumers towards water use.

Groundwater overpumping

Groundwater overexploitation has resulted in amngileg decrease in water table levels,
especially in the plains of Abda and Doukkala.

In certain areas, extracted volumes are doubled/é¥eyears, as a result of well construction
and borehole drilling for irrigation purposes. Timiation is further aggravated by the current
practice of pumping from deep water tables, whicdh @nsidered strategic reserves, to be
used only under exceptional circumstances. At piteske decrease of water table levels is
observed throughout the basin, and reaches alawaings, which often exceed 2 m/yr.

Furthermore, the coastal aquifer, located betweeesmfur and Safi, and used for the
irrigation of high-valued crops, faces the risk s#a intrusion. A survey is currently in
progress, with the aim to assess the situationstudty the impact of elevated chloride levels
on the socio-economic environment.

Similarly to other Mediterranean countries, climakange impacts on the water resources of
Morocco. The pertinent assessments, undertakenhbyEnvironmental Department of
MATEE, have estimated a reduction of precipitatidrthe order of 15% during the last few
years.
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Alarming water quality deterioration

Approximately half of water resources of the OumRHria basin are being polluted by the
discharge of industrial and domestic wastewatemibyates and pesticides and by sea-water
intrusion. Water quality deterioration is furtheggsavated by the delay in implementing
sewage treatment schemes and the enforcement ofetbeant legislation on pollution
prevention and punitive actions.

The water resources of the basin are extremelyevabie to pollution, due to both natural
reasons and to human pressures. The basin fadetqmissues similar to those of the entire
country, and due to all types of human activitpifirthe domestic, industrial and agricultural
sectors). In total, pollution is estimated to aprately 2,000,000 equiv. inhab./yr.
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Figure 85: Water quality in terms of BODs in the Oum Er Rbia Basin (1999-2000)

In the area under the authority of the Oum Er Rbiaraulic Basin Agencydomestic
pollution originates from a total number of 70 urban citesl centres. At present, the total
annual volume of collected sewage water is appratety 40 million m3/yr. The total annual
pollution load generated by these areas is estarat21,500 tons of BOD and 42,000 tons of
COD.

At present there are 16 sewage treatment plantwhwfh only 6 are operating (Khouribga,
Beni Mellal, Boujaad, Boujniba, Hattane and Ben @uéUnfortunately, the Oum Er Rbia

River constitutes the main discharge point from ialiabited areas in its vicinity. It is

therefore necessary to prioritize the implementatid treatment plants for those regions
within the framework of the corresponding NatioR&n.
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The mainindustrial pollution sources are located in the areas of Beni Amir Bedi
Moussa. Especially canneries and oil industrieg lasignificant contribution to the increase
of nitrate and organic matter concentrations. Theual volume of industrial discharge is
estimated to approximately 16 million m3, where&® tannual organic pollution loads
generated by the agro-food industries, which agenthin source of pollution, are estimated at
11,000 tons of BOD and 21,500 tons of COD.

It should be noted that pollution generated fromsthindustries is practically of the same
magnitude as the one of the domestic sector, grrdgents 65% of the total COD load, which
is difficultly biodegradable.

Therefore, industries should at least foresee atrpa¢ment stage, which will allow a
reduction of at least 40% of organic pollution, agopting simple technologies such as
lagoons, which can contribute to a significant pidin reduction.

400000
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Figure 86: Pollution generated from the sugar industries (in equiv. inhab.)

Agriculture contributes to groundwater pollution due to theli@ation, at times excessive,
of manure, fertilizers and pesticides. In the areatrolled by the Oum Er Rbia Agency, the
guantity of nitrogen leaching towards aquiferstoeamed towards water courses is estimated
at 10% of the quantities applied. Therefore, appnately 3,500 tons of nitrates, originating
from manure application reach the Tadla aquifemagsult of leaching. Furthermore, the
pollution originating from pesticides is estimatgd.2 tons/yr.

The aforementioned uses impact negatively on tladityuof both surface and groundwater.
Various campaigns led by the Oum Er Rbia Agency, tlie establishment of a monitoring
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network for water quality have allowed the evalo@atof the current water quality status in
the basin.

Groundwater quality experiences a continuous degradation. Over the Jagears, the
measured nitrates’ concentrations have escalatethtaing levels, reaching values higher
than 50 mg/l in the majority of stations sampleithc8 the 1980s, the problem of nitrates has
become particularly acute in the Tadla plain, whepacentrations exceed the acceptable
norm of 50 mg/l (Figure 87). At present, more tt&0% of the water table surface area
(80,000 ha) is polluted, and if no action is takére entire aquifer will shortly become
contaminated in the short term. For accessing aititeasing the issue, the Agency has
established a monitoring programme in Tadla, wineeasurements are performed twice per
year, through a network of 92 sampling points. Adow to those measurements, over the
past 10 years nitrate concentrations increasgeamdy average rate of 5 mg/l.
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Figure 87: Map of nitrate pollution

The quality of surface watersis generally good in the upstream parts of thanbé.
upstream of Khénifra) and becomes degraded dovamsiras a result of urban and industrial
discharges. The section between the downstreamaKEastila and the downstream discharge
point of Dar Ouled Zidouh on the Oum Er Rbia Riversignificantly polluted by the
combined discharge of industrial and domestic effta. This river section experiences an
excessive deterioration during the summer montha eessult of sugar production activities
and other types of industrial wastewater dischangexdthe river without prior treatment.

Inefficient water use

Water lossesin the agricultural sector are extremely importahtsses in irrigation
distribution networks are estimated at 20%, wherkases within the fields (in crop
irrigation) are estimated at 50%. The situatioaggravated by the small share of agricultural
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land (10%) equipped with advanced irrigation system the domestic sector, distribution
losses are approximately equal to 35%.

With regard todam siltation, measures taken have succeeded in ensuring tisporaation

of sediments in the corresponding watersheds (T@ble In total, the volume lost in
regulation dams (Al Massira, Bin El Ouidane, MouMgussef, Hassan thé)l is currently
estimated at 350 million m3. Dam siltation has clirenpacts on the regulated volumes, dam
performance, dam security, required supplementasgksy downstream infrastructure and
water quality.

Table 76: Siltation in major dams

Dams Operation | Initial Present Loss of Yearly %

start year | capacity capacity capacity silting up

(million m3) | (million m3)®* | (million m3) | (million m3)

Bin El ouidane 1954 1500 1253 247 5.36 0.35
M. Youssef 1970 197 161 36 1.20 0p9
Hassan ler 1987 272 245 27 2.08 q.76
Al Massira 1979 2785 2744 41 1.95 0p7
A. El Hansali 2001 740 740
Total 5494 5143 351 10.59 0.20

Flood protection

Hourly rainfall often reaches levels that can inftaods, which in turn cause problems to the
overall economy and the safety of citizens. Theglafrthe Oum Er Rbia basin can attenuate
such effects, in combination of models capable avedasting precipitation volumes and

estimating the volumes that should be released.ddeny cities such as Settat, Beni Mellal

and El Jadida are still vulnerable, mostly due e wuncontrolled urban development

especially in floodable areas.

3.1.3 Financial, administrative and institutional constraints

Financial constraints are mostly related to théaliity of the population to respond to the
increased cost of water supply provision. The Siagnces investments on the construction
of dams, irrigation networks in the irrigated pegbers and the upgrade of urban water-related
infrastructure. Consumers are charged with all rotbests and the overall policy of
introducing IBT charges in drinking water suppipseres that low-income households have
access to water services. However, the overaleass of water tariffs is causing some social
turbulence, mostly due to the insufficient prowvisimf background information.

Furthermore, the State began, in November 2006ptbeedures for mobilizing a fund of
44 billion DH with the aim to reduce by half wastder treatment problems in the next 15
years.

The overall administrative and institutional seagtirsuffers from the delay in the
implementation of the Water Law. This delay is a#ifu preventing a more rational
management of water resources, and the applicafiaghe polluter-pays principle. Issues
slow in implementation are mostly associated with water charges that will constitute the

31 Date of last measurement: 2000
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financial resources of the Basin Agencies, and Wauild permit them to provide financial
assistance in the development and protection afrwatsources.

3.1.4 Summary of main water management issues

Table 77 summarizes the main water managementemsbéncountered in the Oum Er Rbia
Basin, whereas Table 78 outlines a SWOT analysiwéber management in the region.

Table 77: Summary of main water management issues in the Oum Er Rbia Basin

Problem Description

Water shortage | - Widening gap between supply and demand, as a result of sugpkyase
and pollution and escalating demand. At present, water availability per capitandogs
issues exceed 600 m3/cap/yr.

- No possibility for additional water supply: More than 9@¥%exploitable
resources have already been exploited.

- Increasing water quality deterioration.

- Overexploitation of water tables, causing a decrease of piezometis. I

- Considerable delay in the implementation of wastewater treagment
projects, due to the lack of financial resources of the opserator

- Trend towards the use of unconventional water resources: deigelif
wastewater treatment and reuse.

- Inefficient performance of irrigation networks

Difficulties in - The multiplicity of intervening parties has not allowed daeelopment o
implementing a global, coherent vision for the integration of the develm of the
good water sector.

governance - There are delays in the implementation of Law 10-95 (Water Law).
practices - There is delay in building capacity in the water management sector.

- Water prices are low in agriculture. Furthermore, users andncestado
not sufficiently respond to water prices set.

- The difficulty of the setting up of the tablecloth contract.

- There is lack of knowledge and expertise among farmers in effiviier
use. Water is used for the irrigation of crops of low value.

- There is need to foster change in the behaviour of userstewaiter.
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Table 78: SWOT analysis
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Strengths

- The existence of the Water Law defining the
Hydraulic Basin as the unit for water managemgnt

- The establishment, since 1999 in OER of fhe
Hydraulic Basin agency

- The existence of efficient operators: ONHP,
Municipal Utilities (Regies), ORMVAs, Privat]
companies, etc. -

%

Weaknesses
Communities and municipalities have often bg
not as efficient in managing water, sewerage
electricity services. They had to resort partly
completely to professionals, who were able
reduce costs and ensure the sustainability
quality of the services provided.

There is difficulty in setting up contracts for the

management of water tables. The multiplicity
users makes the implementation of such contrd
managed by the Hydraulic Basin Agency w
professional associations, necessary.

There is insufficient level of knowledge and

expertise of farmers towards irrigation water ul
Farmers should reduce or abandon the irrigatio
water-intensive, low-value crops, which 3
irrigated using groundwater, and apply n
techniques for irrigation and pumping, so as
increase agricultural output.

There are still subsidies provided for boreh
drilling and pumping by farmers, which fost
groundwater overexploitation.
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The price signals towards water users are rg
weak. The State provides a subsidy of 5 DH/m3

ther
for

the cost of mobilizing water resources throygh

dams and for the maintenance of irrigation cal
It will also subsidize wastewater treatment.

Is.

There is significant debate over the currgnt
strategic planning. Water transfers from the OER
should be performed only towards the Tenift

basin, and other, external to the basin, wi
demands should be backed up by the Hydra|
Basin of Sebou.

There is insufficient knowledge on deep wa
tables and of relevant technology.

The efficiency of drinking water distributio
networks is low

ter
Lilic

fer

Opportunities

- Aregional debate is organized by the MATEE]in

2007 on water-related issues.

- The State has started to financially support withj 4
billion DH the implementation of sewade-
treatment schemes, for reducing by half the
relevant pressures within a timeframe of 15 yeafs.

- ONEP launched a programme for drinking gnd
irrigation water supply, aimed at addressing the

delayes observed. This programme was initiatefl in
2006, has 2-year horizon, concelns
600,000 inhabitants and will cost approximatgly

1.2 billion DH.

- Farmers are supported through a 60% grant] for

implementing advanced irrigation systems.

- Public authorities are encouraged to merge whter

supply and sewerage services in regions anfl to

assign their management to operators. The QER

Agency is considering this approach.

- State Programmes for developing “satellite” citles

around large urban centres.

- The tertiary sector is under development and pill
possibly alleviate pressures exerted by agricultjre

Threats
Pollution is increasing as a result of nitrat
pesticides, sewage and industrial wastew.
discharge.
Coastal water tables are threatened by
intrusion

ES,
hter

sea

Droughts have significant impacts on wajer

quantity and quality, and flood risks &
increasing.

Water is used inefficiently.

There are several polluting industries, wh
discharge their effluents without prior treatmg
(e.g. OCP, sugar, dairy etc.)

There is delay in the implementation of Law 1(
95, particularly with regard to the polluter-pal
principle.

[e

ch
nt
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3.2 Identification of focal water management proble  ms

According to the analysis presented and the coscefrthe Oum Er Rbia Hydraulic Basin
Agency, the two most important water managemenblpros encountered araefficient
and wasteful water use andwater pollution. Although the background of these two issues
has been elaborated in the previous sections,ptriagraph briefly outlines the problems’
causes and effects, and the associated deficieatig® institutional and economic setting
that have contribute/are contributing towards them.

3.2.1 Inefficient and wasteful water use

Problem Causes

¢ High losses in distribution networks (40 to 60%).

¢ Inefficient irrigation methods with high water camsption (sprinkler instead of drip).

e High losses in irrigation canals (20%) and fiel88%).

o Delay in the implementation of a water reuse polidyich would permit the use of
treated wastewater for crop irrigation.

e Tariffs and recovery systems do not encourage veateservation.

Problem Effects
¢ Increase of demand leading to the overexploitatibwater tables (levels drop at a
rate of 1 to 3 m annually)
¢ lrrational use of untreated wastewater for irrigatpurposes
¢ Increase of polluted water discharges
o Higher investments are required for water reguhaticeatment and transfer.

Problem Importance

o Exploitable resources have already been exploited.

e Water stress, incurred from droughts and pollution.

e Preservation of the resource through least costisns.

e Deferring the necessary investments for meetingewvaeeds and restoring water
quality.

Associated institutional and economic deficiencies
o Delay in the application of the Water Law, espégiaith regard to the user-pays and
polluter-pays principles.
e Low price of water in irrigation
o Cost recovery deficiencies
e Lack of awareness among users, due to insufficieatreness campaigns.

3.2.2 Pollution

Problem causes
¢ No treatment of domestic wastewater
e Fast urbanization
e Few sewage treatment plants (6 operational plamtgd/urban centers)

Deliverable 3 Date: 25/09/2007
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e Discharge of untreated industrial wastewater (1@ioni m3/yr) from the food
industry
e Manure and pesticides application: 35000t/yeartodites and 2.2 t/year of pesticide.

e Law rainfall reducing the minimum flow and the din capacity of the receiving
water courses.

Problem Effects

o Water quality deterioration.

¢ Limitations in the potential for natural purificati

e Deterioration of surface water quality and eutreption in dams and canals. This, in
turn increases dam maintenance costs and treatoststfor drinking water supply.

o Deterioration of groundwater quality, with high cemtrations in nitrates and
pesticides being observed.

e Contamination of tourist sites.

o Salinisation of water tables.

e Odour nuisances.

Problem Importance

As mostly all resources have been exploited, wastEmwtireatment should be thought as a
solution towards:

e Water saving.

¢ Reducing wastewater discharge, currently equaltmdlion m3.

¢ Reusing treated wastewater in the agriculturaloseand therefore reducing pumping
from water tables.

Associated institutional and economic deficiencies

o Absence of an integrated water management conasgince the independence of
the country, priority has been given to supplyimigan water needs, to the expense of
sewage collection and treatment, which only nowirigetp have the focus.

o Excessive application of manure and pesticidegiiitalture

o Low tariffs and ineffective recovery of costs irriaglture, encouraging water waste
and pollution.

¢ No implementation of the pollution charges foreseen
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4 |dentification of stakeholders

Table 79 presents the main stakeholders involveddroutlined water management issues of
the Oum Er Rbia Hydraulic Basin. Further contacaidie are provided in the Appendix of the
Deliverable.

Table 79: List of stakeholders

Sector Organization
National office of the | General Direction
drinking water (ONEP) | pirection of Khouribga
Regies - Concessions | RADEET
RADEEJ
RADEEC
Basin agencies The Hydraulic Basin Agency of the Oum Er Rbia
The Hydraulic basin Agency Tensift Marrakech
ORMVA ORMVA tadla
ORMVA Doukkala
Wilaya Wilaya Tadla-Azilal
Entreprises Suta - sweets refineries of the Tadla s.a.
COMPLEX MOROCCO PHOSPHORUS llI-IV
SOGEA
Professional FMCI - Moroccan Federation of Advice & Engineering
associations AMEPA
AMEF
AMEC
Ministries MATEE
SEE - Secretariat of state responsible for water
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